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FOREWORD 

This book is intended to sene as a practical guide for maintl!lllnce engineers. supervisors and 
maiagers in carrying out prevent!ve maintenance work. Where tasks can be done by plant person. 
nel, specific procedures and techniques are given. For maintenance services which only trained 
specialists :an provide, the text attempts to give the reader a general understanding of the work 
involved and references are indicated. in case there is interest in getting more details. 

The book is divided into three main parts. Part I. which consists of Chapters 1 and 2. des· 
cribes the nature and management aspects of industrial preventive maintenance (PM). The impor
tance, objectives and scope of PM programs are defined, and a step-by-step decision guide for the 
introduction of a plant preventive maintenance program is given. The management aspects cover 
guidelines in organizing the PM function. motivation of maintenance personnel, and control and 
evaluation of PM work. 

Part II. which includes Otapters 3 to 8. discusses the basics of preventive maintenance: 
designing for maintainability; the concept of lifecycle costing and failure analysis; condition 
monitoring techniques; lubrication; corrosion prevention and control; leak prevention; and 
industrial wate.· treatment. These are generar aspects of preventive mainterlance which are appli
cable to industrial plants. Each chaptf:; gives a brief description of the concept involved and its 
importance. Techniques for the detection and analysis of associated problems and guides for the 
selection of needed materials and instruments are presented. Specific preventive maintenance 
measures are outlined in detail. 

Part Ill. which consists of Oiapters 9 to 14. covers the application of preventive maintenance 
to specific industrial equipment. namely: boilers and furnaces; refrigeration 111nd air conditioning 
facilities; electrical equipment; pumps and air compressors; materials handling equipment; and 
industrial diesel engines. A brief description of the equipment starts off each c:Jlapter. Then 
follows a section on diagnostics wflic:h details the items to be chECked, symptoms which indicate 
troubles, and any tests and instruments necessary for analysis. Preventive maintenance measures 
and procedures are then specifi~. A description of a successful preventive maintenance case 
rounds off the chapter where a documented case is available for a given equipment. 

The a;>pendic:es iOC'ude a glossary of maintenancw terms. decision guides for introducing 
a PM pre>gfam in a plant, a sample work order system for effective PM management. a maintain· 
ability design checklist, a section on the preventive maintenance of rolling bearings, lubrication 
and corrosion data, tables on the SI system of ur.its, and!: ~irectory of technical assistance centers 
for maintenance tJrYices. 

It is hoped that this book will effectively sel'Yf' its purpose as a handy reference for main· 
tenance practitioners. 

~,;~~1~--
.J!NJAMIN P. LIM 

Oiief. Conserv1tion Division 
Burta1 of Energy Utilization 

Ministry of Energy . 
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PART I 

NATURE AND MANAGEMENT ASPECTS 
OF INDUSTRIAL PREVENTIVE MAINTENANCE 



l•atrial Ptewmtiwe Mailtelwe 

1.1 THE NEED FOR A PREVENTIVE MAINTENANCE PROGRAM 

Maintenance is defined as a combimtion of ICl!on carried out on .. item to retain it in. 
or restore it to. an acceptable condition. Properly implemented and with strong management ~ 
port. it contributes si.-ificantly to plant productivity and performance in runy 1espec1S. 

The need to manage the maintenance function more effectiwly is becoming more important 
for two main reasons: 

a. Inflationary effects have resulted in increased wages and spare parts COS1S. Since main
tenance co.ts are about 1 fJ of the controllable manufacturing operating expenses. 
these increases hav& a significant effect on operating costs. 

b. The hi!#l capital investment in equipment, together with the high cost of money. 
places additional pressure on the company to operate existing equipment at optim..n 
conditions. This rr.eans running the plant at high efficiency. high yield. low scrap and 
rework, and minimum dowr.time. As a rP.SUlt. some ecJJipment are being operated 
beyond their design capacity. 

It is to the company's advantage to defer and minimi2e capital exper.diture and this increa5f'S 
the necessity to prolong the useful life of equipment and minimize the funds tied up ;n spare parts 
inventory. 

12 THE NATURE OF PREVENTIVE MAINTENANCE 

Effective maintenance management involves sound organization. measurement and control 
practices regarding all actions MCeSSary to keep an item in. or restore it to. a condition of readi· 
ness for service. These action$ include servicing. repair, modification, overhaul, inspection and con
dition verification. 

12.1 Definitions 

The diversity of terminologies and definitions used for various aspects of maintenance has 
tended to cause misunderstanding among maintenance practitioners. In an endeavor to formulate 
a universal maintenance vocabulary or terminology. the British Standards Institution issued 
BS 3811:1964 -Glossary of Terms Used in Maintenance Organization, which was later re-issued 
as BS 3811 :1974 - Maintenance Terms in Terotechnology. A list of some commonly used terms 
and their definitions is in Appendix I. 

a) BrtJllkdown MaimtlfllmCe is the oldest and most common approach. This is a maintenance of 
a non-routine, non-repetitiv·~ basis performed to restore an item to a satisfactory condition 
after 1 failure h• occured. The breakdown maintenance cost would include the repair cost 
plus the cost of production losses. 

3 



bl 1'18"'1/ltiw mailf&mncr is 1 colle\:tion of systematic ICtions performed to retain equipment 
in smtisflCtOry operationll condition Ind to prevent sudden malfunctions. The essential 
purpose is to eliminate controllable flilans. PM actions include the fo!lowing ..:tivities: 

1) Des9'a. purchasing and mlterill control to avoid possible problems in subsequent 
operation and mlintenanc:e of equipment Ind facilities; 

2) Formulation Ind implementa~ of proper operating proc:edla"es to reduce mainten
lllte and opeating problems; 

3) Inspection and monitoring to identify incipient failwes; 

4) Proper lubrication; 

5) Analysis of equipment records to identify and solve equipment problems; 

6) Analysis of equipment and re;>air operations to find and solve maintenanc£ and 
operating problems~ 

7) Adjustments. calibrations and minor equipment replacement arising from inspection; 

8) Scheduled tcp..irs and overhauls. 

Preventive maintenance is a formal program which requires a high degree of planning. 
organizing and c:ootrol. 

c) Conectiw Maintenance consists of tl".e study of equipment failures and breakdowns and the 
actions undertaken to prevent their recurrences. This maintenance approach deals primarily 
with repetitive repairs and normally requires good maintenance records and the creative 
ability to identify and solve recurring maintenance problems. Often. nagging maintenance 
problems can be reduced significantly or eliminated by taking deliberate action to improve 
the performance of the equipment. A careful, systematic study of the breakdown cause 
and necessary repairs can indicate that improvement can be made by one of the following 
ICtions: 

1) Ollnging the process or the duty which the equipment performs. 

2) Redesigning the CQmponent that failed in order to strengthen or eliminate the weak 
point. 

3) Replacing the defective unit with an improved one (e.g., om made of a new material 
or alloy). 

4) Improving preventive maintenance procedures (e.g., more frequent lubrication or 
inspection). 

5) Reviewing and changing operational procedur-.s (e.g., developing proper startup and 
shutdown procedures or improving training for operators). 

An active corrective maintenance pr~am can result in significant improvement in 
equipment relilbility. reduction in downtime and lower maintenance costs. Each project, 
however, should be ec:onomicllly justified since there are cases where it is more econom~I 
to dispose of 1 unit thll'I to improve it. 
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The effective org111iution is one which recognizes the differences and systematically selects 
the proper bin of these approlChes to meet the organization's obiectives. 

1.2.3 BMic Principia for Pr••tiw llliH .. .._ 

The principles upon which preventive maintenance is based are: 

a) Ulic..._a is cumulMile. Mor. 7aifures hne minor and seemingly unimportar.t beginnings. 
Therefore. breakdowns and large repain generally start small and grow. The parts of ma
chines and equipment are int~ependlnt. It is a little tear in a belt that leads to rupture. 
a little vibn+Jon that results in fatigue failure. a little heat that develops into a seized 
bearing. a little corrosion that precedes the failure of a tank. 

b) Ewidence of denlc+iwi failure May be fauml. There is normally some sign ui' the coming 
failure that can be found if -.:hed for carefully enc>t9t- One of the first requirements 
for detecting incipient brnkdowns is the recognition that they are of small beginnings. 
When this is fully appreciated. the minor variations in the behavior of a machine takes on 
added significance. These little signs of future failure are not hard to deteci: if att~tion is 
paid to the subject and some patience is exercised. The ability to use physical wnses is the 
key because one can normally see. hear. feel or smell these minor !aults. such as heat. 
cracks. vibration. odor or strange noises. lnstrumenh are available for a more reliable condi
tion monitoring of equipment. 

c) GfOWth to fail ... takes time.Usually. a substantial amount of time elapses between the time 
of possible detection of the minor fault and the actual breakdown or failure. This time 
element does vary from one failure to another. but in most cases there is sufficient time in 
which to llCt to prevent minor faults from becoming major failures. 

d) Prw•••tift ....,......._is less costly. Correcthre action taken in the early stages of a deve
loping failure will be muct. less costly than those made after the failure has developed. The 
time and material required to mend small tears and ruptures. and other minor faults are less 
than for major repairs. The early repair of a minor fault also reduces the chance of that fault 
becoming a failure which adv2rsely affects interdependent parts. 

1.3 THE OBJECTIVES AND SIGNIFICANCE OF A PREVENTIVE MAINTENANCE 
PROGRAM 

The objectives of a preventive maintenance program are: 

a. To aid in minimizing the unanticipated failure of equipment in order tJ avoid the resulting 
downtime and loss of production. 

b. To minimize the cost of em2f'gency repair. 

c. To minimize hazards to personnel. 

d. To maximize the efficiency and safety of production equipment operation. 

e. To prolong the useful life of equipment. 

The primlf'Y goal of a preventive maintenance prawam is to reduce the overall maintenance 
and operating c:om. This does not nec:essarily mean a record of "no breakdowns". F~gure 1.1 
shows graphs which indicate the effects of preventive maintenance and downtime costs to the 
~erall maintenance costs. The curves illustrate that at low PM activity levels the downtime costs 
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< 
.-e hit#I. As preventiw mmntenaice is incremed. downtime cost decreas. This decreme in cbm
time cost is wry nipid • ~tive mainteNnee begins. but the decrease slows to • point where 
additior.al preventive maintenance will do little to reduce the downtime c:nsu. The total main
tmance carts decrease to a point where the cost of preventive maintenance exceeds its benefits 
as far u 111Cb.'1ion of maintenance costs is c:oncemed. After this J)('int. the total maintenance 
cost starts to increase. The level of preventive maintenance activities (PM program) is established 
on the lmis of • cost-blnefit analysis and production goals. 

Here is a list of benefits which can be derived from a prevrttive maintt-nance program: 

3. less production downtime. with all its related savings and advantages; 

b. less overtime costs than for breakdown repairs; 

c. Fewer large-scale and repetitive repairs~ hence less crowding of maintenance work; 

d. Fewer product rejects. less spoilage and better quality control because of properly adjustec! 
equipment; 

e. less standby equipment needed. thus reducing-capital investment; 

f. Better spare parts control; 

g. Identification of items with h9'1 maintenance costs. leading to investigation and correction 
or causes such as misapplication, operator abuse and obsolescence; 

h. Greater safety for workers and improved protection of the plant; 

i. Lower costs of simple repairs because fewer skilled manpower and parts are needed than for 
breakdowns. 

1.4 THE DECISION TO ESTABLISH A PREVENTIVE MAINTENANCE PROGRAM 

Preventive maintenance programs are not easy to "sell" to management because there are 
no immediate savings to be realized. It is not unusual to have to wait for 2 years to see initial 
benefits from PM. Management is usually receptive to a well planned cost·reductiC1n program and 
so a preventive maintenance program must be formulated as such. 

The establishment of a PM program is done on an individual plant basis and there is no 
"off the shelf" plan that can fit the requiraments of any particular plant. However. there are five 
specific phases which can serve as an overall guide for the introduction of a preventive mainttf'· 
ance program: 

Phase I 
Phase II 
Phase Ill 
PhlSllV 
PhaMV 

- Suitability Study 
- Research 

- Design 
- Appraisal 
- ()pcrilionaliation 

The detliltd stepS in undertaking these phases for establishing a PM program are dP.SCribed 
in Appendix II. 
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Figure I. I PM Optimi:zation 

Phase I (Suitability Study) involves the efforts of thr Maintenance Department to "sell" 
the idea of a PM program to managem~nt. The results of this study would include: 

a. A written statement giving a clear definition of preventive maintenance which shall 
be commonly undentood in a particular firm; 

b. Cost figures associated with operating the plant without a PM program for the past 
2 years; 

c. Cost estimates fot th• implementation of a PM program for the same 2 years; 

d. Comparison of maintenance costs to determine the minimum cost of optimum main· 
tenance; 

e. Th• outline of a PM pr~am. 
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Phase II (Research} includes the following activities: 

a. Gathering of equipmen: records aild historical repair and maintenance data; 

b. Selection of equipment to be induded in a pilot PM pr'lgl'am; 

c. Training of a PM team for the pilot program; 

d. Thorough study of past upkeep and maintenance costs. a more reliable estimation of 
the cost of the desired PM program and computation of expected savings; 

e. Determination of other possible benefits besides sa,;ings. namely. better product 
quality and increased productivity; 

f. Evaluation of the data and discussion on the merits and extent of coverage for an eco
nomically justified PM program; 

Phase Ill (Design} consists of the activities in designing the preventi;,e maintenance pro
gram for the plant. These include: 

a. Designation of members to form the PM design group; 

b. Analysis of equipment records to determine the extent of plant·wide PM work to be 
established; 

c. Design of the system for record-keeping and scheduling. whether manual or compu· 
terized. 

Phase IV (Appraisal} consists of putting the plan into a test operation at a scaled-down 
basis in .>rder to determine the workability of the entire program plan. This phase includes the 
following activities: 

a. lde11tification of the most critical and troublesome equipment of the plant to be 
included in the test program; 

b. Review of the historical data of the test units; 

c. Implementation of the test PM program for one cycle; 

d. Recording of data during the conduct of the preventive maintenanr..e work; 

e. Analysis and discussion of data and PM results; 

f. E~t~olishment of a system for program scheduling. reporting and monitoring; 

g. Preparation of the formal written preventive maintenance procedure; 

h. Preparation of budget for the plant-wide PM program. 

Phase V is the operationalizatio11 of the plant preventive maintenance program. It is ~ecom· 
mended that this mould initially cover 50 percent of the machines in the plant and then later 
expanded to a full·scale program. The following actil1ities are included in this phase: 

a. Distribution of copies of th'! PM schedule to all departments concerned; 

b. Preparation of work orders; 

c. Carrying out of preventive maintenance work according to the schedule and instruc· 
tions in the work orders; 

d. Preparation uf technical and cost data reports~ 

e. Reviaw of the PM program for possible improvement and expansion of coverage. 

The key factors to the succe5'ful P.stablishment of an effective PM program are strong sup· 
port from top manageme'lt and close cooperation among involved departments. w:th these and 

8 



a cle11:- definition of preventive maintenance which is well understood by all in a .iarticular plant. 
an organization should be able to adopt a PM program which provides the optimum level of at-

tainable benefits. 
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Management Aspects of Industrial Preventive Mainten•ce 

2.1 ORGANIZING FOR PREVENTIVE MAINTENANCE 

2.1.1 Guiding Principles 

The sizes and complexity of industrial plants vary. When organizing the PM functio'l in any 
plant, the following guiding principles should apply (Reference 6). 

a) Start modestly; establish clear objective$. 
It is a safe rule tn start modestly and progress deliberately as '!Xperience is gained. 

The first tasks to be tackled would be the analysis of past production and maintenanca 
records and the establishment of inspection and reporting procedures limited to a few 
equipment. From these, potential savings can be l?stimated and succeeding developments 
can be planned more accurately. 

This guideline should be followed even when the engineer in charge is an experienced 
preventive maintenance man. The.e 1s too much unexpected work in launching a fuil· 
scale program right away. 

It is best to start with selecting key facilities which have immediate effect on produc· 
tion and fo!' which realizable savings can be estimated with confidence. This way, a PM pro· 
posal can gain strong management support. 

(b) Organize PM Team carefully; define responsibilities. 
Choose for a PM supervisor or manager an able engineer who is analytical and inclined 

towards practical research and has no reservations about working with drawings, cost records, 
burdensome technical data, equipment testing, analysis and technical report writing. He 
must also have the ability to win cooperation from other groups and departments as well 
as keep the PM team properly motivated. 

If no employee really has the ca!"ability. a qualified man should be · 1ired rather than 
put somebody of doubtful ability and hope that somehow he will make the grade. 

Selet."t clerical staff who have the aptitude for keeping records and some knowledge 
of blueprint reading and office procedure. Do not get a mechanic with no clerical experience 

to do the wnrk. 

Maintenance mechanics should be technically compi?tent and able to reason clearly, 
write legibly and work with little supervision. 

Responsibilities of all team members should be clearly defined. The team should be 
under the direct authority of the PM supervisor. 

PM work should be classed as a major st3ff function and provided with adequate 
office facilities from the start of the PM program. 

(c) b"treamlln• proudum; #tablilh chtJckpoint1. 

There is no standard PM clerical system. The optimal system should ensure that 
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information collecteci is accurate. in sufficient detail, promptly used and economical on sup
plies, facilities and time requireme.,ts. 

It is practical to use standard forms. Checklists should be used whenever appropri· 
ate for recording maintenance work iS it saves writing time. 

(d) Keep the PM Team intact for a reasonable period. 

The PM T earn must be kept intact for at least one year, or until such time that the 
PM program is fully operational. As much as possible, there should be no change in the 
membership of the team. to ensure continuity of the work. 

2.1.2 Organizational Structure 

When the PM program becomes fully operational, the function is integrated into the mair.:
tenance department. 

For small plants, the preventive mairtenance function may be carried out by staff engineers 
in a centralized technical department. 

For la;ge plants the work of engineers in the maintenance department includes developing 
budgets, installing capital projects, etc. Without a rlefined PM function, PM-related problems 
would not receive the proper attention on a da;ly basis. It is not uncommon to find that repairs 
are made on damaged parts but little time is given to analysis and diagnosis of symptoms in order 
to arrive at the true cause of failure. The total maintenance function is not carried out effectively 
due to divided management directions. 

Figure 2.1 shows an organizational chart where engineers are placed in two separate loca
tions in the maintenance department. Maintenance engineers in the planning function may not be 
receiving ~oper direction due to heavy nor·-techmcal administrative demands placed on their su
pervisor. Engineers in the field execution may experience too many problems for two reasons. 
First. there can bf' continual pressure from execution management to complete jobs as soon as pos
sible at the expense of quality or reliability. Secondly. their motivation and effectiveness may 
have been undercut due to their relatively low positions in the organizational structure This opens 
up another problem; how do you attract top engineers into maintenance work? 

A better organizational arrangement is to combine all technical requirements into one ·.lllain· 
tenance Engineering Section (MES) at a level reporting directly to the mainteriance manager. 
This is shown in Figure 2.2. This is necessary to enable new programs to be installed and receive 
management support on a continuing basis. lnevitably,situations will arise where PM decision which 
have to be implemented would contradict past practice and traditions and temporarily increase de
partment expenses. Centralizing the engineers eliminates overlapping of effort on problem solving 
and provides for a more effective manpower utilization. 

2.1.3 Factors fo:r Establishing the Maintenance Engineering Function 

In defining the functions of the Maintenance Engineering Sectior1, a number of important 
aspects need to be considered; 

(a) The program is long term and affects not only the maintenance department but the plant 
as a whole. It is necessary that management clearly understand its objectives and is fully 
committed towards achieving these goals. 

(bl Maintenance management .;eeds to adopt and develop formal 5-year plans rather than work 
on yearly cycles. In particular. investment strategies need to be developed in greater detail 
for 5-year ot>;...:tives to achieve improved reliability and extended equipment lifP.. 

(c) The function requires technical expertise in both mechanical and instrument/electrical 
equipment. 
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(d) The use of diagnostic tools to provide accurate measurement of equipment condition 1s an 
integral and essential part of the rr.aintenance engineering function. Development in this 
arff requires specialized knowledge and a significant increase in the skill levels of engineers. 

supervisors and t1adesmen. 

MAMT. 
MGR. 

I 
I . 

E~ SHOPS PLANNNG STOREHOUSE 
ASST. MGR. 

I I 
El£C./ MACH. 

ZONE ltSTR. 
GROUP GF:OUP 

Figure 2.1 Maintenance Department Where Engineers are Placed in Different Locltions 

1 'M "-,.,.,IVALUATtQNJCOlfTAOL 
1 -flOlll_,.,._ 
> 'AILU"l ANAL Ylll 
• M&MITa•OftK OUALll Y 

• ·-'" JILlll••-• -•llT •1.ou-
1 OTMf" ..,..,.TllllAllCI lflGltil11l••NG ........ .,. 

Fipre 2.2 Maintenance Orpnization for Effective P. M. 
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2.2 PLANNING AND SCHEDULING 

Planning and scheduling as applied t\l PM should provide answers to the following: 

(a) Planning the PM 

1. What to inspect (program) 

2. What to inspect for (checklist) 
3. How often to inspect (frequency) 

(b) Scheduling PM work 

1. When to inspect (schedules) 
2. Wh1ch to inspect first (priorities) 

2.2.1 Planning the PM program 

There is no hard and fast 1ule on what to inclllde in a PM program. But a good program 
will indude most of the plant's physical property. As earlier discussed. the most appropriate 
approach for plants which are just starting to adopt a PM program would be to start modestly
gradually expanding PM coverage from the more valued equipment to the le55 valued equipment. 

The ABC method for classifying equipment, shown in Table 2.1. is a very good basis for 
determining the extent of PM program. !t is not unusual to find that only 5-15%of a plant's 
equipment comprise 60 to 70% of the operating income and that 60 to 70% of a plant's equip
ment are contributing only to 5 to 10% to the income. Therefore, in this case, by controlling 
only 15% of the equipment, 70% of the plant's income is assured. The A equipment are given the 
highest priority for PM work and C the last. 

Category 

A 

B 

c 

Table 2.1 The ABC Method for tlassifying Equipment 

Description 

Critical to operation. 
outage unsafe and/ 
or costly due to interruption 
of production or affects product 
yield/ quality 

Non-critical, outage 
primarily a matter of 
high mechanica! expense 

a) Idle equipment or 
b) Low cost and 1upport 

equipment with no 
direct tie-in to 
general production 
schedule. 

13 

l..eftlof 
Performance Required 

95% service factor 

90% service factor 

85% service factor 



(a) What to lnsp«:t 

(1) Process equipment · furnaces. heat exchangers. piping, pumps, compressors. motors. 
stills, instruments. 

(2) Safety equipment · vacuum and pressure relief valves, flame arrestors. breathing 
and emergency relief equipment. 

(3) Utility equipment · boilers, electric generators, supply/storage/distribution systems 
for water /steam/air. 

(4) Tanks and auxiliary equipment · storage tanks, pipelines, dikes, drains, gages and 
instruments. 

{5) Plant buildings· shipping and storage areas, including transport equipment. 

(6) Fire Protection Equipment • firewater system, extinguishers, foam installations, fire 
trucks, alarm system. 

(b) What to lnsp«t For (OleclclistJ 

The best source for a PM checklist is the ~rvice manual issued by the rr.anufacturer. 
This may be adjusted by adding or subtracting items bned on act:Jal maintenance experi
ence. In principle, a checklist itemizes for the inspector all the points to be checked on any 
one piece or type of equipment. It also provides spaces for dates and initials to show when 
an equipment was inspected and _by whom. Checklists assure uniform and complete inspec
tion regardless of who does the job. Figure 2.3 and 2.4 are examples of PM checklists. 

(c) How Often to Inspect !Frequency} 

The decision on how often to inspect probably has the most bearing on costs and 
savings ori a PM program. Over-inspection is needless expense. Under-inspection results in 
more breakdowns. Good balance is needed to bring optimum savings. To come up with 
program inspection frequencies, a suggested way would be to come up with an initiol fre
quency program and graduolly refine this during implementation. The initial frequency 
program should consider: 

(1) The equipment classification as discussed earlier. The A class equipment should get 

more frequent attention. 

(2) i:ngineering analysis of each equipment from viewpoints of age and condition, sever· 
ity of service, safety requirements, hour' of operation, susceptibility to wear. su5Cei)
tibility to losing adjustment. 

(3) Equipment/material manufacturer's recommendations. 

(d) Mien to /111p«t (Schtldu"11) 

Schedules in a PM program are either: 

(1) Routine· done at regular intervals. 

(2) Periodic • done at preteribed intervals (normally on plant shutdown or turnaround). 

(3) Contingent • done at indefinite intervals. 

Schedules .-e generally of two tyl'JIS: 

(1) Overall charts showing schedules of all pieces of equipment (usually by category). 

(2) lndivid.iaa cards for each piece of equipment. 
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P.M. CHECKLIST 
CPump/Motor; PumpfTurbl111; Comp-r1I D.c1_ 

API Nca.UEC. 310GllOO 
c II c • c II C II c II c II c II c II c II c II u c II u c II 

IM· 01/,.,. • 01 EOUIPT. 

! ! ! ! 
.. 

~ ~ ~ ~ I ~ ~ ! I ! 0 .. 
' ... • 0 .. NUMBER .. .. ij ~ CHECKLIST 

... 
~ Ill ~ .. .. Ii. .. .. 

1. lletUI of equipment 10, I, U, SI 

2. Hind ro"'9 idle unit 

3. Q!ICll f1Ulhing Oil/Qlllnctl lyt11m I . 
4. Ollct ••m tnelng line 

1. °'9ctc pecking 11111 tor l•k• 

I. Chlcll oil C.-r • tubll condition 
-

1. Cl** ooolint '"'*" 
8. o-tt ti.ring ~ture ' I 

~ 

t. CNcll ¥1br9tion end noi11 lewlt 

10. QI.ck Olllfetint t1mp./preftu .. 

'1. °""'"-
Mditionll tor PumpfTurbi111 Sit 

12. Ctlldl .,_nor link"" I I 

13. °'9ctc RPM 

'"· Oleck~•k 

U91nd: 0. °"""'"' I· idle; U ·under repelr; S • out of 11rvlc1 • Obtol1t1/unutlbl1 
• if •tilf9ctorv >C· if not 11titf1Ctorv: UM IPICI below for 1xplen1tlon 

"'""""': -- ---·-Ally tupltlo.' to improvt our P.M. ln1P1Ctlon conductld by: 

Fipre 2.3 Sample PM Chflddist Form for Pump, Motor, Turbine and Compreuor 



P.~. CHECKLIST 

CT•'* Alltatorll Alrfln-l1n/lootblow1r1I Date 

SEC. 200/3llOl«I0/1100 I Ill I Ill I I z 1 IM·ZllV.OZ EQUIPT. Ill • c Ill Ill I Ill I ii! "':' N f'I • .. .. N "':' N pt • ""IN 
f'I • Ill IF .. N .. N 

NUMBER I i 
. . 

I 
. . . . . . . ' . ' . . . 

CHECICl.IST .. I l I l ' 
I ~ ~ I .. : • l ! I ~ I ~ I : I ~ I I I ~ I 

' 
: I I 

T ... Atha'°'91Alrfln C:oollfl ":' .. 'II .. 
Ill iii Ill Ill Ill "' Ill Ill Ill Ill Ill u. 

1. S1at111 of 1Qulpment (0, I, U, SI 

2. Check fret tum of idle fin by hand 

3. Check lulwic:atlon of drhring uniu 

4. Check oil levwl on g19r reducw 

S. Check .,_ing temlllf•ture 

I. Check v!b1'9tion and noitoll . -°' l. Clun!i-- -
Soolbl-rt 

1. Chllck 0:1 llWI in ... , llduc• 

2. Chocll hlbric:ation of driving unit 
'" 

3. Q\eck pecking tor l•k• 

4. Ctleck tlwottle wive 

I. Check chain tc~ •- I PGlitlon 

Ugend: 0 • operating I· idlt; U • under repair; I · out of 11rvlc1 • Oblol1t1/11nuubl1 
• it atiffllCtory X • 1f not Mti1tac,ory; u11 11-.r.:1 ~low ior 111plana1 ion 

Ae...,k1: 

I lvly auggntion to improve our P.M. ln1pection aonduc:tld by: 

Filure 2.4 Sample PM Checklist Form for Tank Agitator, Alrcooler, Sootblower 



It has been found to be convenient to .topt both types. Use the ovenll c:ham for 
control and the individull cards to ensure proper inspection and recording. Figures 2.3 and 
2.4 show examples of the individual cards. Figln 2.5 is ilh example of a portion of the 

overall charts. 

Aoolh« useful and very effective document schedule is the PM Master a.art. an 

example of which is shown in Figure 2.6. 

As in any other maintenanee work. planning and scheduling for PM must include the 

following: 

(1) A work onler priority system for all the PM work. 

(2) A standard on each work order prior to accomplishment task. 

APSNo.2 
2M-01m-01 

B-2101 A 
B-2101 B 
P-2101 A 
P-2101 B 
P-2102 A 

P-2102 B 
P-2103 A 
P-2103 B 
P-2104 A 
P2104 B 
P-2106 A 
P-2106 B 
P-2106 A 
P-2106 B 
P-2107 
P-2108 
P-£109 
P-2110 

P-2111 A 

P-2111 B 
P-2113 
C-2201 A 
C-2201 B 
C-2301 
B-2301 
B-2302 
B-2303 
P-2301 A 
" ....... ,... 
.~~. 8 
P-2414 A 
P-2414 B 
P-3001 A 
P-3001 B 

ROTATING ~SCHEDULE 
•ROCESS AREAi 

(Twice a Monlh. First nl Third Welk, Monday) 

APS No. 2 FDF of F-2101 p.2302 Water ln;lction 

Ditto P-2302 A 

Crude Feed p.2303 B 

Ditto 
p.230( A 

APSReflux P-2304 B 

Ditto P-2401 A Crude Debut Reflux 

APS Distillale P-2401 B Ditto 

Ditto P-2402 A a-gePump 

APS SS Product P-2402 B Ditto 

Ditto P-2403 A Napth/Kero Split Reflux 

APSBottoms P-2403 B Ditto 

Ditto P-2.il04 A APS No. 2 PWF et.ge 

Caustic/Inhibitor lnjectioo P-2404 B Ditto 

Ditto P-24C.'5 A LVN Product 

APS Sour Water P-2405 B Ditto 

Qle:nical Feed Pump P-2406 A Deisopent. Ref!ul; 

Demulsifier P-2406 B Dino 

Crude Desllter Proc:es P-2407 A l~UN Product 

Water Pump P-2407 B Ditto 

Crude Desalter P-2408 A Deed!aninr Reflux 

Ditto 
P-2408 B Ditto 

APS No. 2 PumplrOUnd 
P-2408 A LanOil 

CHF Gas Comprnsor 
P-2408 B Ditto 

Ditto 
P-2410 A LPGIPWF Split Reflux 

PWF Gas Compmlor 
P-2410 B Ditto 

PWF FDF 
P-2411 A LPG Product 

Ditto 
P-2411 8 Dino 

Ditto 
P-2412 A Hot Oil Pump 

Stum Cond. H20 P-2412 8 Ditto 

P-2413 HVNProduct 
Ditto 

Kero Product 
Kero Product 
Dtodoriur FMd I 

Dtodorinr FMd 

Fi1ure 1.5 Sample Portion of OftlalJ a-t for PM Scbed• 
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(3) A day"s planned work for each crafts.'Mn at leest a day in adnnce. 

(4) An U1>to-dlte master plan for 111 PM prognms by agreement category indicating plamed 

date • dwation. and wsning. 

(5) The master pJan distribu1ed or reviewed weekly by pl•t supervision or the MES. 

(6) The master plan updated as to progress 'Mllltly or IPOl'e often. 

(7) The •• bread and butter .. PM work aca>mplished on schedule and not delayec! due 
to a large job getting prefsential trellbnellt. 

(8) PM work completed on time in line with planned dates. 

, ..... Z-..w.lt ..... . ...... 
I. RIE 

1. Praam 

Inspection of 
RIE usingctiedt· 
list_upmling 

of charts 2M-01/ 
03-G1 IO 05 
1~-01to01 

2. UlilitiesJtllti 

Sarne • lbowe 
Updningof 
charts.. 

3. Airanlitioning I 

cent'llizld A/C 
(2uni11Mayl 

!with 1 CPI 

4. 5erYice Vehicles 

5·1ID5-5 + 
S-21 

5. Pump S.itctlint ,,_ ... 
Olllyl 

5. Monthly Repcl!'t 

11st or 2nd 
w.kl 

PU C.0.-ica-
tioni 

•IMlmoPMfir.~ 
inptoll'• 
supervi.-s. 

Vibnlion rudinlJ l.ulwicawion of A/F 
of 21HJ1 AJ3.01 ID cioolen bml-d on 
05 

,_..__ 
........ of cNr1s schelMe (nice: with 

(note with 1 CJPI ~· 

-do- -do-

!with 1 CJPI (with 1 C/PJ 

I 
Centnilized A/C 2 Window rype A/C or 
units per day ach.i refrig. equipt.. 

\with 1 CPI (with 1 CJPJ 

s.6 to S-10 S-11 to S-15 

Sclledule pump 
switching 

~PM fincli .. IO Mlmo PM finclinp 10 

.,...,,.msors. ., •• supervisoR. 

Fipre 1.6 Slmple of a PM Matter Sdaedale 
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oil of pumps Md 
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(with 1 CJPI 

Window lype A/C or 
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lwith 1 CJPI 

S-11 to S-20 

Mlmo PM finding& to 
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2.3 MATERIALS AND COST CONTROL 

2.3.1 The Wodt Older Systmn 

As in any other maintenance work. the basic tool used in material and cost control in PM is 
the Work Order System (see Appendix 11 ). Basically. the work order system provides the mecha

nics for initiation. authorization and control of wock. labor. materiais. and duration are pre. 
estimated prior to approval. with actual data reflected after completion o! work. The essential ele· 
mefits of a work system are: 

(a) A standardized work order form. Some plan6 use a two-form system: One form far non
routine. special or ~anket jobs and a simpler form for routine items which are in turn 
covered under a blanket work order form.. This system is the type described in Appendix 11. 

(b) A work order system writtett procedure. 

fc) A single person re5!JQnSible for the control of all work orders. 

(d) A confined group of st2ff and supervision who have authorization to reqllest maintenance 
services. 

(e) All work classified control-wise as to nature e.g .• equipment repairs. yard work. capital 
work, etc. 

(f) Restrictions more severe for approval of .. Rube Goldbergs" jobs as contrasted to "normal" 
repairs. 

(g) A reasonable .. date required .. on each work order and do not permit "A.S.A.P." (i.e., as 
soon as possible). "at once". etc. 

(h) A written work order in evidence prior to starting a job for all work except genuine "emer
gency wor1c··. 

2.3.2 Work Measurement 

For effective cost control. the work order system must be supplemented by a work mea
surement system and a cost budgeting/re~iew system. A typical work measurement system will 
include: 

(a) labor standards covering .,111·ecurring jobs 

(b) Labor standards covering all non-recurring jobs 
(c) A labor productivitf report 
(d) A productivity incentive system 

Standards may be based on either time-and-motion study results, definitive estimates or 
historical data. Actual time standards used in an oil refinery plant are shown in Figures 2.7 
and2.8. 

Other than skill-related productivity factors, maintenance labor productivity is oftentimes 
lowered by certain common delays such as: 
(a\ Waiting for orders in the moming and at noon. 
(t t Looking for the foreman to find out wl".at the next job is. 
~.:) Visiting the site to find out what must be done. 
!dt Unnecessary trips to stores. 
(et Retum trips for tools. 
(f) Searching for the foreman in order to get a stores · withdrawal authorization. 
(g) Unnecessary trips bade to the shop when another job is in thtJ vicinity of one just completed. 

(ht Dispatching three men to a job which two could very easily do. 
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JOB STAlmARO llO. !!l.;.!! 

JOB: INSTAU.A TIOll OF llACHllllE DATE SET :01/15115 

LATEST REV. llO. : 03 

DA TE REVISED :01'8W4 

A a 

llO. OF llO.OF 
JOB ELEIEllTS 

MEN OCCUR. 

1 ~--bahs~ 1 4 

2 Hitch IRIChine 11:!.000 ... _ _, 2 1 

3 Pmition a.. to loml 1 1 

4 
Raise machine- to position ... ..._ 2 1 

5 
Inst.Ill~ bolts to 

1 
machine 314- 4 

6 Align llllr:hine to lnChor holes 2 1 

1 Ammble steel -- .., lnChor 
holes 

1 1 

8 Grout in 4 lnChor bolt holes 1 1 

9 L.nel machine 2 1 

10 
Pict-up/lnld skids on hand-

2 2 
truck C200 lbs.. I 

11 T1ke skids to drump 2 1 

12 Unlold skids 2 2 

Oirea job 
Auxiliary time 

W.toul 
,.,__. time M 1K 

TOTAL 
HOURSIMH 

(i) Waiting for workers from o1h• crafts to start or finish. 
(j) Looking for the job site. 
(k) Losing time -.... of countennlnded orders. 
(I) Waiting for production to hand OV9f' a machine. 
(m) Trying to make up for insufficient information on blueprints. 
(n) Finding m.cerills which are on order but not available. 

c 0 

TlllE 
PER TOTAL 

OCCUR. T9IE 

Cmituusl Cminu1e1I 
1.1 4.4 

-
21.3 21.3 

'.i.O 6.0 

7.0 7.0 

1.8 12 

25.7 25.7 

0.5 7.0 

22.0 22.0 

41.3 41.3 

2.0 4.0 

0.5 3.5 

2.0 4.0 

1484 
10.0 

218.4 
32.7 

251.1 
4.2 

E -----, 

TOTAL 
MH 

OJJ7 

0.71 

0.10 

0.23 

0..12 

0.86 

0.03 

0.37 

1.38 

0.13 

0.12 

0.13 
-
4.25 
0.95 

-
5.20 
0.78 

5..91 
5.98 

A continuous wltCh on activities like 1hose mentioned above will go a long way towards 
improving labor productivity. 
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JOB STANDARD llO. El· 01 

JOB: ELECTRICAL ~ECTIOIG FOR 
llACH•E TYPE 1 

JOB ELBIENlS 

1 Machine cut conduit 3/4 

2 lllKhine thread conduit 3/4 

3 .... pipe conduit 3/4 

4 Knock outs lhandl 112 

5 Knock out (punch I 314 

6 Mount pull boxes Ion steell 

1 Mount 60 amp. switch 

8 Conduit joints 314 

9 lock nuts Iii adol~s 

10 Sealtite 3 feet 

11 Connectors (a,,glel 

12 Pull wire 

13 Connectors 

Direct job time 
Auxiliary time 

SW total 
Personal time at 15'\ 

TOTAL 
HOURSIMH 

A 

NO.OF 
MEN 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

2 

1 

DATE SET :OVl2/1S 

LATEST REV. NO. : 04 

DATE REVISED : 03/12/T1 

8 c D 

NO.OF 
TIME TOTAL 

OCCUR. PER 
TIME 

OCCUR. 

(minutes) I minutes) 

8 1.1 8.8 

16 1.9 30.4 

4 4.7 18.8 

7 0.5 3.5 

8 3.9 31.2 

2 12.1 24.2 

1 69 6.9 

10 0.9 9.0 

24 0.4 9.6 

1 8.9 8.9 

2 2.9 5.8 

40 0.5 20.0 

6 3.9 23.4 

200.5 
220.0 
~-

420.5 
63.0 

483.0 
8.1 

Figures 2.8 Job Standards for lnsaaUing Electrical Connection on a Machine 

2.4 MOTIVATION OF MAINTENANCE PERSONNEL 

E 

TOTAL 
llH 

0.15 

0.51 

0.31 

0.06 

0.52 

0.81 

0.12 

0.15 

0.16 

0.15 

0.09 

0.67 

0.39 

4.119 
4.48 

8.57 
1.28 

9.85 
9.85 

Maintenance managers influence the later careen of staff who continue to work in the 
same organization in their periodic performance evaluations. At the same time, the managers do 
not usually have full administrative authority for raises or terminations. On compleJC technical 
Wks such as PM work, a good many people may be indispensable, either because their expertise is 
irreplaceable, or because PM schedules have to be met and there is insufficient time to reple.:e 
them. In these circumstances, the maintenance manager must do the following to enhance 'he 
sources of motivation: 

21 



(a) Cnete a ..,. of professionalism. 

There must be a commitment to the standards for task and personnel behavior 
set by professional peers in other maintenance functiOflS. The manager must share 
the same standards so he can act as a natural pace-setter. 

(t.) Provide the basic need to exercise competence. 

Giving people the opponunity to use existing knowledge. to develop ideas. 
and to leave something new. provides a sense of competence and satisfaction which 
in tum strengthens motivation. 

When people are struggling with a job for which they are not sufficiently quali
fied. it is difficult for them to feel confident or competent. When people are in 
idle waiting period. which creates boredom. when they are so overworked that they 
do not have time to do anything well. or when they are uncertain about what is 
expected of them. then their motivation also drops. A workflow that is even in 
volume or only slightly exceeds present capabilities is therefore ide~. In other 
worm. the opportunity to exercise compet£nce requires a fairly precise definition 
of the job. a good match with the ioJividual's capabilities. and a .-easonable work
load. 

(c) Satisfy the need for approval and appreciation. 

Maintenance managers must be sem.itive to and responsive in working with 
maintenal'lCe personnel. Workers and engineers are usually pleased to know that the 
manager values and appreciates both their technical and personal abilities. A genuine 
yet discriminating approval and encouragement will free prople's anxiety over accep
tance of their wo:1c. This enables them to go on performing as well or better even 
when they are tired. Ability to express appreciation articulately and non-verbally 
is a key factor in creating an encouraging climate for subordinates. 

Not too many maintenance managers have the ability to provide clean. rea
listic and positive feedback on subordinates· work. 

Most managers would tend to emphaiize the negative and are embarrased at 
either giving or receiving praise. A conscious effort must be made to overcome this. 

Finally. a manager must learn the "culture" of his organization. In expressing 
approval, he must find the "lan~age" that sounds natural both to the organization 
and to him personally. 

(d) Satisfy long term career self -interest. 

Engineers are attracted to maintenance work when the manager's reputation 
and past success is such that they hope to enhance their own professional reputation 
through both the hi91 quality of work they eAP8'-'"t to accomplish under his direc
tion aoo their association in o job like PM work which they hope to be a major 

success. 
Simil.3rly. people who are looking for career growth and financial rewards in 

the maintenance organization tend to be keenly aware of the effects of present 
performance on future assignments. To create optimum balance between personal 
aspiration and job needs. the manager must find time to discuss with his people 
their career plans and to listen to what they have to sa·., about them. People are 
likely to be motivated as much by the lmowledge that their manager is making an 
effon to understand and uke account of their interests as they are by any actual 
opportunities for growth that managers offer them. 
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(e) Establish proper working .-elatiomhips 

Managers must avoid damaging people's sense of confidence and competence 
even to the extent of giving recognition for su~I efforts. This i. a basic element 
in encouraging creativity - the highest level of motivation. 

Another key element in establishing proper working relationship is the proper 
use of leadership style - the manager's ability !o distinguish between the "idea-gene
rating" and "decision-making" periods as they occur ao1 alternate in his organization: 
to determine how much overlap he wishes to encourage between them; and find ways 
of relating to suborrlinates according to their engagement in either of these phases. 
The manager needs to orchestrate the two appropriately. For while being authori
tarian when ideas are needed certainly skills creativity. being appreciative and accep
tant when a major decision is needed can depress prot'f'ess on undertakings. The 
manager's own personal behavior is a very important source of motivation. 

Reactions to the statements in Table 22 can provide an insi!tit into one's atti
tudes and motivations. 

Table 2.2 A Sample Test for Managerial Style 

1. Most people dislike work and will avoid it if they can. (Agree or disagree). 
2. Most people must be coerced, controlled, and threatened to get them to put forth 

adequate effort in achieving organization objectives. (Agree or disagree). 
3. Most people prefer to be directed and wish to avoid responsibility. (Agree or dis· 

agree). 
4. Most people have relatively little ambition and want security above all. (Agree or 

disagree). 
5. Expenditure of physical and mental effort in work is as natural as play or rest. (Ag

ree or disagree~. 
6. Man will exercise self-direction and self-control in the service of objectives to which 

he is committed. (Agree or disayree). 
7. Most people can learn, ur.der proper conditions, not only to accept but to seek res

ponsibility. (Agree or disagree). 
8. The capacity to exercise imagination, ingenuity. and creativity in the solution of prob

lems is widely, not narrowly, distributed in the population. (Agree or disagree). 
9. Under conditions of modern industrial life, the intellectual potentials of the average 

person are only partially utiiized. (AgreP. or disagree). 

Agreement with statements 1 to 4 indicate the philosophy of a manager who tends 
to use authoritarian methods. Statements 5 to 10 embody the philosophy of a monager 
who believes in participative practices. People will not work effectively for dictators. 
They will work effectively if they feel they particiJ:;ate in decisions. 

2.5 CONTROL AND EVALUATION OF PM 

In preventive maintenance control, the first step to take is the definition of responsibi· 
lities within both the Maintenance Department and Production Department. Eff P.Ctive control 
and evaluation of PM require four elements: 
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(a) O..m111ion of ........ nporta. 

As applied to PM, reports to cover the various management functions should 
include those listed in Table 2.3. 

Table 2.3 Reports at Various Phws of the PM froarllD 

Planning and 
Scheduling 

Work Assignments 

Work Measurement 

Evaluation and 
Control 

Equipment Records 
PM Schedules 
PM Labor/Material 

Forecast 
PM Feedback Reports 

Work Orders 
Manpower/Material/ 
Equipment Allocation 

Cost by equipment 
and by categOry 

Labor Usage 
Materials Usage 

Status Reports 
Efficiency Reports 
Backlog Reports 
Failure Trends 
Failure Analysis 
Cost Trends 

Supervisors 
Superintendents 

Supervisors 
Superintendents 

Supervisors 

Superintendents 

Superintendents 
Managers 

(b) Periodic review of PM with operating department manager 

Ideally, aside from weekly review of failures, it should be made a policy to con· 
duct a semi-annual or quarterly re11iew of the entire PM program by the manager of 
each department. Basically, the review should consist of: 

(1) Thorough review of all records by the production department manager including 
individual PM cards and unit equipment records. 

(2) Re<1iew of repair costs. 
(3) Review of "production lost" because of maintenance work or breakdowns. 
(4) Review of backlog of repair work and readjustment or priorities as needed. 
(5) Review of ant1cipated or scheduled "shutd"wns" and "overhauls". 

(c) RevitM of Reports 

The following is what to look for in reviewing monthly reports: 

(1) Number of in1P11Ctio111 incomplete. If there are several outstanding inspections, 
this may indicate a lack of priority given to preventive maintenance or a possible 
need for assistance by the maintenance department to make the inspection, 
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_, 
especially for "unattended" umts. As a general rule the incomplete inspections 
should be m2Ximum of only 10 per cent of the inspections scheduled. 

(2) Nt....,,ber of jobs f'flfUlting. Since the inspection is the backbone of any preven
tive maintenance program. the number of jobs resulting should indicate how 
good the inspections are. In general. the number of jobs resulting should be 20 
to 30 per cent of the inspection completed. This is referred to as the "R" fac
tor. If the frequency of inspections is correct. the ''R •• factor for a particular 
plant should be fairly constant. If there are drastic fluctuations in the jobs 
resulting. there may be 11 need to investigate the reason for this. The jobs 
resulting from the inspections should be completed within the current month. 

(3) Jobs incomplete. There should be no jobs incomplete for any particular month. 
If there are. the following conditions may exist: 

o Repair work is being reported too late in the mor.th to be completed. 
o If the jobs resulting are being reported early and still incomplete by the 

end of the month. then there may be trouble with the planning and sched
uling program. 

o Jobs resulting are not getting their deserved priority; jobs resulting should 
be given prior:ty I or II classification. 

(4) Number of breakdowns. Over a period of time this figure should be a decrea
sing number. If an increase is noted. immediate investigation is compulsory. 
If the number of breakdowns is too low to be realistic. then it is apparent 
that they are not being reported. All breakdowns should be reported. 

(5) Failure analysis. Look for the foll.wving items: 

o Check the amount of hours lost and production lost as compared to pre

vious months. 
o Are repetitive breakdowns occuring? If so. are they being analyzed and 

is corrective action being planned? 
o Are descriptions of breakdowns adequate for future reference? 
o Each breakdown should have an entry m the corrective maintenance co

lumn. either a full description of corrective maintenance required or the 

word "none". 
o Are the corrective maintenance suggestions being followed up? Job 

sheets should be written by the end of the current month. 

(d) A1111ytiC81 EalUltion 

This involves. basically, the relationships among: 

(1) the number of inspections completed 
(2) the number of jobs resulting 
(3) and the number of breakdowns 

Since the number of inspections completed directly affects the number of jobs 
resulting, it is desirable to have a fairly constant number of inspections completed so 
that the number of Jobs resulting will not change drastically from month to 
month. The number of breakdowns decreases as the number of jobs resulting increa· 
ses. This inverse proportion is the objective of PM. The following formulas are 
commonly used for evaluatinq PM programs: 
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Inspections incomplete 
>' 100 = 10 percent 

Inspections scheduled 

Jobs resulting 
x 100 = 20 to 30 percent 

Inspections completed 

The effectiveness of preventive maintenance is reflected in the ability to plan 
and schedule maintenance work. The scheduling performance is dependent upon the 
effectiveness of the productior. schedule, on the prelientive maintenance program, and 
on planning. The production schedule controls the down time oi equipment, which 
permits work to be forecast. A good preventive maintenance program will locate and 
correct equipment failures before a breakdown occurs. The planning effectiven~ss will 
be ref:l'Cted in the scheduling performance since the estimated labor requirements 
constitute the basis tor the weekly forecast. Scheduling performance is calculated 

as in the accompanying formula. 

Hours worked as forecast jobs 
x 100 = Percentage of Performance 

Total hours worked 

When the percentage of performance is plotted on a graph, it indicates either 
an increasing or a decreasing trend. The trend sho·.' · be increasing or should be 
stabilized above 80 per cent. If it is not, then an i1 ;tigation should be made to 
see if it is being affected by interruptions in the schedu!es that can be attributed 

to breakdowns. 
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<.HAPTER l·-----------· 

Mailtainability, Lifecycle Costiag a.Ill Failure Amlysis 

3.1 MAINTAINABILITY AS A FACTOR IN EQUIPMENT DESIGN 

n equipment design. maintainability should be given equal importance as technical perfor
mance. reliability. quality and safety. It is not unusual to find several junked but still servicemle 
equipment around because maintainability was not given due consideration at the design stage. 
Design features related to maintainabiiity must ensure that the equipment would last up to its 
expecterl life with normal ~ion and maintenance. 

The prevention of excessive maintenance costs begins with design. Maintenance costs •e 
affected by such things as: 

a. Equipment standardization 
b. Parts interchar.geability 
c. Service accessibility 
d. Selection of materials known to perform well in the l~I environment 

While these factors are v&ry familiar to designers. there is a need for a clear guide to ensure 
that they are actually incorporated in the desi!Jl. This should also be useful in analyzing the 
maintainability of equipment to be purchased. and to iOme extent. of existing installations as well. 
Figure 3.1 provides suci1 a guide. It outlines the essential tasks to be undertaken and the corres· 
ponding major outputs in considering the maintainability factor in th~ design proc.,,ss. This 
guide should interface with other steps in design. 

The first step is to conduct a maintainability analysis. a process of tran'iiating the following 
information into detailed qualitative and quantitative design criteria: 

a. Preliminary equipment design data 
b. lnf<Kmation on other factors/activities that affect equipment design 
c. Information and constraints in procurement terms. 

From these information and criteria. an effective and economical maintenance concept 
should be formulated. On the basis of this concept. the detailed maintenar.ce plan can be made. 
This plan includes enou~ information on each type of scheduled maintenance activity such as: 

a. Depth and frequency of maintenance requirements 
b. Faciiities. support equipment and tools required 
c. Needed maintP.nance skills. 

In establishing maintainability design criteria. the general maintainability guidelines shown 
in Table 3.1 as well • the more detailed checklist in Apper.dix IV may be used as reference. 

Any design changes made should be reflected in the maintainability analysis. In many cases. 
it is more cost effective to adopt features which reduce repair time than those that decrease the 
frequency of conducting repairs. 

Design reviews should be conducted either formally or informally to ensure that the design 
metts the maintainability requirements. 

29 

, - _, ________ _ 



TASKS 

PERFORM 
llAllllTAINABt!..ITY 
ANALYSIS 

PREPARElllll'UTS 
TO MAINTENANCE 
CONCEPT FLAN 

ESTABLISH 
MAINTAINABILITY 
DESIGN CRITERIA 

PERFORM DESIGN 
TRAOEOFFS 

PREDICT 
llAINT AllV.BILI TY 
PARAMETER VALUES 

INCORPORATE 
MAINTAINABILITY 
REQUIREMENTS iNCLUDING 
SliBCONTRACT & 
VENDOR SPECS. 

INTEGRATE 
REQUIRED 
ASSOCIATED 
EQUIPMENT 

PARTICIPATE IN DESIGN 
REVIEWS 

ESTABLISH SYSTEM 
FOR DATA COLl.ECTION 
AND ANAL YSfS 

REPORT ON STATUS 

MAJOR OUTPUTS 

ESTABLISM QUANTITATIVE AND QUALITATIVE 
MAINTAINABILITY REQUIREMENTS 

DETAILED MAINTENANCE CONCEPT FOR EQUIPMENT 
DESIGN 

DETAILED MAINTAINABILITY DESIGN CRITERIA 
AND REQUIREMENTS 

ANY L·ESIGN CHANGES 

PARAMETER VALUES TO BE USED FOR EVALUATION 
OF PROPOSED DESIGNS 

ASSURANCE OF SUBCONTRACTOR AND VENDOR 
COlllFLIANCE WITH All MAINTAINABILITY REQUIREMENTS 

QUANTITATIVE REQUIREMENTS FOR CONTRACT 
SPECIFICATIONS 

EFJECTSOF DESIGN CHANGES ON MAINTAINABILITY 
DESl.::N REQUIREMENTS 

DATA COLLECTION FOR PREDICTION AND 
DEMONSTRATION OF EQUIPM£NT 

VERIFICATION FOR ACHIEVING MAINTAINABILITY 
DESIGN REQUIREMENTS 

ACCOUNTING OF THE REQUIRED, ALLOCATED, 
PREDICTED AND OBSERVED VALUES OF 
MAINTAINABIUTY REQUIREMENTS 

Fisure 3.1 Main Ta•• and Outputs of Equipment Maintainability Design 

Sour« : Rdtrtn~-e J 
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A data collection and mllysis system should be prepsed. to be used in: 

a. making predictions on equipment mmntminlbility during the design stage; and 

b. evaluation of equipment demonstntion test results. 
Once 1he equipment h• been designed Md built. • maintainability demonstration test 

should be conducted either in an operatioMI or a simulated environment. This is i~ated 
with oth'?f' testing requirements for prototype technical perform.a. production Ind aa:eptance 
testing. Maintainability demot"!Stntion test procedures outiinsd in Reference 4 may be followed. 
The conduct of 1he demonstration test should indude the following (Reference 2); 

a. Demonstration conditions: 
1. Quantitative maintainability requirements 

2. Maintenmce concept 

3. Maintenance ~onstration environment 
4. Level (s) of maintenance to be demonstrated 

5. DemonsbatioP sites 
6. Facility requ;~ts 

7. Partici~!:\g agencies 
8. Mode of operation for the demonstration tests 
9. Items to be Sdbjected to demonstration tests 

b. Simulat!on of faults or failures. Fault simulation is ust'ally done by introducing 
faulty parts and deliberate misalignment. Failure modes and simulation activities 
should be decided by the designer and the user such that the equipment will not be da-

maged during the test. 
As earlier mentioned. the demonstration test data would be used to verify the parameter 

values established in the maintainability analysis and the maintainability predictions. These 

data should include the following: 

a. All maintainability test data collected 
b. Factors that influence the data 
c. Analysis of data 
d. Results of the demonstration 
e. Assessment of qualitative factors 

f. Deficiencies 
g. Recommendations for: 

1. Correcting deficiencies 
2. Sl:ggest,ng improvements 

h. Results of retest. if available. 

3.2 THE LIFE CYCLE COSTING CONCEPT 

It is commonplace for many industries to purchase equipment based on lowest first cost. 
Specifications are sent to eQbipment suppliers and the lowest bidder who meets the specs wins the 
job, with no consideration for rec•ming costs during operation of the equipment. 

A better basis for purchase decision is the life cyde cost (LCC). It refers to the total cost 

associated with the acquisition and use of an equipment throutttout its lifetime. Operational, 

maintenance and energy com are considered in the purchase decision. 

The following is a list of factors considered for the entire life of the equipment: 

a. Initial costs - including freight and installation 
b. Training costs - for equipment operators 

c. Energy costs 
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Table 3.1 Gmeni Mailltailulbiily ~Guidelines 
Soura: Rci~ttn,·~ J 

t. RedlKecomplpity of......._ t.o/: 

2.. ft.a..,. ....... fur ... fneqmncy 

ofck"~INin

Ktiwit es by usi"!F 

4. Reduce duign-dictMecl man
supp?rt costs by reducift9: 

SpecificC -. ..... 

.. PrcMdint ..... .asibiliry ~ 

clar.-
b. ..__,,,far -~ity 

Of lib c:ampolMilS. wials. 
per1S wi1hin ... ~ 

c.. Utilizifts mndlnl Pl'1S and 
~ .............. 

cl limitint Ille number and wsidy 

of IDOis. -a.s and IUPPO't 
equipment 

•- Etmlring campMibiliry among 
...,._, ... facilities 

iL f ail.gfR fH1urG 
b. Componmts wllidi rwquire litde 

or -poewww1tift !Nin-
e.. Toleranas wnidi Ila. for use 

and - tlwau!#lout lit. 
d. ~ currosion po-ewention andlo< 

contrOI tururn 

a. Rapid ..i positift dda:tVI of 

equipment malfunction or l*for· 

- degradation 
b. RZl)id ...i aimp1ete preparation 

to begin manteNnee tas 
c.. Rapid and positift loalintion 

of malfcnc1icns to the repr 
left! of which tltilb. spares. 
and teSt equipment se pl.-e<t 

d. &le of fadt correction 
e. Rapid llnd positift adjustment and 

Qlibrati.>n 
f. Rapid ... iM)Sit- ftt'ifialion 

of correction 

a. The need for si-illind r ..-int~ 
took. support equipment ... fKili· 

t•es 
b. The requirements for depot or factory 

maintenance. consisc.nt with system! 
a.st effect~ 

c. The need for exwnsift maintenMCe 
technial IUU. 

-----------------------------------·-
5. limit manteMnee personnel 

rwquir_,m by applying: 

e. ffecluce 111e potlfltill tor mantenanee 
error by c1esi9ning to elimilW!e 

a. ldentifiulion and accessibility 
of pans. test points. adjustments 
and corrections 

b. Easy handling. moti;lity. transpor 
tability llnd storeabihcy 

c. \.oglally MqUffr. 8d main
lllks 

d. A fe.ible range of rela,,ant 
personnel physiological.,.,._.~ 

a. Tl'e PDf'lbility of incorrct conn«· 
tion. MNlllbly. and insClllation 

~- AwkwMd and tllllious imint-"Ce 
talks 

c. Ambiguity in maintenance Jlbef1ng 
coding. and r«ruirld technical do· 
cumentation .._ ____ ~ ___________ _.. _______________ . __ ~-~ 



d. Opention and maint.....:e costs - labor • .-u. technical service 
e. Disposal costs at the end of life Md/OI Ylvagt value 
f. Useful life of the equipment 
g. Escalation rates - estimated inflation rates to calculate future costs (rates may 'lllY 

for ach cost item) 
h. Discount rate - the rate used in computing th .. present value of all costs and benefits 

for the entire life. 

The last two factors are used in adjusting the cost items to the same referel...:e time in which 
the total costs are compared. LCC analysis may use Net Present Value (NPV) and Internal Rate 
of Return (IRR) methods of evaluation. 

In estimating maintenance costs. a level of repair (LOR) must be determined for each 
component or assembly. LOR sets the threshold level for repairs beyond which replacement is 
resortad to. Thus. repair and replacement cost components of maintenance can be estimated. 
The elements which are considered in determining LOR include the following (Reference 2): 

a. Number and QeC9aphical/distribution of using locations 
b. Replacement parts 

1. Procurement 
2. Storage 
3. T ranspt'rtation 
4. Handling 

c. Repair facilities 
d. Tools and test equipm~t 
e. labor 
f. Records and administration 

Life cyde costing is useful not only in making purchase decisions between different equip
ment sources but also against other means of acquisition. namely. leasing and rental. 

3.3 FAILURE ANALYSIS 

Analysis of equipment breakdown is essential to determine the cause of the failure so as 
to prevent it from recurring. Correct analysis can lead to improved safety. better materials or 
methods and better serv~ life - with a~ant higher production rates. Failure analysis 
is one ar~a of preventive maintenance which can show appreciable monetary savings to manage
ment. 

The typei of failure data for analysis are: 

a. Overall failure rates 
b. Failure rates on individual failure modes. Some important categories of failure modes 

are: 
1. condition 
2. performance 
3. safety 
4. detection 

c. Variation of failure rates with time 
d. Repair times 

In the failure category based on condition. the failure mode can be exemplified by a faulty 
seal on a pump or by a defective gearbox. It is this category that is normally used in preventive 
maintenance. 

Failures dassified by performance ere shown by 1 pump's inability to give the specified 
head or by • heat exchanger not providing the required heat transfer. The safety category makes 
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a distinction between fail-safe and fai•-danger types of failure. The detection dassification a;-, 

be a revealed or unrevealed failure. 

The sources of failure data are 1he equipment literature. data banks or within the works. 
One data is the Systems Reliability Service in \he U.K. It has an Event Data StorP. of basic faults. 
failure rates and repair times. 

Collection of data within the plant must be dutgned appropriately. Failures of plant equip
ment should be recorded and investigated so that they can be analyzed and th.'ted upon. 

3.3.2 Dill'-* Ploadure 

A diagnostic procedure for data collection and ar.alysis of failure is shown in Figure 3.2. The 
first stage is inspection which includes observations of CO:or. corrosion products. presence of 
foreign material. dimensions. fracture characteristics. surface roughness and other phenomena. 

The second stage is the investigation of the history of the component or equipment involved. 

Source: Rd"rrenae S 

1-1---
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After inspectiol1 and history irwestigltion. diagnosis is conducted. Diagnostic procedures 
for quick analysis are available. A more accurate analysis is done with the use of appropriate 
instruments. Condition monitoring t!Chniques and instruments are discusvd in <J.apter 4. The 
fir.al Sb!I> is me preparation of the report which serves as the formal basis for mainteNnce works 
on the equipment. 

The data also serve as inputs for reliability calculations which are conducted in large imtal
lations. 

3.4 USE OF FAULT TREE DIAGRAM 

3.4.1 Descaiptiun 

The graphical methods used in the assessment of failures and hazards include (1) a full 
unsteady-state model. (2) fault tree. (3) event tree. and (4) cause consequence diagram. The 
fault tree is the most widely used method and will be substantively described here. 

The full unsteady-state model puts together the state of continuous variables in a conti· 
nuum and is not made discrete. preserves the time delay and time order of events. including 
repairs. 

An event tree starts with a bottom event. which is usually a fault event and is developed 
upwards to obtain the possible consequence events. A ca~ence diagram starts with a 
critical event. which is normally a fault or deviation event and is developed in both directions 
to obtain both the cause events and the consequence events. These methods are discussed in 
Reference 6. 

A fault tree starts with a top event. which is a fault or undesirable event and is developed 
downwards to obtain the possible main cause events. Figure 3.3 shows the symbols used in the 
construction of a fau!c tree diagram. Its application for analyzing the possible causes of the ovr.· 
heating of a motor is illustrated in Figure 3.4. The fault tree diagram for the explosion of a com
pressed air tank is shown in Figure 3.5. 

The ad¥2ntages of using fault tree analysis are: 

(a) It leads to the identification of the cauteS of failure; 
(b) Points out the asl)'!Cts of the system which are important with respect to the failure 

involved; 
(c) Allows the analyst to concentrate on one particular system failure at a time; 
(d) In its graphical form, it gives a quick and systematic grasp of the sequence of causes 

which lead to failure; 
(e) It provides the analyst a genuine insi9't into system behavior; 
(f) It provides options for qualitative or quantitative system reliability analysis. 

Developments in the fault tree methodol<>g'/ are described in Reference 1. The basic step£ 
in fault tre1 analysis are: 

(a) System definition 
(b) Fault tree construction 
(c) Qualitative evaluation 
(d) Quantitative evaluation 

System definition is the most difficult part of the 1nalysis. Physical boundaries need to be 
drawn carefully and system interrelationships must be thoroughly understood. 

A fault trlf. deals with only one top event. Thus, for 1 comprehensive analysis of f1ilures 
and hazards, a fault tree must be constructed for all si.,..ificant events. 
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The fault tree draws attention to features which should be considered in des!gn. It also 
brings out unrevealed faults which would require periodic inspection. Some groups of faults 
may have one common cause of failure such as dirt in Figure 3.5 This should be given more 
attention in preventive maintenance work. 

The pcmibility of the occurence of the top e~t failure can be calculated using the fault 
tree if probabilities of the sub-events are estimated. If necessary, a Monte Carlo simulation 
go be dooe to generat< :xobabilitt values for the primary failures, and the probability of the 
top event can be evaluated using these values. 

LOGIC SYMBOLS 

EVIEllT SYl9C)LS 

NAME ANO MEANING OF 
SYMBOLS 

AND tot• 
Output exists anly if 
all i,.uts eais t 

OR gate 
OUtput uisu if any 
GM inpute.ists 

INHBIT141'9 
OUtput equals -.Ut if 
candition iRput satisfied 

DELAY gate 
OUtput uists oftw delay 
tae l'l.JS elapsed 

RECTANGLE 
Fault event usually 
resulting frocn •or• llClsic 
fault-ti 

CIRCLE 
Prinlory foHur• 

DIAMOND 
Fault event nor 
develOped ro ifs cause 

CIRCLE WITHIN 
DIAMOND 

Fault event developed 
in another fault trH 
and here inHrted as if 
it -r• a primary fallUr• 

OIAMOND WITHIN 
DIAMOND 

Fault event requlrint 
to lie developed furtller 
in order to COlltPl•te tM tree 

HOUR 
Evant nor•ol IJ expected 
to oc:c:ur 

TRtAN8LE 
Tronafer In 

Transfer our 

Figure 3.3 Fault Tree LoP: and Event Symbols 
Source: Reference 6 
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3.4.2 MininH:m Cut Sets 
A powerful means of analyzing a fault tree is to obtain minimum cut sets. A cut set of 

primary failures or undeveloped faults which can give rise to the top event. A minimum cut set 
is the smallest possible set, i.e., it does not contain another cut set within itself. 

To illustrate the use of this method, let us use Figure 3.4 to analyze the overheating of a 
motor. The data inputs and gates are tabulate<.: as follows: 

Gate 
A 
B 
c 

Gate Type No. of Inputs 
OR 2 

AND 2 
OR 2 

SWITCH 

--POWER T SUPPLY 

VM 
WIRE 

la> 

MOTOR 
OVERHEATS 

EXCESSIVE 
CURRENT I~ 
CIRCUIT 

(b) 

Input 
1 
c 
4 

FUSE 

EXCESSIVE 
CURRENT n> 
MOTOR 

Code No. 
3 
2 
3 

MOTOR 

F;~: I TO OPEN 

PRIMA9Y FUSE 
FAILURE 
CCLOSEDI 
(2) 

Figure 3.4 (a) Motor System and (b) Fault Tr~ for Overheating of the Motor 
Source: Reference 6 
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A• C:O•PHSSOlt 

Aia FLOW lllTO llECEIYER 
EXCEEDS FLOW OUT AT 
PHSSUllE D&llel!lt LEVEL 

(aJ 

HCEhlER 
EXPLODES 

PRHSUM ltOUCllle 
VALVE FLOW LESS 

PltESSUllE COllTROI. 
LOOP CAUSES 

TIWI CGmPllPSOlt !'LOW CO tPltESSOlt TO ltUll 

T 

PllESSUllE llEUU llM.VE NILS 
TO e!VE AKCIUATI! DISCM.ueE 
AT PRESSURE DM.iER LEVEL 

• H 

OTHER 
CAUSES 

SUI TREE 

llllTRUMEllT Allt 
SYSTl!:M PHSSUltE 
AlllOltllALLT ~W 

OTHO CAUSES 

I 

' 

•• 

Alll FLOW OUT OF Allt 
l"llTI• llOltMAL llUT 

,. 

FLOW Ill AlllOltMALLT LOW 

HE suaTltU 

(!>) 

PRESSURE llEDUC:llUI VALVE 
PARTIALLY Olt CO ... LETELT 
SEIZED SHUT Olt BLOCKED 

c D 

Figure 3.S (a) Diagram of Compressed Air System and (b) Fault Tree for Explosion of Air Tank 
Source: Reference 6 
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The analysis starts with the evaluation of the first gate. gate A and proceeds downw.-d. 
This procedure is based on the suc:cessive elimination of causes to obtain the minimum cut $et. 
This is illustrated in Figure 3.6. 

A 

1. The first 
gate A is 
put in the 
top left· 
hand corner 

1 

B 
~--1----1 

2. A is an OR 
gate and is 
replaced by 
its inputs 
vertically 

1 

c 2 

3. Bis an ANO 
gate and is 
replaced by 
its inputs 
horizontally 

1 

4 2 

3 2 

4. C is an OR 
gate and is 
replaced b'/ 
its inputs 
vertically 

Figure 3.6 Minimum Cut Set Analysis of Fault Tree in Figure 3.4 

It should be noted that when C is replaced by 4 and 3. the event 2 is listed with 
both events 4 and 3. The minimum cut sets are then 

(1 ); (4,2); (3. 2) 

This means that overheatir.g of the motor can bog caused by either of the following events: 

(a) Primary motor failure (1) 
(b) Primary power supply failure (4) and primary fuse failure (2) 

(c) Primary wiring failure (3) and primary fuse failure (2) 

Other methods of determining the minimum cut set are described in References 6 and 7. 

The construction of fault trees is a time consuming task and could be developed to have 
complicated branches. A practical procedure is to decorr pose the system into its individual 
components and mini-fault trees are constructed. The ove1·all fault tree is drawn by indicating 
as inputs the smaller component outputs. 
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Cooditian Monitoring 

4.1 DESCRIPTION AND SIGNIFICA~CE 

Condition monitoring is the inspection and measurement of som1: paramE.ters which give 
an indication of the condition of equipment. Preventive mainten:ince is carried out in response 
to an indicated deterioration of a unit's condition. 

There are twc types of cond!tion monitoring: {a) on·load monitoring, which is carried 
ot.t while the unit is in operation, and (b) off-load monitoring, which can be done only when the 
equipment is shut off from service. General purpose monitoring techniques may serve either on· 
load or off-load monitoring. 

Condition monitoring is a very efficient approach to preventive mair>tenance. It is more 
adaptable and flexible than the use of statistical failure data as a basis for planned repair or 
replacei"Tient. It provides significant benefits in terms of safety, increased machine availalJility, 
higher rette of net output a~1d improved quality of service (See Table 4.1 ). Condition monitoring 
is cost effective and its level of applicability depends on the nature and size of the industrial 
plant. 

There is no shortage of co"'···ion monitoring techniques. The problem is how to determine 
the appropriate technique, the inspection interval and the action level. 

4.2 CONDITIONS TO BE MONITORED 

The usual conditions that are monitored in industrial equipment and facilities are: 

a. Temperature 
b. Lubricant condition 
c. Leaks 
d. Vibration 
e. Noise 
f. Corrosion 
g. Cracks 

For large machines. specific performance monitoring is normally carried out. The perfor· 
mances moniton!d include: (a) equipment pressure drop, (b) heat exchanger efficiency and (c) 
comprei;sor. turbine characteristic and efficiency. 

4.3 METHODS OF CONDITION MONITORING 

An evaluation of the common methods of condition monitoring is shown in 1 able 4.2. 
This table briefly describes the application of the techr.iqua as to fault diagnosis and extent 
of coverage, provides estimates of the equipment costs and indict1tt:s the level of skills required 
for the operator. 

4.3.1 G•neral Purpose Monitoring Techniques 

The three general purpose monitoring techniques are thermal, vibration and lubricant 
mcnitorinQ. These are used for monitoring chilnges in parameters (temperature, vibration and 
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Safety 

~ 

Output 

Advan•11191 obtained 

-
Reduced injuries and fatal 
accidents to personnel caused 
by machinery 

More 
running 
time 

I 

lncreued 
machine 
availability 

Lm 

-"'-
Table 4.1 Advantages Provided by Condition Monitoring 

Sourl'l': Rd\:r~·111.-e I 

Methods by which condition monitoring gives the18 advantages 

Trend monitoring Condition checking 

Enables phmt to be stopped safely Machine condition, as indicated by 
when instant shutdown is not an alarm is adequate if instant 
permissible shutdown is permitted 

Enables machine ~tiutdown for Allows time between planned 
maintenance to be related to m11chine overhauls to be ma><1mized 
required production or service, and, if necessary, al!ows a 
and various consequenti!li losses machine to be nursed through to 
frorr. unexpected shut downs to be the r.e><t planned overhaul 
avoided 

Enables machine to be shutdown Reduces 1nspect1on time after 
without destruction or major damage shut down and speeds up thr start 
requiring a long repair time of correct remedial action 

--

Maintenance 
T me Enables the maintenance team to be 

ready, with spare parts, to start 
work as soun as machine is shut down 

Allows some types of machine to be 
run at increased load and/or speed 

Increased rate of output Can detect 11•duct1on 1n machine 
efficiency 01 increased energy 
consumption 

------
Allows advanced planning to reduce Can be used 10 reduce the amount 
the effect of impending breakdowns of product or service produced at 

lm;Jroved quality of product 
,")n the customer for the product or sub·standard rwal1ty levels 

or service Service, and thereby enhances 
company reputation 

·--



Method 
On/Off 
load 

1 Visual On 

Off 

2. Temperature On 
tGener:.1 purpose 

techn1qul'I 

3 Lub•1cant On 
monitoring 

tGl'nt • ourpose 

• I techn1q••el 
l'.J 

4. Leak detection On and Off 

5 C1ack detection 

tat Dve penetrant On and Off 

lbl l\.4agne11c flux On dnd Oft 

ICI Ell'Cl11cal On and Off 
'•'\•\tdtH 1· 

ltll Eddy curocnl On and O'f 

Table 4.2 Summary of Condition Monitoring Techniques 
Source: Reference I 

Location of fault 
E<iuipment costs Skill reauired of 
11977 level) Operator 

Surface only nil Predominant Iv 

experience 

Can be extended to Optical probes No spec•al ski Ii 
1nle11c.r com110nents about $900 .: .. qv;red 
cons1der"d at des1g.1 $3500 tl'lf~\il\1()1) 

stage 

Surface or internal Vari11s widely Little skill required 
for most methods 

Any lubricated com· < $90 except for Skill is required to 
ponent · via 1nag11et1c ferrography distinguish between 
plug. fillers or 011 and spectrography damage debris and normal 
samples equipment wear debris 

Any pressure·contaon· <S1800 Skill in u>e of the 
1ng compon@nt spec1ali1ed equipment 

readily acquired 

At clean surface <S90 Some sk 111 required 

Near to clean smooth <S9n Some skill required 
surface Easy to miss crack 

Near to clean smooth <SlBO Some skill required 
\\II f.JU' 

~ear 10 surface Close <S180$1800 Skill essential 
ness ot p101-~ 10 surlacP 
affects res11l1s 

Comments 

Covers a wide range of 

ad hoc methods 

Extensively used in aircraft 

engine industry for "turn 
fOlHHt" H1Sfll'<.11on\ 

instrumen?s range from 

direct readin1: the11nom~t"1 ·, 

10 infra-red scannefs 

Spectrowaph1c and 
ferrographic analysis services 

are avail~ble to show what 

elements are present 

Only detects crack~ break· 

ing surface 

Limited to magnetic mate· 
rials. Sl!nsitive 10 crack 
orientation 

SPnsitive 10 crack or 1enta· 

tion. Useful for estimating 

crack deptn 

Detects a wide range of 
rnattinal discon1inuitie1; 
cracks, 1nc:lu\lor::. hardneu. 

etc. 



Cont. (Table 4.2) 

Method 
On/off Loution of f1Ult 

EqulplMftt .n1 Skill rwquirecl of 
Comment• 

!old ('977 leftll oper8tor 

tel Ultrnon1c On Ind Off Anywhere in 1ny compo· SIJ00.$1800 Skill n11ntl1I If Dlrectlon1I sen1ltiv!ty 
nenl 10 which there is IB1ttery operetedl creeks not to bit therefore general 11erchn 
ecca1 vii! 1 cl11n overlook Id lt119thy. Used 10 beek up 
smooth 1urfec1 dilignonic t1chniqu11 

lfl ReJ~lphy Ott Acet11 10 both sidn >1860 Con1ider1bl1 skill Covers wh.in plent 1trippld 
nte111ery required in setting up time. Security requirlld 

•nd interpreting rtdiogr1ph1 bec.tUll of rtdiltlon huerd. 
Limited to 11ctlon1 less thin 
65 mm (llHI) 

8. Vit>;-1tion On Ind Off Any moving component. >1860 Some skill requirld Methods vary from the 1imp!e 
mon11or1ng Any object con11ining to the sophllliceted. 
lttntrll purpo11 moving perts. Tr1n1· Routine m111urem1nu taken 
tedlnoauel. ductr pl~ in ~lh of r1pidfy Ind do not 1ff1CI 

• I tot1I 1ign1I, v1br1t1on 1r1n1mi11ion, oper11ion of 1h1 m1chine 
w blind frequency • .g. be1ring housing 

1. Corro11()n tn p1p11 Ind v1111fs 
Mon1tor1ng 

111 Corrosometer On Po1en11ome1er Some skill required Will d111ct 1 µ m corro11on 
lelectric1I element I <S350 1011 

lbl Pol1roa1ion On Meters Some skiff required Only indicates 1h11 corrosion 
re111t1nce $900 is occuring 
end corrosion 
pot1nt11I 

lcl Hydr091f1 On $200 No skill Hydrogen evolved diffu111 
probe Ind c1u111 pressure ri11 

(di Probe ind• On - Skill requirtd on Indicates whtm pr1Ht 1mount 
c1tor holes drilling to e1u1c1 of corrosion h11 occurld 

l11pth 
l•I W.911 loss Off - Monitored when pl1n1 uripptd 

coupons down 

lfl Ultr1wn1cs Off $9001800 Skill euenti1I Will detect 0.5 mm thinning 



lubricant condition) and not actual changes i•; the component involved (e.g .• cracks. corrosion. 
etc.>. A comparison of these methods is shown in Tallie 4.3. 

(a) Thermal Monitoring 

Malfunctions that can be detected from temperatu;e changes and the corresponding 
appropriate monitoring techniques are described in Table 4.4. 

Thermal monitoring measures either surface or immersion temperature. The latter 
describes termperature monitoring d~ points within the body of the plant like boiler water 
temperature. Surface measurements indicate heat transmission from inside an equipment to 
its surface or to heat exchangers. Surfact: temperatures are more difficul! to monitor. For 
this reason. surface thermal monitoring techniques are limited to smaH devices like thermo· 
couples or non-contact instruments such as radi1tion meters. Temperature sensors are of 
two general classifications: contact and non-contact. 

( 1 ) Contact Sensors. The temperature sensors most c~monly used for maitenance 
diagnos1tics are thermocouples, temperature paints, crayom a11d pellets. 

i. Thermocouple sensors. These are the smallest and most adaptable sensors and 
can be used for high temperatures. Two dissimilar metill wires are joined at the 
point of contact. The temperature gene~ates a thermoelectric potential across 
the wires and is measured by a voltmeter or a potentiometer. which is calibrated 
to indicate tempercaure reading. Thermocouple sensors are applicable for sur
face measurements. 

ii. Temperature paints, cray!Jns, and pellets. These devices indicate temperature 
by their change of color. Pellets indicate temperaturE' by melting. Materials 
are available for a temperature range of 40 -1400 -°C in steps of 3 °C at low
er temperatures to 30 °C at the higher end. Accuracy is approximately 2% 
or 5 °C. 

(2) Non-contact Sensors. Nc1r.-<:ontact sensors indicate temperature by measuri11.y the 
heat radiation from a bcdy. The main source of inaccuracy is the variation in the 
emissivity. These devices are used to measure very higt-. temperatures. Under this clas
sification are thE' following devices: 
1. Optical pyromeier. This instrument uses a heated filament for comparison 

with the color of ~he hot surface or gas whose temperature is to be measured. 
Accuracy is about 2%. This device is the least expensive among the three types 
of non - contact sensors described here. 

ii. Radiation pyrometer. This uses thermoµiies or lead - sulphide cells to mea
sure heat rCK.iicsiiun. Tln:: ic.-t1t.Jt:i"ci\Uti: ;a;;~ ;: ;bcu~ 50 - 4000 uc, with an ac· 
curacy of 2%. The viewing angle for radiation pyrometers varies from 3° to 

15 °c. 
iii. Scanning Infrared Camera. This device scans a field of view and displays the 

thermal profile on a TV monitor. The range is 20- 2000 °C. This is a very ex
pensive equipment and is useful for locating hot spots. 

(bl Vibration and Noise Monitoring 

Just by the human senses, significant vibrations and noise can be easily detected. 
It must be noted that decrease in vibration and noise can also mean incipient trouble, 
as in the stoppage of a cooling ran which later results in overheating. 

Sources of vibrations include the following: 

( 1 I unbalanced rotating parts 
(21 accelerated linear movement~ of components and materials 
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• v. 

Medium for 
transmission 
ot information 
through 
machine 

Componants 
monitored 

Fault' detected 

Monitoring 
equipment 

Table 4.3 Compuison uf General Purpose C:ondition·Monitoring Techniques 
Source: Rcfcn:ncc I 

Thermal moriitMing 

Soiid · casin•J, shaft uody 

Fluid · lubri•:ant, cooling water 
or air 
Depends on thermal conductivity 

Any heat ge'lerating devices (com· 
bustion in c•1linder or electrically 
generated hut in motor). 
Condition of bearings. Fluid 
flow in heat exchangers (fouling 
of passages) 

Failure of d1 ives, blockage of 
ducts, loss of cooling, fouiing 
of coolers, 1.ver·use te.g., over· 
loading mot:>rs) 

lubricant monitoring 

Oil used for lubrication .md/or 
cooling 

Depends on lubricant being pumped 
round the machine 

Any compor.ent which is lubricated 
bearings, transmission components 
(gears, couplings, cams), lubri· 
cation pump 

Any form of wear or failure that 
results in lubricated surfa<.e 
failure. Leakage of other conta· 
minants into lubricant 

Fluid or bimetallic thermometers, On-load removable filters, magnetic 
thermocouples, resistance ph .. gs for visual examination of 
thermometer, thermistor plus debris using microscope, spectro· 
associated instruments, temperatun1 scope for analysis of material in 
paints/crayc ns, infra·red suspension, feiroscope for separating 
detectors, optical pyrometers, d11bris, pressure gauge across I _ infra·rfld scanning camera. filters 

~- Continuous and periodic Primarily perioJic 

Vibration monitoring 

Any solid part of machine 

Depends on elastic and man 
characteristi~s of solids 

Any component that move,, 
surfaces betwt1en components 
with relative motion, clearan· 
ces. 

Change in any moving com· 
ponents, wear or hilure of 
b11.1r1ngs, misbalance, change . 
in clearances 

Acceleromllter plus electronic 
processing equipment to dis· 
ph1y time average values. Fre· 
quency filters and recorders 
to• an111tysi1 of vibr11tions 

Pe~iodic but also cuntinuous 



T8blt 4.4 Some nmaaly-Moailored Malfunctions 
Sc>urcz: Reference 1 

Malfunction 

1. Besing damages 

2. Coolant failure 

3. Incorrect heat 
generation 

4. Build-up of unwanted 
materials 

5. Damage to insulating 
materials 

6. F aulu in electrical 
components 

INliation 

Bearif11 heats up. 

Surface of a component 
heats up. 

Casing surfaces have 
uneven temperatures 

Build-up of sludge or 
sediments in pipe$, 
of ash or dust in 
boilers or ducts, 
and of corrosion by· 
products create 
insulation effect. 

Cracks in refractory 
linings and damage 
to lagging show up 
as hot or cold spou. 

Poor electrical connection 
heats up especially for 
high voltage lines.Failed 
rectifiers, thyristors or 
winding1 show cold 
spots. 
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Use either a surface · 
mounted sensor (e.g., 
a thermocouple) or two 
sensors · one on the 
surface and the other 
below - to indicate tem
perature difference. 

Use a surface-mounted 
sensor. Coolant failure 
may indicate blockage 
of a pipe, valve or fil· 
ter; damaged heat 
exchanger; pump failure; 
internal or drive fault. 

Use a series of thermo
couple sensors, tempe
rature paints or a scan
ning infra-red camera to 
indicote uneven tempera· 
ture distribution and 
changes. 

Use surface temperature 
sensors and note tempe
rature changes (decrease) 
from normal operation. 

It is best to ;..ise a 
scanning infra-red 
camera. 

Use a scanning infra·red 
camera. 



(3} relative motion of adjacent rough surf.:es 
(4) loose fits between mating components 
(5) deflected load bearing components under cyclic loads. 

Machine vibrations cause noise. Noise levels are usuall'y more conveniently measured 
than vibration levels because non~tact sensors are used. However. extraneous noise 
can not be easily isolated and this causes inaccuracy of measurement. Vibration monitoring 
is more selective and can be easily repeated. Thus. vibration monitoring is generally prefer· 
red to noise monitoring. 

The device used for vibration mooitoring is the vibration transducer. The most com
mon type is the piezoelectric accelerometer which is available in small sizes. It is of strong 
construction and wide dynamic and frequency ranges. 

Different vibration monitoring instruments may have different features. Continuous 
monitoring devices are usually equipped with alarm! which are triggered by abnormal vibra· 
tion levels. Some methods used for monitoring vibration are the following: 

(1) Total signal monitoring. This is the most straight-forward technique. The total 
signal picked up by the transducer is amplified. time-averaged and displayed 
on a meter or a recorder. 

(2) Frequency analysis. This method uses an electrical filter network which screens 
the vibration signals picked up by the transducer and selects only the random 
frequency which is indicative of trouble. 

(3) Peak signal monitoring. Machine faults which cause the emission of vibration 
to register peak values are determined. 

(4) Shock pulse monitoring. This method is particularly applicable to monitoring 
bearings. The instrument uses a transducer which resonates at 32 kHz. a fre
quency that is not usually influenced by general machine vibrations. lmpul· 
ses generated by impacts between damaged surfaces are magnified and are 
metered as shock value levels (SVL). 

Table 4.5 serves as a guide for using a shock pulse meter based on the foll01Ning 
equation: 

Rise ;n SVL = Measured SVL • Initial SVL 

(5) Computerized vibration monito;ing. In large installations where plant costs and 
shutdown are high or where many machines are operating. it may be appropriate 
to use 2 computerized system for continuous or scanned vibratiol' monitoring. 
with transducers permanently planted on the machines. 

Table 4.S Shock Val~ Lewis (SVL) Indicating Bearing Condition 

Ri• inSVL 

less than 20 
15. 25 

20-36 
36 ·50 
50-60 

Source: Reference 1 
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a..ing Condition 

Good Condition 
Undamaged bearing but 

lacking lubrication or 
improperly installed 

Damage developing 
Visible damage 
Risk of brelkdown 



Table 4.6 shaNs some commercial vibration monitoring instruments. There are more 
sophisticated and specialized vibration monitoring systems but the meth.xts described above 
are adequate for most requirements. 

The location of tranducers depends on the type of malfunction to be monitored. 
Table 4.7 provides some guides on the location and orientation for mounting transducers. 

Most vibrations are associated with moving mechanical parts. Thus, the most common 
locations for "ibration transducers are the bearings. If the transdu-::er is axially mounted, it 
detects vibrations due to bearing noise and is least affected by shaft imbalance. 

Since the level of vibration measured by a transducer varies with location, the moun
ting point should be clearly marked. Figure 4. 1 shows some ways of locating and mounting 
transducers, namely: the use of center punch marks to identify the site for attaching pointer, 
magnet or lever-grip mounted transducers; a welded or glued mounting block; and the use of 
a threaded Jtole or a stud. 

For machines mounted directly on the factory floor, measured horizcmtal vibrations 
are mcre meaningful. If machines are mounted severa• floors up in " building, horizontal 
vibrations may be difficult to measure accurately as these would be affected by other 
machinery. 

CENTER PUNCHED 
MARKS FOR 
UNAMBIGUOUS 
LOCATION OF THE 
TRANSDUCER 

0 
~-----------

/// ~ MAGNETIC .........__ , o-aASE 
HAND HELD 

~ ~PROVE 

'--1 
7 / -r-r-

/ / / 

I 

-
- -THREADED HOLE (OR STUD> 

@--
ATTACHMENTS FOR MOUNTING A 
TRANSDUCER ON A MOTOR 
BEARING HOUSING 

Figure 4. J Methods o( Locating or Mounting the Tranlducer 
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Table 4.6 Some Coonnercial Vibration Measming Dr:Yices 
(Source: Reference 3 

Name of Instrument 

SPM Shock 
Pulse Meter 

IRD308 

IRD320 

IRD350 

IRD360 

X Recorders 

Noise Meter 

Senices Rendered 

Checking of bearing 
condition 

Vibration meter 

Vibration analysis 

Vibration analysis 
and Balances 

Vibration analysis 

Spectrum analysis 

Measures sound 
pressure levels and 
machinery noise 
analysis 

Applicdion 

Scheduled bearing 
inspection 

For routine measurement 

For vibration analysis 
and fault finding 

Vibration analysis 
and dynamic balancing 
and phase plotting 

For phase studies 

For recording vibration 
signatures 

Noise measurement 

Table 4.7 Characteristics of Some Machine Faults 

1. Rota11ng 
1mb;;lance 

2 Rec1piou11ng 

imbalance 

3. Mechanical 
looseness 

4. Bent shall or 

coupli"9 

5. Misal91mcn1 

8. CraO:ed shaft 
Asymmetric shaft 

Source: Referena: i 

Rotation speed lnl 

In. 2n. Jn. 4n. etc. 

2n.Jn. etc. 

In 

In or 2n. -•imcs 
3n.4n 

1n,2r.,3n 
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R 
B 

R 

B 

R.A 
B 

R 

B 

R.A 
B 

R 

8 

M.c:turwry runn1ng wear or 

*'"" a cut.:al speed Qr> 

~ billanc:e w11h speed. 

mul11plane bal.on<:1ng •• !Mn 

ret!Ulfed 

Fundamental lnl m.oy be 

ba•anced lea.ring only hsgher 
ordns of imbalance 

Affected by 1cmper~ture ...ct 
speed 

Can be caused by thermal 
efflCI~. Often occurs will> 

imbalance 

Common fault. C;.:i be 

,,...eel by ch•actarislics of 

flexib~ couph"IJ' 

Transverse stillness varies 
dirtclion and resul" in 
deflec:11on undet graw11y 



Cont. (Tab'e 4.7) 

7. o.n.wect hydro- a..,. in h.,_ fre-

dyNmicor quencies • cWlris 

hydroaatic cams rutlbing 

8 . .b;rMI hHri-• nn.. n/3 
loolR in shaft 
or housing 

9. ();I film whirl O.Cn to 05r: 

10. Hyshrais whirl Shmft speeds .i-e 
critical 

11. ClmMged rolling Input ITecpncies for 
element bHring bewing c:ompoNnD 

...Shigh~ 

intherange500-

5000 Hz and shock 
pulse detectlble at 
_,, high frequlftCics, 

10 · 100 kHz 

12. D.,..cl. worn 
or mis81igned 

gun 

Tooth meshing frequtne:Y 
+ harmonics thoclt s 

13. D.,..cl belt or Multiple of belt or 

chain driw chainspnd 

14. C.Vitation or Iner- in mid to 

1\lrbulence high fr9<1uencies, 
0.5·10 kHz 

16. °"""""' olades, Iner•- in frequencies -...... lllClc:iated with bl;ida 

tubes. dC. !*ling or vone• 

lheddi119 
18. Elect•ic:al Multiples -;,f supply 

f1Ults fr9<1uency 

A• •••II. 

so 

R 

B 

R 
B 

R 
8 

R 

R,A 

8 

R,A ., 

R 
B 

c 

c 

c 
B 

excitld vibn1tion. Best •teet9d whRn mahirw is 
run~n through re-. 
o.ep era ha small effect 

Samet- red.Iced c:le•ance 
cams reduction in vib,.tion 

due to other effects 

~ affecllld by tempe

rat..-e or centrifugal effects 

Oil ll'-1ies lhornCe tormpe
rat..-el affect whirl 

Duor to hysteristic: damping in 

shaft. bcillld when passing 

through critical sped arll) 

does not dior _.., ., speed is 

incrnsed. To cure. r.educor 
hysteresis or 1ncre- ~atorr· 

nal damping, e.g. bHrings 

lmpKt frequencies for rol· 
ling element di•. d. pitch 

dill. D. conuct angle. 8, 
...s be••ng speed, f. 

Defect in one ball 

'"""' Defect in race 
outer 

f, = ; v ~ d c~s 8] 
Roller be•1ng, B • o? thrust 

ball, 8 • 90" Taper roller 
d is d1a. of roller •t pitch 

dia., 0, and B = incliNtion 

of roller aa15 

Sidebanc: frequencies, detec· 
table with very nari ;,w band 
;inalysers. 1ndic.te gear 
eccentriciry. Increased 
peak to r.m.s. ratio ind•· 
cates damaged teeth 

lndic:at~s. wror19 flow. pas· 
sage block or pasll!IJe damage 

Usoully designed to avoid 

worst frequencies but dam-. 
m.-, induce flow fluctu11ions 

Burnt out phase induces 
cyc!1ng forces. Can also 
cause shaft imbalance 

c·..,.."' 



(c) Lubricant Monitoring 

The condition of used lubricant carries l"Vidence on the condition of the equipment. 
Lubricant examination covers the condition of the oil, the debris deposited and the debris 
:n suspension. It can be carried out during shutdown or while the equipment is in operation. 

The amount of debris entrained in the used oil from new equipment should decrease 
with time. For used machines in good condition, the debris collection should have a fair· 
ly constant amount, size and shape. Table 4.8 provides a guide to equipment condition 
from the shape of these debris. 

Table 4.8 Indications About Equipment Condition from the Shape of Debris in Used Oil 
Source: Reference I 

Debris Shape 

flat-shaped 
spiral shaped 
large and angular 

Indication 

normal wear 
cutting or abrasive wear 
surface fatigue faiiure 

! 

The faults indicated by analysis of oi! debris could indicate bearing damage or damage 
to a sliding or load bearing surface. 

The condition of the oil itself serves as a basis for a;>propriate actions. (See Table 
4.9) 

Debris deposited are relatively large particles which can be collected by filters or mag
netic collectors. 

( 1) Filters. Entrainment of debris in a lubricant filter car be indicated by measur· 
ing the pressure drop across the filter during on-stream operation. During 
shut down or in some cases, even on-load, the filter may be removed and the 
deposited debris taken out for examination under a microscope to deter· 
mine size and shape or with a spectrometer to determine the element content. 

(2) Magnetic Debris Collectors. Magnetic plugs are the common devices used to 
collect ferrous debris. The installation can be rnade so that these plugs are 
removable during operation. Another type of magnetic debris collector which 
can be monitored without removal is also available. 

Debris in suspension are smaller particles entrained in the lubricant. Two methods ara 
generally used for analysis: 

( 1) Spectrographic (or spectrometric) Oil Analysis (SOA). The more common 
acronym is ~OAP, which means Spectrometric Oil Analysis Program. There are 
two types of instruments available: the emission spectrograph and the atomic 
absorption spectrometer. Both instruments indicate which metallic elements 
are present and in what concentrations. However the size and shape of debris 
are not determined by this technique. 

(2) Ferrographic Oil Analysis. This technique consists of the analy~is of an oil 
sample which is made to flow over a substrate and with the use of magnet causes 
the particles to settle according to !:ize distribution and density. The examina· 
tion determines debris concentration, size distribution and shape. 
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Table 4. 9 Used Oil ConcliWns and Conaponding PM Actions 
Source: Reference 1 

Oil mndition 

Foaming 

Emulsion 
o separates 

out readily 

o separates 
with centrifuge 

Darkened color 

4.32. On-Load Monitoring T echniqu• 

c ... 

Excess churning or 
passage under pressure 
thro~ a restriction 

Detergent Contamir .ation 

Water ingested 

Water 

Overheating of system; 
oxidization of the oil 

Combustion or other 
products reaching 
the oil 

Action 

Check systelT• 

Change oil 

Drain off water 

Change oil 

Change oil 

Change oil 

There are several methods of condition monitoring that can be 1Jsed while equipment are 
running. Through direct observation or with the use of instruments, malfunctions can be detec;ted 
from changes of certain parameters. 

(a) Visual, Aural and Tactile Inspection of Accessible Component~. 

Without using any instruments, an operator can easily detect several signs of incipient 
failure. Finger touch can determine relative motion between two adjacent component!". 
Visual examination can detect wear or corrosion debris. Sound is generated from loose 
moving parts. By using optical aids, some inaccessible internal part:s of equipment can be 
examined . The main requirement in using this method effectively is the experienCP. of the 
operatcr. 

(bl Thermal Monitoring 

Appropriate instruments of either contact and non-contact sensor types can be used 
for on-load monitoring of temperature. The most commonly used are contact thermome· 
ters, themocooples. temperature chalks and paints, arid infra-red detectors. This technique 
is discussed in detail in Section 4.3.1. 

(c) Lubricant Monitoring 

Oil condition is normally checked by visual inspection. The common device used to 
indicate entrained debris is the magnetic drain plug. Lubricant monitoring is discussed 
extensively in Section 4.3.1. 
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(d) Leak Detection 

The use of soap and water is the most common technique for leak detection. The 
ultrasonic leak detector senses the high frequency sound generated by fluid leaks through 
holes as small as 50 micrometers under a pressure of 0.1 bar. Halogen testing is another 
leak detection method and uses a search gas introd1Jced inside a system. The presence 
of the gas outside the S';Stem indicates a leak. 

(e) Vibration Monitoring 

Among instrument-aided condition monitoring techniques, vibration measurement has 
the widest application. These applications include the detection of: 

( 1 ) damaged bearing 
(2) damaged transmission components 
(3) shaft misalignments 
(4) cavitation of a pump 
(5) damaged glass 

A substantive discussion on vibration monitoring is given in Section 4.3.1. 

(f) Noise Monitoring 

The technique ot Acoustic Emission (AE) measurement has been developed for noise 
monitoring. It detects short impulsive stress waves that emanate from the source of failure. 
Its applications .. ,.Jude monitoring of ( 1) p;essure vessels, (2) high pressure leaks and 
(3) pump cavitation 

(g) Corrosion Monitoring 

Electrical ResistJncc (ER) Probes and Linear Polarization Probes (LPR) are normally 
used for on-load corrosion monitoring. Sentinel holes drilled from outside a vessel wall 
provide warning that the corrosion allowance thickness has been eaten up. A substantive 
discussion of these techniques is presented in Chapter 6. 

4.3.3 Off-load Monitoring Techniques 

These monitoring techniques are used with the equipment shut off from service, 

(a) Visual, Aural and Tactile Inspection of Normally Inaccessible or Moving Parts 

Visual inspection of gear teeth and other transmission components can indicate 
problems of over-load. fatigue failure, wear and poor lubrication. There are many optical 
instruments used for inspection of off-load equipment. They include: 

( 1 ) borescopes 
(2) fiber optic interoscopes 
(3) tank periscopes 
(4) mirror sets 
(5) closed circuit TV cameras 

(b) Crack Detection 

The point of stress concentration may causa a minute crack growth which is not visi· 
ble to the naked eye. Unless this is checked. it may develop into a serious failure. The 
folowing techniques are u;;ed for crack detection: 

(1) Dye penetration into surface cracks. This makes visible cracks as small as 
0.025 micrometer . 

(2) Flux testing of magnetic materials. Magnetism is induced in the material surface 
using U-type magnets. Magnetic powder spread onto the surface indicate 
the existence of a crack. 
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(3) Electrical ResistdnCf! Testing. Two probes in contact with the su~face of a 
material indicate the existence of a crack ii the measured resistance indicates 
a deviation from the expected value. 

(4) Eddy current testing. This method uses a currer.t·carrying coil placed close to 
the surface to induce eddy currents in the material. The existence of a crack 
is determined by a change in the inductance of the generator coil or by a se
parate search coil. 

(5) Ultrasonic Testing. High frequency sound in the range of 0.25-10 MHz is direc
ted to and reflected from the surface. Non-uniformity of the reflected sound 
indicates imperfections such as cracks. This techniques is applicable to a thick
ness range of 5-15 mm for steel. 

(6) Radiographic examination. X-ray or gamma ray photography is used in this 
method and it usually requires removal of the part to be examined. It is appli
cable for materials with a maximum thickness of 50 mm. 

!c) Leak Detection 

The same methods discussed ;,... Section 4.3.2 are used for off-load leak detection. 
The ultrasonic leak detector can be used for internal components. 

(d) Vibration Testing 

Run-down tests are usually conducted for units taken off service to monitor system 
vibrations. The techniques discussed in Section 4.3.2 are also used for these tests. 

(e) Corrosion Monitoring 

Besides the techniQues mentioned in Section -1.3.2, off-load corrosion monitoring 
methods include ultrasonic measurements, radiography, and the use of corrosion coupons. 
All these are described in Chapter 6. 

4.4 ADOPTING A CONDITION MONITORING PROGRAM 

The following, which is based on Reference 1, is a guide for setting up a condition monitor
ing program: 

(al Select the equipment to be monitored. The main criteria shouad include the progress 
rate of a particular failure, the frequency of equipment breakdown and their effects 
on the plant operations. Initially, one or more of the machines which have bad 
maintenance records should be selected and other equi;:>ment will be included later. 

(b) Determine the type of monitoring required. Periodic measurements are appropri
ate for long term monitoring. Cominuous monitoring provides early warning or 
indications of incipient failure. 

(c) Select. the appropriate instrumenu and train one engineer responsible for monitoring. 
A good rule for selection is to get the simplest instruments appropriate for the needs 
which have provisions for expanding their capability for more complex requirements. 
In any case, the advice of experts and suppliers silou'd be sought. 

(d) Select the locnion of monitor points and choose the interval between periodic 
checks. The pertinent parameter should be determined and the monitor point located 
and oriented accordingly. Interval between checks is usually determined by expe· 
rience or from manufacturer's instructions. 

(ei Determine the nonnll conditions of the machine. Several measurements with proper 
data recording are required to establish which conditions are norrr.; , :ndic ated 
Ly parameters. 
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\ f) Dltennine Ktion when .a.nonnal conditions .. indiatmd. The last step is to es· 
tablish thresholds or tolef"ances or deviation rrom normal conditions and to deter· 
mine the appropriate action required for certain levels af deviation. On this basis. 
a '1ecision can be made at any time whether to continue operation. operate at cer
tain conditions or to shut down. 

The key feature of condition monitoring is the accumulation of data. Only when suffi· 
cient data are collected can normal conditions and allowable deviations be enablished. It is usual 
that redundant measurements are done at the early stages of the program. Redundancy is a.it 

down as experience is gained. 

It must be understood that normal conditions would show that equipment have early 
life defects a1ld final life d?.fects. In between. the normal conditions are indicated by a fairly 

constant le~cl cf the parameter measured. "'."his is illustrated in Figure 4.2. 
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Figure 4.2 Typical Monitored Parameter-Life Curve Condition. Monitoring Engineer Rttom
mends Repair at Measurement 26. Repair Carried out Between Meuuremei •• 28 

and 29. 
Source: Referen~ I 
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Lubrication 

5.1 DESCRIPTION AND SIGNIFICANCE 

5.1.1 Lubrants met Their Functions 

Lubt icatiou is the process of introducing a film of lubricant between two contacting or 
rubbing surf~ of mechanical equipment. This film is either in liquid or solid form. 

The major function of this film is to reduce friction and to reduce wear. Unless an adequate 
lubricant is present between the moving parts that are in contact, friction and wear will be exces· 
sive and the machine wiil soon cease to operate. 

Lubricants also h3Ve other important functions: 

(a) They carry av.ay heat from bearings and running parts; 
(b) They aid in St?aling equipment parts against dirt; 
(c) They protect metal surfaces aga•nst rust and corrosion; 
(d) Sometimes, as in hydraulic equipment, the lubricant actually serves to transmit power 

from one part of a machin.? to another. 

Lubrication of operating equipment is an essential aspect of maintenance. It is an important 
factor in sustaining production, reducing delays, and lowering maintenance costs. 

If an equipment is e:<pected to produce enormous tonnages and operate under increasingly 
heavier loads, it is necessary to maintain it in $Uch a way that it can operate for the longest po.osible 
time without excessive wear and breakdown. The men who lubricate the equipment play a key 
role in the achievement of this aim. 

Lubrication means equipment conservation since it pre•1ents wear. It also means energy con
servation since it reduces friction, tnereby reducing the energy usage of the equipment itself. 

5.1.2 Types of Lubricanu 

Lubricants can be conveniently divided into four basic types: 

a) Oils. This is a general term used to cover all liquid lubricants which include mir 
petroleum oils, natural oils, synthetics and emulsions. Almost 95% of all lubrican..s are 
petroleum based, giving the best cost effectiveness for most applications. However, for 
extremely low and very high temperatures (i.e., beyond the threshold limit of petro
leum oils, 470°C), very expensive synthetic oils become more cost effective. 

b) Greases. Technically, these are oils which contain a thickening agent to make them 
sf'mi-solid. Included are the anti-seize pastes and the semi-fluid greases. 

c) Dry Lubricants. These are lubricants in solid form: bulk solids, paint·like coatings or 
loose powders. 

d) Gases. Usually air is used but any gas which will not attack the equipment is suitable. 

While oils and greases have varying degrees of toxicity, special processing could remove toxi· 
city, as for food-grade lubricants which are safe even when they come ir1to incidental contact with 
the food being processed. 
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5.2 SELECTION OF LUBRICANTS 

5.2.1 Oaoaling 1he Lubriclnt Type 

The primary objective in choosing a lubricant for a particular application is to obtain the 
lowest overall. long term cost. This does not necessarily mean that the cheapest lubricant should 
be used. The prime consideration should be how well for how long the particular lubricant will 
perform its functions. 

How well and how long a lubricant will do its intended job for a particular application de
pends on its physical and chemical properties. Chemical properties not originally in the lubricant 
are imparted by additives while certain physical properties can also be enhanced by these substan
ces (see Appendix VI for a listing). Generally. the physical pror .. rties determine the lubricant's 
initial suitability 'Nhile the chemical properties determine the quality which, i11 turn, affects 
the "how well .. and the "how long .. aspects of the lubricant's service capability. 

The selection ~f lubricants is guided by commercial specifications and standards that govern 
both initial suitability and quality. 

5.2.2 Choosing 1he LubricWng Oil 

Initial suitability of a luhricating oii is described by viscosity, viscosity index, pour point and 
floe point. Viscosity is governed by two standards, nanK:ly: SAE viscosity classification for auto· 
motive oils and ISO viscosity dassification for industrial oils. Appendix VI gives equivalents among 
tlese units of v•sccsitv. 

Quality for automotive oils, is standardized by the API Classification system (Appendix VI), 
while for i'ldustrial oils, there is no one standard system, but various equipment marwfactu· 
rers and governmental standards agencies (e.g. British Standards. DIN standards of Germany, etc.) 
have specifications limits for each of the required properties for a particular industrial oil. 

5.2.3 Choosing 1he LubriAting Gru. 

Initial suitability is determined by its consistency which is the hardness or softness. expres
sed in teims of NLGI number. The appendix VI shows the NLGI Classification. Dropping point is. 
another property that initially tells the temperature range suitability of the gn?ase. 

Quality is not governed by any standard due to the very wide variation in grease quality de
manded by the variety of applicatior; and environments. Rather, quality is described b\ spocifica
tions as to structural stability, mechanical stability, anti·rust property, bearing protection proper
ty. thermal stability. etc. 

5.2.4 Choosing 1he Ory Lubricant 

Table 5.1 describes some materials used as dry lubricants. The selection process depends on 
the properties of the individual solid lubricants. However, compromises can be obtained by ccm· 

bining two or more of them in a composite. 

5.2.5 Choosing the Lubricating Gas 

Any gas can be used as a lubricant provided that it is clean enough. It will usually tw :t» · orio' 

most readily available. 

5.3 METHODS OF APPL YING LUBRICANTS 

5.3.1 Oil- Feed Systems 

To make oil lubrication more effective, different oil·feed systems are available. An effer.tive 
oil-feed system must be able to: 
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MATERIALS 

Graphite 

Molybdenum 
disulphide 

Cdlcium 
flouride 

Graphite 
floudde 

Molybdenum 
trioxide 

Boron nitride 

Lead monoxide 

PTFE (poly· 
tetrafluoro
ethylene) 

Nylon 

Acetal 

Meuls 

Table S.1 Properties of Dry Lubricants 
Source: Reference S 

PROPERTIES 

Low friction 0.05 to 0.15 depending on pressure. Maximum Pv• 
42,058 kPa x m/min. Good Adhesion. High thermal and .?lectri· 
cal conductivity. Usable at low temperature and to 540oC inair. 
Good performance in vacuum or when very dry. Very complex 
and variable materiais. Black and therefore unacceptable for certain 
processes. 

low friction 0.03 to 0.2 depending on lead. Maximum PV prob.Jbly 
about 210,290 kPa x m/min. Excellent adhesion. especially when 
dry. Usable at low temperature and to 350°C in air. Excelent perfor· 
mance in vacuum. Temperature limit in vacuum appraoches 1000oe. 
Very high load-carrying capacity. Black, and therefore unacceptable 
for some processes. 

Usable in the range of 350-1000oC. Low friction, low wear rate 

Low friction, fairly low wear rate, slightly abrasive. (Less readily 
available than molybdenum disulophidc. 

Usable in the range of 300 - 1 ooo0 c 
Friction fairly low, adhesion fair. 

Usable in the range of 300-7500C (1700oC if no oxygen present). 
Friction about 0.2-0.3. 

Usable in the range of 250-7SOoC. 
Friction and wear rate low. 

Very low friction, from 0.03 to 0.1. High wear rate in unfilled state. 
Deforms slowly under load in unfilled state. Reinforcing fillers re
duce wear rate and deformation. Usable from - 200oC to I JOOoC. 
Highly resistant to chemical attack. White colour useful in some 
applications. Easily machined. 

Friction 0.1-0.4 Maximum temperature 200oC. Wear resistance-fair. 

Friction 0.1·0.4, Maximum temperature 1 lOOC fair wear resistance, 
good for intermittent lubrication, difficult to attach to metal com
ponents. 

Friction 0.3, good conductor of heat and electricity, temperature
before melting. 

• PV is a liSeful property for 1114111ing the lubrication capacity of a solid lubricant. It is the highest pro
duct of pressure and velocity a·: which it can be used. 
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(a) replm:e used oil by fresh oil 
(b) remow c:opuminants such as we• debris 
(c) cool the equipment 

To fa::ilitate the IPP«JPrilte selection. an eoomeration of the different oil-feed systems, 
along with their advantages and disadvantages. are presented in Table 52. 

5.12 Mdhods of Applying ~ 

For simple cases, grease is often applied by hand. In large bearings or gear boxes, "paddles" 
shaped like smal: ~tennis bats may be used. To increase the supply of grease into th€ compo
nent in service, a reservoir may be supplied in the form of a cup or block of grease. But by far. the 
most common method of re-greasing a mechanism is by means of a grease-!Jin. applied throu~ a 
nipple. Where numerous grease points and/or complicated machinery are concerned, automatic 
centralized lubrication systems are available. Cost redJction or savings results from lower lubrica
tion labor, less failures clle to more positive and continuous lubrication, less lubricant spillages and 
contamination, better safety, etc., provided the centralized system is properly maintained. 

5.3.3 Applying .... Solid Lubriant 

Solid lubricar.ts in the form of a bonded film are applied according to the suppliers' instruct· 
ions. In the case of bulk solid lubricants, they are machined to the required shape and introduced 
i'lto the system. 

Generally, solid lubricants cannot be replenished in service but a few techniques have been 
used. Molybdenum disulphide powder has been supplied by means of an air jet. Introduction with 
a volatile solvent which evaporates is also possible. PTFE and molybdenum disulphide composite 
can be replenished by mounting the oil-feeder in a p:.JSition where it is in sliding contact directly 
or indirectly with the parts which require lubrication. 

5.3.4 Application of Gas Lubricants 

Gas lubricants are generally used for bearings. There are two types of application ·· self· 
pressurizing and externally-pressurized. For self-pressurized gas bearings, the gas is initially in.cor· 
porated into the system while for externally pressurized gas bearings, a compressed gas supply is 
required. 

5.4 PLANNED LUBRICATION 

5.4.1 The Lubrication Functicn 

An essential function in any plant is the proper lubrication of equipment. To effect proper 
lubrication, each plant must have a plant lubrication schedule. And the program must be coor
dinated among involved departments, to be successful on a plant-wide basis. 

In most plants, the maintenance department is responsible for establishing and carrying out 
the lubrication program. For this reason, the lubrication engineer is in the maintenance depart
ment. Plant-wide lubrication, therefore, is the job of the lubrication engineer. To describe the 
program is to define the scope of the function of the lubrication engineer. To create and effect a 
successful plant lubrication program, the lubrication engineer must collaborate with the designated 
supervisors and lubrication personnel in the operating program units. 

The plant program outlines the lubrication engineer's activities. These include all the essen· 
tial factors recognized• being part of every succeHful plant lubrication program from lubricant 
Jelection, lubricant application, control, feedback and changes. 
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Table S.2 Achantagies and Dmchmtlges of Diff~t Oil-Feed Systems 
Source: Rererence S 

Symm Oescriptian Adw•t.ges OiudlMt.ges 

H..if·held Low initi.i Hi!lt 1mc,, cost 
Oil can cost Reliability depends 

Simple on user 
Easy to check No cooling 

Easy to Uff wrong oil 

Requires close 
approach to 
machinery 

No recovery of used oil 

Drip feed Supplies a smai; Low initial Requires close 
quantity to oif. cos~ approach tc; 
without any Low labor machinery 
attempt to con- cost Care needed to 
trol or collect check flow 
the old oil which No cooling 
is being replaced. No recovery of 
or any excess of used oil 
fresh oil which 
is supplied. 

Centraliz!!d Low labor High innial cost 
total loss cost Higher maintenance 

High rehab1· cost 
hty Nocooliny 

L nle risk of No recovery of 
V.'f0tl90ol used oil -

Oil mist or A new development Lm.1 labor High initial cost 
foq SySIP.ITIS in the total foss r.,.,st Careful flow 

system where nil ! i1gh reliability control needed 
is circulated in low consumption No recovery of 
the form of minute of oil used oil 
droplets dispersed Usefui coohny 
in a stream of air. 

Wick or pad Transfers the oil low initial cost Nocoolrng 
lubrication by wick or pad in Low lahor cost May become 

direct contact lo blocked 
the component 
(capillary or 
wicking actron). 

Ring or disr Oil is fed to the Low labor c0<1 Fairly high 
component b·1 Generally reli· initial cost 
rotating discs or able Limited speed 
rirl!JS which dip Some cooling range 
into the oil and Recovery of used 
tr ans fr.rs it to oil 
the top. 

Splash Partly submerged low initial cost limited speed 
moving parts in low labor LOSI range 
oil splash thr oil Recovery of used 
on :;iarts above the Ori 
oil level. 

·-Circulation Basically consists Wide ••1191! of High initial cost 
System of a reservoir. a USP. High maintenanu 

pump. a ler.d linP. Generally reli· cost 
one or more lubri· able 
cation points and E ffec1iv11 cooling 
a rt!rurn line. Recovery of used 

oil. ----
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5.4.2 Lubrication Suney 

The first step toward a successful lubrication program is the gathering of lubrication in
formation by conducting a plant-wide survey. In the survey, detailed information on current lubri
cation practice is compiled. Information to be ga?Mred includes the t>tpe of the lubricant. the 
part to be lubricated and the frequency of lubrication. 

From an inspection of operating equipment. the lubrication engineer can determine the loca
tion and number of lubrication points. method of lubrication and maintenance responsibility. Con
tact with the operating personnel will pennit questions to be asked about each operating unit. For 
this reason. information should be gathered from only one operating unit at a time. Each piece of 
equipment should be into-;>ected where special or abnormal conditions occur. If it becomes neces
sary to clarify equuipment design. reference to the blueprints should be made. 

To conduct the survey, a standard form should be used for collecting detailed information. 
The accomplished form may also be posted and used to give lubrication i:istructions to plant per· 
sonnel. 

When the plant-wide survey is completed. a report should be made to summarize the findings 
and recommend necessary changes. This summary forms the basis for action to improve the lubri
cation of equipment. 

A reputable oil company contracted to supply lubricants will usually undertake a compre
hensive and detailed lubrication su!'Yey of all the company's plant and equipment for free. This 
should be detailed and written on a lubrication survey form such as that illustrated in Figure 5.1. 

EQUIPMENT 
PARTS TO BE 
LUBRICATED 

LUBRICATION SURVEY FORM 

LUBRICANT 
RECOMMENDED 

HOW 
APPL1ED 

Figure S.I Example of a Lubrication Survey Form 

INTERVAL 

Based on the survey. the oil company will recommend rationalization of the grades of lubri· 
cant to be used in order to simplify the problems of storage and application and to reduce costs. 
ThP possibility of errors in application are considerably reduced by rationalization. 

5.4.3 Setting Up the Lubrication Schedule 

Lubricants have a certain "service life". Lubricants, therefore, have to be changed regularly, 
or equipment have to be re-lubricated regularly. Lubrication scheduling can become complicated, 
depending on the size and number of equipment involved. 
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Planned lubrication is, of course, an integral part of planned maintenance. Daily and weekly 
lubrication tasks are carried out separately from the mechanical and electrical schedules. Monthly 
lubrication tasks and oil changing a1e usually fully integrated with maintenance schedules. 

There are many ways of organizing the plant lubrication schedule. The following is a guide 

for lubrication scheduling: 

{a) Estimate the time and frequency required for each lubricating point and revise the plant 
lubrication specifications if necessary to obtain a realistic work load. For daily application, 
the following questions may be considered: 

(1) Can these be undertaken by the plant operator? 
(2) Can multiple points be piped in to battery plates, and larger oll reservoir fitted? 
(3) Can the machine be economically fitted with an automatic lubricator? 

(b) Consider whether lubrication activities that do not have to be done daily can be incorpo
rated with the mechanical and/or electrical preventive maintenance schedules at the weekly. 
monthly and less frequent inspections. 

{c) Estimate the number of oilers-greasers required t\l undertake the estimated work load. VJill 
the work be done in the daytime or other shifts? Has allowance been made for holidays and 
other non-working days? 

(d) Do oilers-greasers require training? This will surely be n.acessary in newly installed plants. 

(c) How much lubrication can be done during or.-stream operation? 'Fitting in' lubrication at 
random when a machine is not in use will not do. This invariably results in an inadequate 
lubrication service. 

(f) Have all the aspects of safety been considered? Will it be necessary to remove guards in 
order to reach lubrication points? Is a ladder required? Are machines which are driven by 
under-floor equi~ent covered by floor piau.s? 

(g) Prepare a lubrication specification sheet per machine. This is to be used by the lubricator. In 
certain special cases a number of machines can be combined on one lubrication specification 
sheet. 

(h) Ensure that the correct grades of lubrication are appli~d. 

5.4.4 Carrying Out the Lubrication 

(a) Prepare a route card for the oiler-9reaser. 

{b) It is essential that the oiler-greaser submits a report daily to the maintenance supervisor 
of any apparent defects noticed on the machines he has lubficated during the day. This 
will include cases of excessive or inadequate lubrication, abnormal levels of noise, vibra
tion or temperature, oil leaks, or cases where an abnormally large amount of 'topping-up' 
appears necessary. 

(c) Plant history records, already maintained for the planned-maintenance program, are 
entered up from job reporu received from the oiler-greaser. Experience may indicate that 
the lubrication schedules and job specifications may have to be revised in certainj instances 
where excessive or inadequate lubrication is evident. 

(d) Adequate oil storage records mut be kept to indicate the quantities of each gr.Mte consumed. 
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(e) A wide range of lubricant dispensing equipment is now available in the market. Some form 
of mobile trolley is essential. unless the area allocated to the oiler-greaser is small. 

(f) Consider wherever possible the standardization of grease nipples. to reduce the number of 
combinations c~ greases and connectors. 

5.5 LUBRICANT STORAGE AND HANDLING 

5.5.1 Supplier's Responsibility 

Reputable suppliers usually exercise extreme care durin~ blending, manufacture and pack· 
aging of its products. A system of control for product quality is instituted to m£=et exacting in
dustry demands on product performance. Efficient handling of lubricants from the supplier's 
warehouse to the customer's plant site is standard practice to ensur'!! plant-approved qua I ity. 
However, non-adherence to the basic rules of handling and storage can contaminate a product 
or render it off-specifications and standards may lead to costly consequences like faulty opera· 
tion or machinery breakdowns 

5.5.2 Storage of Lubricants 

(a) Inventory. Store only the quantity required for a reasonable period of time. Too low an 
inventory may ultimately result in product runouts and disruption of plant operations. Too 
high an inventory ties up money. 

(b) Withdrawal of Lubricants. Use the "first·in-first-out" system. This keeps the remaining pro
ducts always relatively new. While oils can be stored for a long time, it is best to keep the 
storage period short to prevent possible deterioration. Greases should not be stored for more 
than a year. 

(c) Rr!Quirements of a Good Storage Facility 

( 1) Accessible. They should be stored near the machines or equipment which use them. 
This is to facilitate transfers and save on man-hours. 

(2) Separate. Lubricants are a class by themselves. Store them separately from other ma
terials like spare parts, chemicals, solvents, etc., to avoid mix-ups. 

(3) Not too hot ncr too cold. Lubricants are affected by extremes in temperature. 

(4) Protected. l<eep all lubricants indoors. If this is not possible, keep the following 
suggestions iri mind: 

i. Do not sr.and barrels on end, but stock them iying on their sides. This allows for 
expansion and contraction of the lubricant for varying tempe,.atures. When the 
barrel is hot, the contents expand and forces air out. When it is cold, the contents 
contract, drawing in water and dirt into the drum. 

ii. Never store the following products outdoors: 

Grease. Water contamination will render the grease unsuitable for further use. 

Tran1fonner Oi/1. A few parts per million of water-contamination will greatly 
lower the dielectric strength of the oil and render it unsuitable for use in transfor· 
mers and other electrical equipment. 

R•;rigeration Oil1. Water contamination is undesirable in refrigeration oils because 
water can be frozen and clog up expansion valves. 

64 



5.5.3 Hlftdling of LubricanU 

(a) RequinJmtJnts for Handling Oil: 

(1) Provide drip pans under faicets. This not only makes the storage area clean but also 
prevents accidents. 

(2) Provide racks for barrels lying sideways. This prevents the barrels from rolling acciden
tally. 

(3) Use a hand-operated or pneumatic oil pump when transferring lubricant from the 
drum standing on its end. 

(4) Provide a strainer in the transfer line if necessary. 

(5) Use proper oil handling equipment. 

(b) Requirements for Handling Grease: 

( 1) Provide covers for drums and pails. A small amount of contaminant in the grease will 
alter its intended performance and cause bearing damage. 

(2) Use proper transfer equipment. Avoid if you can, using bare hands in t.-ansferring 
grease from the drum to smaller containers. 

(3) Use proper grease dispensing equipment for different size containers. 

(4) Provide facilities for cleaning up lubricant spills to avoid unsightly floors and acci· 
dents. 

(5) Provide facilities for cleaning tools and equipment after use. This prevents contamina
tion of different products handled with the same dispensing equipme.1t. 

5.6 ANALYSIS OF USED OIL 

Sooner or later the oil in the system needs to be changed. When a new equipment is to be 
purchased, the manufacturer will recommend that the oil be changed after certain number of 
hours (or kilometers) of operation. While this is an excellent IJ.lideline, it is based on a conserva· 
tive estimate of the operating conditions. Oil analysis can help establish a drain interval which is 
appropriate to the actual conditions of operation. It also serves to determine the level of quality of 
the oil being used. 

Establist.ing drain interval with the help of oil analysis can: 

save the cost of unnecessary oil changes. 
- prevent expensive repair jobs. 

Used oil analysis is the inspection of in-service, drained or reclaimed lubricants, which ena
bles the lubricant user to: 

1. Determine the condition of the oil. Once it has reached its limit of usefulness it should be 
replaced. 

2. Know some cl•;es which may suggest that an engine or a mechanical part is having mecha
nical probler is. If we learn how to interpret these clues, these problems can be fixed be
fore they grow worse and cause permanent damage. Progressive analyses of metals present 
in the oil could be used to measure me wearing out process of equipment parts. 

Major oil suppliers normally provide this laboratory service free of charge. In most cases the 
laboratory reports include comments and recommendations. 
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The analytical tests on used oil are conducted for the following parameters: 

a) API Gravity 
b) Kinematic or Saybolt Viscosity 
c) ASTM Dilution (gasoline engine oils) 
d) Estimated Dilution 
e) Color 
f) Normal Pentane Insoluble 
g) Benzene Insolubles 
h) Ash 
i) Analysis of Ash 
j) Neutralization Number 
k) Moisture Content 
I) Flash Point 

Decreases or increases in parameter measurements ':>etween new and used oil give indication 
of contamination and deterioration, or evidence of trouble in the lubricated component. Table 5.3 
shows these indications. 

Sending oil samples to oil company laboratories for analysis· and transmittal of test results 
to the oil user take time. Hence, in situations where results need to be known immediately, 
say, to verify certain oil properties critical to the equipment welfare quick on·the-plant or field 
methods of testing could be done. Field Test Kits are available for this purpose. 

5.:7 OIL RECYCLING 

To conserve oil, interest in oil recycling has been given much interest. ASTM has proposed 
the following definition for this purpose: 

a. Used oil - oil whose characteristics have changed since being originally manufactured, 
but which may be suitable for further use, and is economically recyclable. 

b. Waste oil - oil whose characteristics have changed markedly since being originally man
ufactured, has become unsuitable for further use, and is not considered economically re· 
cyclable 

c. Recycling -· the generic term for processing used oil in order to recover useful material. 
There are two types: 
1. Re-refining - The use of refining processes on used oil to produce base stocks, which 

could be made of good quality depending on the degree of refining for blending 
again with the appropriate additives to meet certain specifications/standards Re
refining may include distillation, hydro-treating, and/or treatments employing acid 
caustic, clay, etc. 

2. Reclaiming - the use of cleaning methods on used oil primarily to remove insolul:ile 
contaminants, thus, making the oil suitable for further use. The methods may include 
setting, heating, dehydration, filtration and centrifuging. 

A good re-refined oil, just like straight-mineral oil, contains no additives and therefore while 
it may have initial suitability, say the correct viscosity, it doesn't have the quality required for 
non-once through applications. On the other hand, a reclaimed oil may still contain sufficient ad· 
ditives and therefore suitable tor further service if through dehydration, centrifoqing or other 
appropriate process. 
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Table S.3 Significanc:e of Changes in Test R~"Ults 
Source: Reference 10 

TES"f DECREASES INCREASES 

1. Mixture with heavier 1. Mixture with higher 
oil. oil. 

2. Mixture with bunker 2. Mixture with diesel fuel. 
API Gravity fuel. 

3. A\XIJmulation of sedi· 
ment or sludge. 

4. Water contamination. 

1. Contamination with 1. Source of fuel cor:-
gasoline or diesel fuel. taminat100 removed. 

Flash Point 2. Mixture with a low 2. Addition of make-up 
flash point oil. oil. 

1. Dilution with fuel. 1. Mixture with a 
t.eavy-bodied oil. 

Viscosity 2. Mixture with a high- 2. Aa:umulation of 
bodied oil. sediment or sludge. 

3. Deteriofltion of the 
oil. 

4. Water emulsified with 
oil. 

1. Removal of filters. 1. Filters cartridge dirty. 
2. Addition of make-up 2. Contamination with dirt. 

Sediment oil. 3. Increase in blow-by in 
3. Reduction in rate nf engines. 

contamination. 4. Wear. 

1. Settling out in 1. Cooling water leak. 
system. 2. Steam condensation. 

Water 2. Removal of additives 
by activJted clay 
filter. 

3. Reduced water leakage 

1. Sediment removal by 1. Contamination with dirt 
filter. or rust. 

2. RemCNal of additi11es 2. Wear. 
Ash by activated clay filter. 

3. Addition of "Straight 
Mineral" oil. 

4. Reaction with acidir. 
products of combustion. 

1. Addition of make·up 1. Contamination with 
Neutralization oil. acidic combustion 
Number 2. Removal of sediment products 

or sludge. 2. Deter;oration of the 
oil 

1. Addition of make-up 1. Leakage of diesel fuel 
oil. into the oil. 

F:.iel Dilution 2. Elimination of fuel 2. Fault'/ injection. 
leaks. 3. C.:>ld aperation or 

excessive "chokin9" of 
gasoline engines. 
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For used oil that could no longer be acceptably reclaimed in the plant, two choices are avail· 
able: sell it to re-refiners (there are 4 major ones in the Philippines) or bum it as fuel, either with 
bunker, or with diesel fuel for automotive application as described in Reference 11 
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Corrosion Prevention and Control 

6.1 DESCRIPTION AND SIGNIFICANCE 

6.1.1 Description 

Corrosion is defined as the destruction or deterioration of a material by chemical or electro
chf .·,;cal reaction with its environment. In common practice, the term "corrosion" applies to 
meta;~. but it is preferable to use the broader definition. Deterioration by physical causes is called 
erosion, galling or wear. "Rusting" applies to the corrosion of iron and steel, resulting in the form

ation of oxides. 

The rate of corrosion usually depends on tht· following factors: 

(a) the material itself 
(b) the corrodent 
(c) the nature of the corrosion product formed 

(d) temperature 
(e) pressure of containment 
(f) electrical potential bP.tween the two materials 
(g) the relative velocity between the metal and the corrodent. 

The relationship between these factors and their relative importance determines the type of 
the corrosion dJmage. (~ee References 2, 4, 5 and 6). Corrosion rate has been expressed in various 
ways as shown in T abl& 6. 'i. Mils per year (mpy) is the most desirable unit of meai;ure. Table 6.2 

shows the conversion factors for corrosion rate units. 
The ,rimary elements involved in the occurrence of corrosion are th'· materials and the 

environment. A working c!assification of the variou~ metals that comprise most of rur construc
tion materiali is snown in Table 6.3. Four typical environmental exposures a;e described in Table 

6.4. 

6.1.2 Significance of Corrosion Cont(' 

Unless corrosion is checked, the following unexpected failures could occ.ur: 

(a) 0 1 ... t Shutdown. A corroded part of an equipment which is critical to plant operation, like ;, 

boiler, can cause the shutdown of the entire plant. 
(b) Loo;s of Product. Leak of a valuable product in fluij form through a co.roded pipP. ca11 be 

very costly. 
(c) Contamination of Prt.·-· Jot. rludlity and vJlue ot a product ~an be severely affected by ~on· 

tamination due to corrosion. 
(d) Degradation of ""ppearance. Corroded surfaces do not l.JOlr. pleasant to 'lbservers. 
(e) Reriuced Effici',r.cy. r iP.a• transfer and flow of electrici cy through a corroded material could 

be diminished signific,,ritly. Clogging of pipP41 with rust hampers the flow cf fluids. 
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Table 6.1 Comparisoo of Corrosion-Rite Exprasiom for Enginttring Applications 
Source: Reference 2 

Expnaion Comment 

Weight loss, g or mg Poor - sample shape and exposure time 
Percent weight change influence results. 

Milligrams per square decimeter per day (mdd) Good - but expressions do not !;ive 
Grams per square decimeter per day penetration rates. 
Grams per square centimeter ,.ier hour 
Grams per square meter per hour 
Grams per square inch per hour 
Moles per square centimeter per hour 

Inches pe~ year (ipy) Better - expressio11s give penetration 
Inches per month (;rirr,) rates. 
Millirmters per year 

Mils per year (mpy) Bel;t - express penetration without 
decimals or large oombers 

Table 6.2 Conversion of Corrosion-Rate Units 

ipy 
ipm 
mm/yr 
µ.m/yr 
pm/sec 
g/(sqml/(hr) 

mdd 
g/(sqml/(sec) 

Dimem.ons 

in/yr 
in/mo 
mm/yr 
µ.m/yr 
pm/s 
g/m2/h 
mg/dm2/d 
g/m2 /s 

•pis me .. I density. g/cu cm 

Table 6.3 Common Construction Materials 

a. Light Metals - magnesium, aluminum and their alloyi 

Multiplier 
ToComertTo 
mpy, mils/yr 

1,000 
12,000 

39.4 
0.039 
1.24 

3A5/p* 
1.44/p 
t.24/p 

b. Fe:rous Metals - cast iron and alloy cast irons, carbon stt.!el, low alloy steel and 
alloy steels 

c. Stainless Steels - martensitic, ferritic, superferritic, austenitic. precipitation - ~ard-

ening and speci;il grades. 
d. Lead, Tin and Zinc 
e. Copper, Brass and Bronzes 
f. Nickel and its alloys 
g. Chromium·bnring Nickel Alloy~ - N06GOO (Alloy 6001), N06625 (Alloy 625l, 

N06007 (Alloy G), N10276 (Alloy C276). 
h. Cobalt·based alloys 
i. Reactive Metals - Titanium, Zirconium and Tantalum 
j. Precious Metals - Silver, Platinum and Gold 
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Table 6.4 Four Typical Eaftroamelltal Exposures 

a. Atmospheric Exposure. This includes not only natural environments (traditionally 
considered to be rural. matine or industrial; or some combination of these). but also 
specif'ically contaminated atmospheres such as those containing hydrogen sulfide, 
ammonia. sulfur dioxide, etc. 

b. Aqueous Environments. This include natural or industrial waters, as well as ~x· 
tremely dilute solutions of inorganic or organic chemicals. 

c. Soil. This includes underground installations of piping or vessels and the soil-side of 
strucrures such £Stank bottoms. 

d. Process. This includes organic or inorganic synthesis and other processing environ· 
ments that affect materials. 

The engineer might then overdesign his equipment. which would be costly and sometimes 
ineffective. It pays to have an adequate knowledge of the technology of corrosion. especially its 
preventioo and control. 

6.2 TYPES OF CORROSION DAMAGE 

Corrosion damage can be classified into three groups: 

Group I. Corrosion damage which is readily identifiable by visual examination 

a. Uniform Corrosion. This is cor; osion over the general surface of the material exposed to 
the corrodent. without appraciable localization of attack. Examples are the rusting of 
iron, tamistiing of silver and "fogging" of nickel. 

b. localized Co"osion. This is a corrosive attack limited to a specific, relatively small sur
face area whereas the remaining area is largely unattacked. Depth of corrosion is usually 
described by the pitting factor, which is the ratio of the deepest metal penetration to the 
average penetration. A pittir:g factor of unity represents uniform attack. Examples: iron 
buried in soil forms shallow pits when corroded; stainless steel immersed in seawater 
forms deep pits. 

c. Galvanic Corrosion. This is a fo:m of corrosion that occu.._men a metal or alloy is elec· 
tricaliy coupled to another or to a conducting material in the same electrolyte, the two 
materials being of two different electrical potentials. 

Group II. Types of corrosion which may require supplementary means of examination other 
than visual. 

a. Velocity Effec :s. These are forms of corrosive attack associated with the motion of a 
fluid relative t1. the metal. There are three types of corrosion due to velocity effects. 

1. Erosion-car osion or impingement attack. T~iis occurs in flowing mediums containing 
no abrasive particles whereby the velocity of the fluid is sufficient to remove weakly 
adhered corr!>Sion products frOM the surface, reducing their polarizing or inhibitive 
effect resulting in an accelPrated corrosion process. 

2. Cavitation. This is a mechanical damage process caused by collapsing bubbles in a flow· 
ing liquid with no significant contribution by hard particles or corrosion but rather 
often induced by sharp surface discontinuities, such as sharp-edged holes or shoulders 
and changes in fluid pressures. 
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3. Fretting. This occurs due to the relative motion and sliding contact of two surfaces 
which are not intended to move in that fashion resulting to loosening of hubs on 
shafts. fouling of precision mechanisms by debris and accelerated fatigue when both 
fretting and fatigue load patterns are present. 

b. lntergranular Co"osion. This is localized corrosion occuring at or adjacent to the grain 
boundaries of a metal. An example is sulfur attack on the grain boundaries of heated 
nick le. 

c. DNJl/oying Corrosion. This is a corrosion process whereby one constituent of an alloy is 
preferentially removed, leaving an altered residual structure. An example is df>.zincifica
tion or the loss of zinc from a zinc-copper alloy. leaving a porous surface of corrosion 
products and residues on the remaining metal. 

Group Ill. Types of corrosion which may usually be verified by microscopy of one kind or 
another (optica:, electron scanning. etc.). These are sometimes apparent to the naked 
eye. 

Cracking. This is a phenomenon which occurs under two different conditions or causes: 

1. Corrosion fatigue. This is the cracking of a metal when subjected to repeated or alter
nate tensile stresses in a corrosive atmosphere. 

2. Stress corrosion cracking. This is the cracking of a metal due to a constant tensile 
stres"i and exposure to a specmc corrosive environment. lntergranula' corrosion fail
ures under conditions of tensile stress fall under this classification 

6.3 DETECTION AND ANAL VSIS OF CORROSION PROBLEMS 

Inspection tests and procedures for corrosion problems are generally either visual or instru
mental. They can also be ciassified according to: (a) direct observation, (b) nondestructive testing 
methods, (cl conventional chemical and electrochemical methods and (d) onstream monitoring 
techniques. The common techniques of corrosion monitoring are listed in the Table 6.5. 

Table 6.S Common Corrosion Monitoring Techniques 

Direct observation 

Nondestructive testing methods 

Conventional chemical and electrochemical 
methods 

Onstream monitoring techniques 
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Visual/optical techniques 
Coupon testing 
Sentinel holes 

Radiography 
UI trason ics 
Eddy-current measurements 
Thermography 
Accoustic emissi?n 

Analytic medSUrements 
Potential measurements 
Galvanic measurements 

Electrical-resistance measurements 
Polarization-resistance measurements 
(complex impedance methods) 



In selec.:ting the monitoring technique to be used, the following questionsmayserveasguides: 

a. What does the technique measure? 
b. In who.t range of environments can it operate? 

c. Does it give information about plant or probe? 
d. How rapidly can a reading be obtaine~7 
e. How rapidly does it respond to change? 
t. Are specialist skills required for interpretation? 
g. Is sophisticated technical backup required? 

The characteristics of the common corrosion-monitoring techniques which provide answers 
to the above questions are shown in Table 6.6. lnvesti!;ation of the costs involved in using these 
techniques will help in making a decision as to which to adopt. 

The direct observation methods and electrical monitoring devices are briefly described here. 
They are the most commonly used techniques. A more substantive discussion of the other tech
niques is found in Reference 8. 

Viwal inspection is the simplest method of corrosion monitoring. It is basically qualitative 
and -=an be semi-quantitative when gages, closed-circuit TV or other instruments are used. This 
technique is normally limited to accessible areas that mav be examined on shutdown. 

The coopon technique is widely used and is more flexible than visual inspections. A sample 
of the material to be evaluated is prepared, usually as a rectangle or a circle. This is exposed to the 
corrosive environment. From the wei!tit loss, surface area and exposure time of the coupon, the 
penetration rate can be calculated in mils per year. This represents the average uniform corrosion 
rate on one side of the metal exposed to the particular environment. 

If localized corrosion is suspected, it is necessary to visually examine the coupon usually 
with low power magnification. The general corrosion rate is fairly useful if the localized attack is 
surface rou~ening. This method does not apply to pitting, stress corrosion cracking or in
tergranula1 corrosion. 

Sentinel holes are drilled at selected points of a metal up to a depth equal to the minimum 
allowable thickness. When the rer11aining thickness of corrosion allowance is corroded, leaking will 
occur and this serves as a warning that the minimum allowable thickness has been reached. The 
leak can be plugged until repair or replacement is done. This method is convenient in some cases 
but may not be appropriate in other applications. 

E/t1etrical Resiltance (ER) Probel use the increasing electrical resistivity of a conductor with 
decreasing cross-sectional areas as a gauge of corrosion rate. 

Li1111ar Polarization RBlistJlnce (LPR) Probtls measure the corrosion rate of a metal surface 
by interacting electrically with the minute currents resulting from ionizing of the metal atoms in 
the corrosion process. These provide instantaneous estimate of corrosion rate. 

The following is a prescribed procedure for plant investiption of corrosion failures (Refer-

era 8): 

1. Get as close to the failure • possible. 
2. Sketch nr photograph failed 1nd adjacent areas. 
3. Determine the function of the material giving problems. 
4. Get information on the cortodent, iUCh as conr.entrltion, tempera1Ure, pH, agitation 1nd 

impurities. 
5. Ex1mine all available records that define the time in service, startup procedure, flUC1U• 

tions in temperl1Ure, pH, etc. 
8. Find out what experience Ind data were used to make the original material selection. 
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Table 6.6 Characteristics of Corrosion-Monitoring Techniques 
Source: P.efcrence 9 

"-" "-" ..... Til'lll '°' R..-to l•of 
~ ............. c.n-... ..... ..__ topl•I -·- "' .... ln•,,...•llaft 

Y-....1 dlHrbltion IOCllllzed lllflV _,Ille ··- .. _ 
HIV 

apt>.. II lr9t1ofmskl -onpl1nt 

~ -··--; generllor ... y probe lont ••PCllUre s•- eny 
type of lttlCk IOCllllzed 

Sentinel "gofno ID" 911'1•11 111y, 911 or loclliltd on llow slow Illy 
holes onthlek,.. 

·-preferred 
pt1nt 

RediatrlPhY ntrib1n~ pining. ... y lcaliled on fllrly slow 1low gtMrllly 411Y 
thicknea ci-lllly cr.:ki119 pl111t 

Ultr--.. N1Nining -••or ... y localized on f1lrly rapid ftlrly slow nttdl HP1ri1nc1, 
thick-. pr- IOClliltd pl1nt oth1rwl11HSY 
of cr.:kl, piU 

Eddy current crack1, piu IOCllli.rtd ... y localized on f1lrly rapl~ f1lrly 1low nttdl 1xperl1nc1 

~ I pl ... t 

Thennogrlllhy diltribution ot ICIClll1td any; 19mlltl'ltl"" loc1llztd on rapid ··- iny 
linfrandl an.ck warm or subarnblent pl1n1 

Acoultic er.eking. av;111ion - inv 1er•1r1lly on lns1an1-ous rapid gener1lly111y 
-"'ion lffkl pl1nt 

ANlytal 119'1; tolll generll 1ny -·Illy on normally norl'lllly 111ntr1lly Illy, 
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7. Evaluate whateYer neighboring equipment is a factor (e.g.. by galnnic effects. or by emit
ting corrosive procb:t). 

8. Listen to and ask questions of the personnel who operate and maintain the equipment as 
well as those responsible for its design ft replacement. 

9. Avoid preconceived judgements es to the cause of failure by unqualified personnel. 
10. Avoid giving an immediate analysis of the problem if you plan to do more work on it. 
11. Give precise instructions as to what samples. if any. are to be taken for laboratory work. 

Also. how they should be identified or packaged. 
12. Give plant persom1el an outline of what else you plan to do. and specifically when you 

will report back t<t them. 
13. Write a report of your visit. 

6.4 PREVENTION AND CONTROL MEASURES AGAINST CORROSION 

Unexpected failures due to corrosion we caused by one or more of the following: 

a. Poor choice of material 
b. Improper design 
c. Defective material 
d. Defective fabrication 
e. Operating conditions diff~rent from those anticipated 
f. Inadequate maintenance 

There are at least five types of methods used for corrosion prevention and cootrol: a) mater
ials selection, b) alteration of the environment, c) design, d) cathodic and anodic protection and e) 
coatings. 

6.4. 1 Materials Selection 

Proper selection o! the material to be used for a given environment is the most common way 
of prE!Venting the occurrence of corrosion damage. 

Three general rules for materials selection are: 

(a) For reducing or n.Jn-oxidizing environm~nts such as air-free acids and aqueous solutions, 
nickle, ~opper and their a;loys are good materials against corrosion. 

(b) For oxidizing environments, chromium-containing alloys are appropriate. 
(c) For highly oxidizing conditions, titanium and its alloys are corrosion-resistant. 

Tantalum is considered as an "u!tir:iate" corrosion resistant material, resisting most acids at 
all concentrations and temperatures. 

Table 6.7 is a guide for the selection of materials which are resistant to certain environments. 
It should also be useful to know the environments in which certain materials are vulnerable 

to corrcision. Table 6.8 shows combinations of some alloys and environments that have been prov· 
en to prompt stress corrosion cracking. 

Mild steel, which is commonly used as a material of construction, is corrosion-resistant in 
sulfuric acid but is easily corroded by nitric acid. 

Rubbers and plastics are gener"llY more resistant than metals and alloys in the presence of 
chlorides and hydrochloric acid. They are, however, more vulnerable to strong sulfuric acid, 
solvents and nitric acid. Ceramics are very resistant to corrosion and high tempera1Ures but can fail 
under tensile stresses. 

Tables in Appendix VI provide a list of metals of the electromotive force sedes and the 
galvanic series. Fr ,m these tables, one can easily predict the re!ative tendency of a metal to 
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corrode in a given environment over another metal in the saries. In both tables, the metal with the 
higher absolute electrode potential is more susceptible to corrosion. The EMF series is useful in the 
theoretical explanation of the relative anodic and cathodic tendencies of various metals. Values in 
the galvanic series were obtained under more practical conditions of exposure to seawater. Besides 
giving an indication as to which metals are more corrosion-resistant in seawater, the table is useful 
in determining whe1her a galvanic couple of dissimilar metals will result in a corrosion problem or 
not. 

Certainly, there are other factors to consider in selecting materials of construction besides re
sistance to corrosion. These include cost, availability of the material, ease of fabrication and 
appearance. The best material is what effectively serves its intended application with the least cost 
throughout its lifecycle. 

Table 6.7 Conosion-Resinant Materials for Gh~n Environments 
Source: Reference 2 

1. Stainless steels 
2. Nickle and nickel alloys 
3. Mone I 
4. Hastelloys (Chlorimets) 
5. lead 
6. Aluminum 
1. Tin 
8. Titanium 
9. Steel 

10. Tantalum 

Environment 

Nitric acid 
- Caustic 

Hydrofluoric acid 
Hot hydrochloric acid 
Dilute sulfuric acid 
Nonstaining atmosphere exposure 
Distilled water 
Hot strong oxidizing solutions 
Concentrated sulfuric acid 
Almost any environment 

TabSe 6.8 Material-Environment Combinations That Promote Stress Corrosion Cracking 
Source: Reference 13 

Mlten.I Environments 

Al alloys Chlorides, moist air 

Mg alloys Chloride~h;omate mixture, moist air 
Nitric acid, flourides Sodium hydroxide 

Cu alloys Ammonia, moist air, moist sulphur dioxide 

Csteels Nitrates, hydroxides, carbonates 
Anhydrous ammonia 

Austenitic steels Chlorides, sulphuric acid 

High strength steels Moist air, water, chloridet, sulphates, sulphides 
---------·· 

Ni alloys Hydroxides 

Ti alloys Halides, methanol 
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6.4.2 Corrosion Control d the Design St8ge 

Mechanical design of a component is based on the material of construction. An effective de
sign approach considers the following technical factors: 

(a) strength 
(b) mechanical characteristics 
(c) allowance for corrosion 

The most commonly encountered design problem against corrosion is determining the wall 
thickness. A rule of thumb is to specify a thickness twice that which wr Jld give the desired life. 
For example, if a tank is to last for 10 years and the corrosion rate of the material is 12 mpy, then 
the expected thickness to be corroded in this lifetime is 3.2 mm. The design should specify a thick
ness of 6.4 mm. against corrosion. This thickness is evaluated with respect to the other design fac
tors, like weight, pressure and stress. Table 6.9 and 6.10 indicate the corrosion rates of some 
metals in given environments. 

Figure 6.1 shows design dP.tails which are vulnerable to corrosion due to the collection of 
debris. 

Some design rules that can be followed to minimize the occurence of corrosion, as siven in 
Reference 1, are: 

{a) Tanks and other containers are better welded than riveted. Crevice corrosion is more likely 
in riveted joints. 

(b) Tanks and other containers must be designed with provision for drainage and easy cleaning. 
Tank bottoms should slope toward drain holes. Any detail that can trai- water is more vul
nerable to corrosion. Figure 6.2 shows a few tips in designing with provision for drainage. 

(c) Parts and components that are likely to fail should be so designed and installed that easy re
p!acement can be done. In chemical plants, pumps are usually installed in such a way that 
they can be easily removed when they fail. 

(d) Mechanical stresses and stress concentrations shoold be avoided in components exposed to 
corrosive mediums. T!iis rule applies particularly to stainless steels and brasses which are vul
nerable to stress-co. ros;on cracking. 

(e) In using dissimilar metals, electric contact should be avoided to prevent galvanic corro~ion. 
Insulators can be used at the areas of contact particularly for materials which have a signif· 
icant potential difference. Figure 6.3 shows some designs for insulating joints. 

(f) Sharp bends iri piping ~ystems should be avoided because they tend to promote corrosion. 
This aspect of design is considered most particularly for lead, copper, and their alloys which 
are vulnerable to this type of corrosion. 

(g) Hot spots in heat transfer equipment should be avoided. Corrosion rates are high in hot 
spots. Uniform temperature g1adients can be ensured through proper design of heat ex· 
changers and 1ther heat transfer devices. 

(h) Design to prevent air entrainment. If oxygen is eliminated, corrosion due to oxidizing re· 
actions can be prevented. Attention should be focused on areas where air can enter li!<e 
liquid inlets and agitators. This rule does not apply when the materials used are active-pas
sive metals and alloys such as titanium and stainless steels which are more resistant to acids 
containing dis'lolved air ar.d other oxidizers. 

(i) The general design rule is: av:>id heterogeneity. Uneven heat and ~tress distributions, use of 
dissimilar metals, existence of vapor sp~es and other differences between points in the sys· 
tem make it more susceptible tc. corrosion. The design approach shoul'1 be to make all con· 
ditioJ1s as uniform as possible throughout the entire system. 
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Figure 6.1 Design Details Laely to Result in Corrosion Because of the Entrapment of Debris 
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Fipre 6.l The Importance of Drainqe Facilities ia Corrosion Control 
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Figure 6.3 Designs for Insulating Joints to Avoid Possible Corrosion 

Table 6.9 Penetration Rates of Various Metals Exposed to Different Atmospheric Conditions 
(mm x 10"3 per year after 10 years of exposure) 

Source: Reference 11 

Atmosphere 

Metal Industrial Mari re Rural 

Aluminum 0.81 0.71 0.025 

Copper 1.91 1.32 0.58 

Lead 0.43 0.41 0.48 

Zinc 5.13 1.60 0.86 

Mild Steel 13.72 o.35 5.08 

'Cor·Ten' Steel 2.54 3.81 1.27 

(0.4% Coopers 1% 
Chromium 0.1% 
Phosporous) 
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Table 6.10 Penetration Rates for Various Steels in Different Acids (mm/yr) 
Source: Reference 11 

70% Nitric 20% Hydro- 80% Sulphur!c 

Steel Acid chloric Acid kid 
so0 c 20°c 20°c 

Mild Steel Very High 38 0.4 

13% Chromium 0.15 120 4.5 

12" Chromium 
12" Nickel 0.05 5 0.5 

17% Chromium Ci.1 35 0.7 

18% Chromium 
8% Nickel Nil 25 1.5 

6.4.3 Alteration of the Environment 

(a) Typical Changes 

To reduce corrosion, some conditions of the corroding medium or environment can bf> 
changed using the following techniques: 

(1) lower the temperature. For many environments, application of this method results in a sig
nificant decrease in corrosion rate. There are some exceptions where temperature changes 
have little effect on corrosion attack (see Reference 1). 

(2) Reduce the velocity. Very high velocities cause erosion-i:orrosion effects. For most applica· 
tions, decrease in velocity reduces corrosion rate. Exceptions are metals and alloys that pas· 
sivatf:, like stainless steels, which are more corrosion-resistant to flowing mediums than stag
nant solutions. 

(3) Remove oxygen or oxidizers. Deaeration, vacuum treatment, inert gas sparging and the use 
of oxygen scavengers are the techniques used. These are used for most applications e>Ccept 
active-passive metals or alloys, which require oxidizers to form this protective films and are 
vulnerable to reducing or non-oxidizing environments (see Reference 1). 

(4) Change the concentration. Normally, the corrosion rate is reduced by decreasing the concen· 
tration. On the other hand, many acids like sulfuric and phosphoric acids are less corrosive at 
higher concentrations at m<iderate temperatures. 

(b) Use of Inhibitors 

Inhibitors are substances which, when added in small concentrations to a corroding medium, 
reduces the corrosion rate. 

The types of inhibitors are: 
(1) PB11ivating Inhibitors. These consist of oxidizing anions such as chromate, nitrate, and 

nitrates. 
(2) Cathodic Inhibitors. lhese work through inhibition by polarization of the cathodic reaction, 

i.e. taking over the reaction with the excess dissolved oxygen in the electrnlyte. These in· 
elude cathodic poisons, i.e. sulfides, selenides, or arsenates ;cathode precipitates such as car· 
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bonates of calcium and magnesium and zinc sulfate; and lastly. the more popular oxygen sca
vengers such as sodium sulfite and sulfur dioxide. 

(3) Organic Inhibitors. These constitute a broad class of corrosion inhibitors which cannot be 
designated specifically as cathodic or anodic. Probably both anodic and cathodic areas are in
hibited but to varying degrees depending on potential of the metal, chemical structure and 
size cf the inhibitor molecule. 

(4) Precipitation Inhibitors. These are precipitate - inducing inhibitors that form a general film 
over the metal surface and interfere with both anodes and cathodes indirectly. 

(5) Vapor Phase Inhibitors. These are compounds which are transported in a closed system to 
the site of corrosion by volatilization from a source. 

There a • .; three prominent mechanisms by which the rate of corrosive attack of the environ
ment on the metal is reduced by inhibition namely: 

(1) Absorption on the metal surface of c1n invisible thin protective film formed by the reaction 
between the inhibitor with the oxygen content of the surrounding electrolyte or other corro
sion products on me surface of the metal. 

(2) Formation of bulky visible precipitates on the metal surf3Ce acting in some manner as a pro
tective coating. 

(3) Adsorµtion of a passive layer of corrosion products on the surface of the metal. 

Inhibitors can be introduced into tile system onstream or even during storage by the follow
ing techniques: 

(1) Continuous Injection. This is practiced in once-through •· terns where slugs or batch treat
ment cannot be distributed evenly through the fluid. 

(2) Batch Treatment A quantity of inhibitor is added at one time to provide protection for an 
extended perkxf with additional treatment done periodica· 

(3) Squeeze Treatment. This is a method of continuously feem _ e :nhibitor into an oil well. 
(4) Volat.1ization. This is applied to vapor phase inhibitor" commonly introduced into boilers 

and closed containers. 
(5) Coatings. This is used in coatings exposed to the al.mosphere, by being leached out of the 

pzint when water comes in contact with the paint coa. : .. q. 

6.4.4 Cathodic and Anodic Protection 

(a) Cathodic Protection 

Cathodic protection is the reduction or elimination of corrosion by making the metal a ca· 
thode either by an ehctrical power supply or by appropriate galvanic coupling to a sacrificial 
anode (usually magnesi•Jm, aluminum or zinc). Its application belongs to the hands of experienced 
specialists. 

Corrosion occurs when electricity flows from the metal (positively charged) to the corroding 
environment (negatively charged). Cathodic protection reverses the flow of curre.nt. 

( 1 I Cathodic Protection by lmpressed Current 

Figure 6.4 illustrates cathodic protection by impressed current. An external DC power 
supply is used with the negative terminal attached to the underground tank which is to be protect· 
ed, and the positive terminal to an inert anode like graphite. The electric connectors are carefully 
insulated to prevent lea~.age of current. The anode is normally imbedded in a backfill of coke 
breeze, gypsum or ~~ntonite. This improves the conduction of electricity from the anode through 
the soil to the tank. In common practice AC power supply is converted by a rectifier to low volt· 
age DC which is used in the cathodic protecticn system. 
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Figure 6.4 Cathodic Protection of an Underground Tank Using Impressed Currents 
Source: Reference 2 

(2) Cathodic Protection by Galvanic Anodes 

Cathodir ,,rotcction by galvanic coupling to an anode is illustrated in Figure 6.5. Here a 
structure made of mild steel is protected by including a magnesium sacrificial anode in th~ corro
sion cell system. Connecting magnesium with mild steel in a given electrolyte, say, water, by a 
wire/conductor. will result in a spontaneoos corrosion process where the magnesium is consumed 
as the anode and the mild steel is spared as a cathode. The selection of the sacrificial anode is 
based on the Galvanic Series and EMF Series Tables which indicate the relative potential of metals 
(see Appendix VI). 

The current generated from galvanic anodes is limited by their potential values given in the 
Series. For this reason. cathodic protection by galvanic anode5 ls normally used where the current 
requirement for protection is small. 

Cathodic protection is now widely used in three broad areas namely: 

i. Buried Structures - pipeline and utilities, underground cables and conduits, underground 
tanks, bottoms of above grade storage tanks. structural foundations, electrical transmission 
tower footings, sewage lift stations. eu:. 

ii. Interiors of Tanks and Vessels -· water tanks and settling basins. sewage disposal plants, 
5hips' cargo spacf:S, hot water and filter tanks. elevated fresh water storage tanks, eu:. 

iii. Submerged Structures, Fresh Water or Sa!t Water - locks, dams and gates, ship and barge 
hulls, piers piling and offshore structures, and bridges. 

The application of cathodic protection, however. does not :-es>lace the use of other protect· 
ive measures such as the coating systems. inhibitors, appropriate material selection and, control at 
the design stage. Rather, it is a ccst effective application of one or a combination of two or more 
of these measures to protect the system. 

(b) Anodic Protection 

Anodic protection is based on the formatioo of a protective film oo metals by externally ap
plied anodic currenu. This is done through the use of an electronic device called a potentiostat 
which maintains a metal at a constant potential with respect to a reference electrode. Figure 6.6 
shows a schematic diagram of an anodic protection setup. 
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Figure 6.S Cathodic Protection of a Uomestic Hot-Water Tank Using a Sacrificial Anode 
Source: Reference 2 

The installation of an anodic protection system entails complex intrumentation and hi~ 
cost. Its primart advantages are: applicability in hi~ly corrosive environments and low power re
quirements. 

Table 6.11 shows a comparison between cathodic and anodic protection. 

6,4.5 Protective Coatings 

Coatings serve as a barrier between the metal and the environment. 

The different mechanisms by which coatings protect can be summarized as follows: 

(a) preventing contact betw.:en substrate and the environment; 
(b) restricting contact between the environment and the substrate; 
(c) releasing substances which are inhibitive of attack by the environment on the substrate; 
(d) producing an electrical current which is protective of the substrate. 

The common claJSificati'lflS of protective coatings are: conversion coatings. metallic coat
ings. inorganic coatings and organic coatings. 

(a) Conversion Coatings (commonly known • nm converters}. These are inorganic films formtd 
by controlled corrosion on the metal MJrface. The metal atoms at the MJrface are converted 
into metallic coatings that become an integral part of the MJrface. f'hosphate. chromate and 
oxide coatings are the mOit oommon conversion coatings. 

The sequence of procedu·;a to produce conversion coatings is pre9ent!d in Table 6.12. 

Gener.:.lly. phosphate coatings by themselves do not improve corrosion resistance MJfficiently 
to merit the cost of open1tion. They are almost always used ( 1) as a base for paint or (2) to absorb 
corrosion-preventive oils or waxes. Their usual applications are for the protection of complex parts 
and msemblies. 

Chromate coatings are applied to various non-ferrous metals (Zn. Cd. Mg. Al, Cu. Ag, Be). 
They are incre•ingly used on aluminum • an alternative to anodizing. They serve as a paint base 
or• a final coating. Chromates are generally more corrosion resistant than phosphates but are not 
• effective for absorbing oils or waxes. 
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Table 6.11 Comparilon of Anodic llld Catfaodic Protection 

Applicability: 
Metals 

Corrosives 
Relative cost: 

Installation 
Operation 

Throwing power 
Significance of applied 

current 

Operating conditions 

I 

Anoclc protKtion 

Active-passive metals 
only 

Weak to aggressive 

High 
Very low 
Very high 
Often a direct measure 

of protected corrosion 
rate 

Can be accurately and 
rapidly determined by 

electrochemical 
measaJrements 

REFERENCE 
ELECTRODE 

c.thodic protection 

All metals 

Weak to moderate 

Low 
Medium to high 
Low 
Complex; does not indi-

cate corrosion rate 

Must usually be deter-
mined by empirical 
testing 

fipre 6.6 Anodic Protection of a Steel Sloup Tuk Containing SuUuric Acid 
Source: Reference 2 
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Oxide coatings are applied to a wide variety of metals. Black oxide coati~ on steel is one of 
the most common applications, serving to improve appearance and/or abrasion but this can be im
proved with the additiou of oils, waxes oe lacquers. 

Anodizing is a widely used type of oxide coating technique. A common application is 
anodized aluminum. Anodizing serves to increase resistance to corrosion and abrasion or as a paint 
base. 

(b) 4feta//ic Coatings. Metals can be applied as coating to other metals and alloys, by using one 
or more of the techniques listed in Table 6.13. 

Hot dipping is done by immersing the material in a molten batch of tht: coating. Galvanizing 
or zinc-coating of steel is the most common application. This method is used when a relatively 
thick coating is required, when the material is not very complex in form, or when there is no par

ticular requirement for coating thickness. 
Metal spraying, flam~ spraying or metallizing involves the application of a spray of molten 

metal drop!ets. This technique is applicable to large structures in the field and is useful for repair 

Table 6.12 Sequence of Procedmes to Produce Conversion Coatinp 
Source: Reference 12 

Zinc Phosphate Coating 
(such as for steel) 

1. Pickle to remove scale, etc., by mechanical or chemical means. 
2. Preclean in alkaline cleaner for 4 min. at 11°c 
3. Rinse twice in water at 32°C for 1/2 min. 
4. Treat with conversion mixture (zinc phosphate) at 11°c for 4 min. 
5. Rinse with water for 1/2 min. at 32°C 
6. Treat with chromate for 1/2 min. for corrosion protection. 
7. Dry 

Chromate Coating 
(such as for zinc) 

1. Pickle to remove scale, etr.., by mechanical or chemical means. 
2. Degrease :;,;ith vapor·pr~se material. 
3. Clean with alkaline cleaner at n°c 
4. Rinse 
5. Tre.:it with chromate at 27°C fc!" 10 sec. to 1 min. 
6. Rinse 
7. Dry 66°C maximum 

Anodizing 
(such as for aluminurn) 

1. Cledn 
2. Anc.dize by making the material the anode in ~ulfuric acid bath. 
J. Rinse 

4. Sea: by boiling in 4% sodiu:n dichromate for 10 to 20 mi'l. 
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work. Sandblasting. metal spraying and sealing may be cost-effective for structural steelwork com
pared with the application of several paint layers. Wire. powder and plasma are the three types cf 
metal-spraying processes used. 

Cladding is the bonding of a corrosion-resistant material over the material to be protected. 
The common materials used for cladding stP.el are copper, stainless steel. nick.le alloys and tita
nium. The usual app:ications are pressure vessels. kettles. heat exchangers. reactors and storage 
tanks. The bonding process is normally done by hot rolling and sometimes by explosive forming. 
While cladding is a very effective corrosion prevention technique. the following possible problems 
rn.1st be avoided: 

(1) Diffusion of unwanted elements from the basic material to the cladding metal wring the 
cllldding process or due to welding. 

(2) Undesirable metallurgical changes we to heat exposure. 

Problems due to welding can be minimized by welding the basic material first before the 
dad metal. 

Electr(>J!lating or electrodeposition provides a more uniform coating than hot dipping. a less 
porou! surface than metal spraying and a generally thinner coating. The common design rules for 
electroplating a metal are: ensure a smooth surface on the basic material, avoid sharp edges and. if 
possible. concave surfaces. 

Table 6.13 Techniqu\.S iw Applying Metallic Coating 

1. Hot Dipping 
2. Metal Sprayi"!J 
3. Cladding 
4. Cementation 
5. Vapor Deposition 
6. Electroplating 
7. Elec!roless Plating 
8. Mechanical Plating 
9. Metalliding 

Chemical vaJl()r·depasition is normally used for coating aluminum on ferrous alloys. Zinc 
and cadmium powders are sometimes mechanically plated as well as electroless chemical plating 
have the advantage of eliminating hydrogen embrittlement. 

(c) inorganic CoaringJ. Glass, ceramics arwi hydr-sulic cements are the usual inorganic coating 
fused on to metals for corrosion protection. These coatings do not provide sacrificial prott=etion 
or inhibitive action and should therefore completely isolate the material from the corrodent. 
Brittleness and vulnerability to cracking when heated are the main weaknesses of these coatings. 

(d) Of1/1111ic Coatings. These are of two types: (1) linings and laminates and (2) synthetic coat
ings. To this group belongs painti"!) which is the mmt popular type of coating. 

The painting job consists of three basic steps: coating material selection, surface preparation 
and the final stagf of paint application. 

(a) Coating Matt1rial Sdft1etion 

The prime requ;rement of a paint of coating material is that it must be suitable for the en
vironment and the service conditions of its use. Selecti<'n must be made on lil adequate con;idera-



tion of: its chemical and physical properties with corrosion resistance on top of the list; the 
tmVironment and service condition that the coating material in such an environment. previous 
experience and exposure tests available with the material; and finally. the cost of the material. 

With respect to service conditions. additional factors must essentially be noted in !aielecting 
an appropriate paint system: climatic temperature. sunlight exposure. abrasion on the substrate. 
and the type of surface to be coated. 

(b) Surface Preparation 

Surface preparation is the most important factor affecting paint and coating performance. 
Most coating failures are <lie to improper surface preparation. The methods of surface preparation 
are described in Table 6.14. Every specific paint system has a minimum surface preparation re
quirement of any or a combination of these methods. 

Coating failures can be classified as follows: 

(1) Loss of paint adhesion. Improper surface preparation may leave the mill scale on new con
struction steel; and rust, old paint. dirt. grease and oil on old construction structural mater
ials. Painting over these materials will result in loss of paint adhesion. 

(2) Osmotic blistering. If acids, alkalies. soluble salts and other corrosive contaminants are 
trapped between the protective coating and the substrate. blistering will destroy the paint· 
ing system applied. 

(3) Under-film corrosion. With the combined effect of loss of adhesion and osmotic blistering 
corrosion can easily i.1itiate on the surface of the structure being protected even under the 
coa·ting material. Such can be very obvious on the hills ar.d valleys on the contour of the 
base metal. 

(c) Paint Application 

Application is nearly as important as surface preparation. The suitability of each method is 
based on the l:mitations of working space, surface area of pro:ected structure, and the type of 
painting system to be used. 

(1) Brushing - the Most Vl'idely used method but also the most misused. Four common faults 
are: 

i. brushing where spray is best 

ii. wrong bristle for the type of paint 

iii. wrong size of brush 

iv. cheap, inefficient brush 

(2) Roller - fast, efficient for tanks, walls and fences and even fo1 roofs. 

(3) Spray - results in even thicknes.~. fast and efficient for large areas. 

The thicknas of applied paint is also a measure of the quality of application such that the 
dry film thickness of any paint sy~tem must be nott1 as a final step. 

The p&intin1 job, however, rnust not end at the application stage. Maintenance of the 
protective coating system must be ~iven !:p&eial attention as a 11ital aspect of the protective sy~ 
tern's life. Many !JOOd coa~ing systems with ~equate surface preparation and application tect •. 
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Table 6.14 Sur&ce Preparation Specificatiom 
Source: Reference 13 

SSPC-SPl Solvent Cleaning 

SSPC-SP2 Hand Tool Cleaning 

SSPC-SP 3 Power Too! Cleaning 

SSPC-SP 4 Flame Cleaning of 
New Steel 

SSPC·SP 5 White Metal Blast 
Cleaning 

SSPC·SP 10 Nec;r-Whitc Blast 
Clean~ng 

SSPC-SP6 

SSPCSP7 

SSPC·SP8 

Commercial Blast 
Clear.ing 

Brush·Off Blast Cleaning 

Pickling 

Purpose 

Removal of oil. grease. dirt. soil. salts. and 
contaminants by cleaning with solvent. va
por, alkali. emulsion or steam. 

Rem\lVal ~>f loose rust. loose mill scale. and 
loose pai11t to degree specified, by hand 
chipping. scraping. sanding and wire brush· 
ing. 

Removal of loose rust. loose mill scale. and 
loose paint to degree specified. by power 
tool chipping. descaling. sanding.. wire 
brushing and grinding. 

Dehydrating and remova! of rust. loose mill 
scale. and some tight mill scale by use of 
flame, followed by wire brushing. 

Removal of all visible rust. mill scale. paint 
and foreign matter by blast cleaning by 
wheel or nozzle (dry or \\et) using sand. grit 
or shot. (For very corrosive atmosphere 
where high cost of cleaninJ is warranted.) 

Blast cleaning nearly to white metal cleanli
ness, until at least 95% or each element of 
surface c.rea is free of all visible residu?s. 
(For high humidity, chemical atmosphere, 
m:.1rine or other corrosive environmr.nt.) 

Blast cleaning until at least two-thirds of 
each element of surface area is free of all 
visible residues. (For rather severe condit1011s 
of exposure.) 

61ast cl~e1ning of a!! except tightly adhering 
residues of mill scale, rust and coatin~s. t-:<

posing numerous evenly distributed flecks of 
underlying metal. 

Complete removal of rust and mill scale by 
acid pickling, duplex pickling or electrolytic 
pickling. May passify surface. 
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nique have failed without surviving its estimated minimum life because of lack of preventive main
tenance awarenes! on the part of the user. 

(d) New Coating f.:;:.'mf':t,;es 

Recent developments in coating techniques include electrostatic spraying. pow ;~r coating. 
force drying and electron beam curing. These are described in Table 6. 15. 

Tabl~ 6.15 Latest Coating Techniques 

Electrostatic Spraying. An electric r.harge is applied to the paint by the spray gun. The 
charged paint particles are attracted toward the grounded object being coated. depositing 
at points of maximum electrostatic attraction (thin areas). Can be combined with air and 
airle55 spray methods. 

Advantages: Minimizes overspray. has "'wrap-around"' effect. edges and protruding ir· 
regularities receive heavier coatings. 

Disad.antages: Requires electric source, electrostatic attraction diminishes as paint 
thickness increases; water base paints or those using highly polar solvents or containing 
metallic pigments may be too conductive to be applied by electrostatic spray. The object 
being coated must be grounded and electrically conductive. 

Powder Coating. Coo ting resins in powder form that are applied by electrostatic spray, 
fluidiz, -i be'1 or other methods. The coated object is heatPd, melting and sintering the 
powdE:. ~o form a continuous coating. 

Advantages: Insoluble resins can be applied such as polyethylene, polypropylene, 
nylon and flourocarbons, as well as Jther thermoplastic resins. Either thick or thin coat· 
ings can be applied in one application. The object can be handled immediately upon cool· 
ing. 

Disadvantages: Powdered materials present health and explosion hazard unless proper 
precautions are taken; expensive. 

Force Drying. This involves the heating of coated object after application to accelerate 
drying o; rate of coating cure. Ventilation system p1events solvent escape into 
atmosphere. 

Advantage: Dry time to topcoat or handle shortened. 

Disadvantage: Expensive to install and operate. 

Electron Beam Curing. This is a recent innovation in which electrons are accelerated 
through a vacuum and directed toward the object being coated by conventional means 
with a coating capable of being crosslinked. The electron beam excites the reacting mole· 
cules, completing crosslinking and cure within seconds. 

Advant.1ges: Rapid handling and cure times, less solvents in paint. 

Disadvantages: Cost; only a few coatings can be crosslinked at present (polyesters and 
acrylics); coatings in excess of seven mils cannot be cured. 
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Leak Prevention 

7.1 DESCRIPTION AND SIGNIFICANCE 

A very common cause of plant shutdown and leak damage to motors and nearby equipment 
is the failure of a dynamic seal on a high-pressure pump or valve. Significant ccsts are associated 
with leaks from equipment like a compressed air syscem. Proper sealing in a boiler feed pump is ne
cessary to prevent water leak which represents energy loss and water treatment costs. 

The leaking of a fluid is a waste of material and energy, and creates an environmental or 
cleanup problem. Lt=ak prevention is especially significant when safety is involved - the fluid 
could be an acid, a :iighly flammable liquid, a toxic gas or scalding steam. In any case, all fluid 
leaks must be prevented. 

lri general, it is easy to pre\lent a fluid from escaping provided that no moving parts are in
volved. Any openings in a container can be effectively closed with lids or stoppers. Contaim:rs may 
be made of st;?el, glass, rubber or paper and the fluid could be difficult to contain but some suit
able seal or replacement container can always be found. 

The problem is much more difficult when a moving shaft has to pass through the seal. The 
seal has to cope with movement between its own surface and that of the shaft. Much of this 
chapter will deal with this type of leak. 

7.2 LEAK DETECTION AND TESTING 

Leak testing for vncuum/pressure vessels is described in Reference 1. 

Methods of leak detection and test!ng include: 

a. Visual inspectior. 
b. Lise of ultrasonic detector 
c. Search gas methods 
J. Dye injection 
e. Use of radioactive material 
f. Vessel presi;ure methods 

1. isolation/prnssure decrease 
2. makeup 

g. Acoustic emission technique 

A number of visual leak detection techniques are available. The equipment may be pressurized 
hydraulically and liquid leaks observed. Some kind of coating may be applied on the surface to 
re11eal any leaks more clearly. Alternatively, pneumatic pressurization may be used and detection 
done using a soap bubble o~ similar technique. If thJ container is small, it can be immersed in a 
liquid, and the air bubbles would indicate the !')resence and loca~ion of leaks. 

The use of an ultrasonic det1ctor is a more powerful technique. The high frequency sound of 
the leak is picked up by the instrument distinctly from other noise. 

The search gas methods invoive the introduction of a search gas into the pressurizing air and 
leak is detected by a suitable device. The common gases and corresponding detectors are shown in 
Table 7.1. 
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Table 7.1 Search Gaes and Detectors for Leak Testing 
Sour-::e: Reference 3 

Search Gas 

Halogen Gas Halide torch 
Halogen diode detector 

Hydrogen Thermal conductivity detector 

Helium Thermal conductivity detector 

Nitrous oxide Infrared absorption detector 

Injection of a dye or a radioactive material are techniques which make use of traci09 the 
injected matter to detect leaks. 

Vessel pressure methods indicate the presence of a !eak using pressure as th~ parameter. One 
method is to pressurize the system. isolate it and measure the rate of pressure decrease. Another 
technique is to measure the inlet flow required to maintain the pressure constant. 

The acoustic emission (AE) technique detects sub-audible sounds emitted by high pressure 
leaks and the grnwth of a crack in a stressed structure. 

Visual inspection. ultrasonic detection search gas methods and dye injection are the more 
common techniques for locating leaks. Search gas and vessel pressure methods are good for lea!.: 
measurement. The ultrasonic detector and the more advanced acoustic emission technique are par
ticularly useful for leak detection during onstream operation. 

7.3 GENERAL LEAK PREVENTION TECHNIQUES 

Leak prevention is always associated with sealing. The general classifications of sealing tech
niques are: 

a. Permanent seals 
b. Demountable seals 
c. Electrical lead-throughs 
d. SP.als for transfer of materials 

7.3.1 Permanent Seals 

Different techniques are used for different materials in making permanent seals. Table 7 .2 
gives the permanent sealing methods for meul parts, glass-to-glass, glass-to-metal and ceramic-to
metal. 

Some recommended arrangements of welded joints for vaa.ium seals are shown in Figure 7.1 
together with incorrect practice~ which are to be avoided. The following points should be observed 
in the design and construction of welded seals for vacuum applications (Reference 3): 

a. The joints must be designed and welded with full penetration, avoiding trapped volumes 
which may collect contaminants. 

b. Single-pass welds should be applied whenever possible. Double-pass welds create tr~pped 
volumes which make leak detection diffir.ult. 
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Table 7 .2 Permanent Sealing T ecbniqU'!S for Different Materials 
Source Reference 3 

MATERIAL PERMANENT SEALING TECHNIQUE 

Mete:! parts We!ding, brazing 

Glass-to-giass Fusion 

Glass· to-metal Techniques specific to the metal used 

Ceramic-to-metal Use of glass as intermediate material 
Sintered metal techniques 

c. Weids should be made on the vacuum side of the vessel. 

-

d. If for reasons of strength a double weld i!; necessary, the inside weld should be the leak
tight one. Drilled and pluQIJed holes shoufd be provided on the outside weld for purposes 
of leak detection. 

e. Any necessary structural welds inside the vessel should be made discontinuous to allow 
easy flow of gases from any pocket. These structural welds should not cross the sealing 

ones. 
f. The welded assembly should be designed so that a maximum number of welds could be 

tested separately in thP. construction stage and corrected before final assembly. 

For making brazed joints, the following points should be observed: 

a. The smallest quantities of brazing alloy should be used. Better joints are obtained with 
small clearances a11d clean surfaces than when applyinQ big quantities of brazing alloy. 

b. Wide or irregular spaces between parts are to be avoided. 
c. The overlap between two parts to be brazed must be a minimum of 3 mm, in order to al

low capillary forces to c;uck in the brazing alloy. 
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Figure 7. I Welded Joints 
Source: Reference 3 
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d. It different metals are to be brazed. the assembly must be arranged so that the metal with 
the bigger thermal expansion is the outer part. This would tend to compress the brazing 

alloy during the cooling. 
e. The flow of the brazing alloy can be controlled by the construction of the joint. Figure 

7 .2 illustrates th is. 

1. Square comers (Figure 7 .2a) will give a good flow of the brazing al!oy, resulting in a 

strong and leak-tight joint_ 
2. If the first corner, from the side where the brazing allq is applied is round (Figure 

7.2b), the alloy will not pass this ~orner. 
3. When only the second corner is round (Figure 7.2c), the joint will be strong and leak-

tight. 
4. A square edge against a round corner (Figure 7.2d) would not be a good joint for bra-

zing. 

~-~ 
la! 

IC) 

Id) 

Figure 7 .2 Flow of Brazing Alloy for Different Edges of Joining Elements 
Source: ~cfrrcncc 3 

f. If the fl'>w of brazing alloy is to l<! avoided en a surface, an effectilie solution is to coat 

the area with carbon or chromium. 
g. As illustrated in Figure 7.3, lap joints or step joints are to be preferred in brazing for va-

cuum sealing applications. 

7 .3.2 Semi· Permanent and Demountable ~als 

The methods used for vacuum sealing of components which have to be opened from time to 
time are waxes or adhesives, ground joints, liquid~ or gaskets. Reference 3 gives tabulated data on 

particular types and their properties. 
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Waxes are mainly used for temporary sealing and for unique applications. For vacuum work, 
their long-term use should be avoided. Thef can be used for the temporary joining of metal, glass, 
quartz, ceramic (or plastic) parts OI for the temporary sealing of pin-holes or leaky joints. 

Adhesives are applicable for sealing pinholes or porous walls (using sealing lacquers) and for 
sealing edges (l!sing sealants). Selection of particular adhesives to be used depends on the shape of 
the seal. the thickness of the joint, the material to be joinP.d and the requirP.ment for heating or 
curing. Epoxy adhesives are useful for high vacuum seals since they are very stable and have toler
able outgassing rates. 

Silver chloride is applicable for vacuum seals at higher temperatures where waxes and ad

hesive seals are likely to fail. It is ust:ful in sealing metals, glass, mica, and other materials. The 
familiar applications of silver chloride sealing are glass windows. 

Ground seals are either plane, conical, spherical or socket types. Plane ground joints are used 
in applications where the joint must be closed and opened without mc,vin~ the parts axially, or 
where the diameter is too large to use conical or spherical joints. Spherical and socket ground 
joints were developed for applications where the alignment of the pctrts to be joined is difficult or 
where angular motion of the parts relative to each other is required. Ground seals can be used in 
vacuum apJ'.,llications or.ly if they are properly selected, assembled and maintained. 

liquid seals use liquid material to seal the gap between connected parts. When the liquid seal 
separates spaces having a pressure difference of one atmosphere, the sealing action is based on 
hydrostatic pressure or on the surface tension of the sealing liquid. Oil seals are used when simul
taneous lubrication is required, as in the cylinder seal of rotary pumps. Mercury seals are used in 
applications which require the seal to be permanently liquid. 
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Figure 7 .3 er.,zec1 Joints 
Source: Reference 3 
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7.3.3 Gmet Sells 

Gaskets are used between two connecting flanges to prevent leaks. Different materials are 

available for specific applications. 
An 0-ring seal is a demountable joint which uses a gasket of ciraJlar cr055-section. If the 

main compression force is exerted axially, it is known as a flange seal; if the force works radially, it 
is called a shaft seal. An 0-ring installed in a grooved area of a machine part is sometimes called a 
grooved seal. 0-rings are usually made of elastomer, especially for limited compression sealing. De
signs for unlimited con • .,ression seals use Teflon and metal gaskets. 

7.3.4 Electrical Lead-throughs 

Electrical lead-throughs are paths for electrical connections into a vacuum system or 
envelope which are joim:d by vacuum-tight seals. Permanent lead-throughs are usually glass-metal 
or ceramic-metal seals. They are available from vacuum equipment suppliers in different shapes 
and accordingly are called rod seals, stem seals. ribbon seals, disc or cup seals. Demountable lead
throughs can be removed as a whole from the vacuum vessel or can be disassembled by separating 
the electrical lead from the insulating part and thi~ part from the vacuum vesse!. 

7.3.5 Seals for the Transfer of Materials 

Vacuum seals used in connection with material transfer allow a port to be open during the 
transfer, while keeping the rest of the vacuum system leak tight. 

For the transfer of gases and liquids, cut·offs and stop-cocks or valves are used for large 
throughputs and controlled leaks for small throughputs. A cut-off is a device which uses a liquid 
for sealing, as shown in Figure 7.4. 

For the transfer of solids (specimens, tools, etc.) across the wall of a vacuum chamber, va
cuum locks are used. 

2 2 2 

01 bl 

di ,, 
Figure 7.4 Cut-offs With Liquid Seal; (a) U-thape: (b) V-thape; (c) With Separatina W3U; 

(d) Concentric Pipes; (e) For Variable Flow 
Sourc.:e: Ref.:rence 3 
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7.4 LEAK PREVENTION TECHNIQUES IN MOVING SHAFTS 

7.4.1 Types of Seals 

leak prevention in moving shafts is usually associated with packings and seals. A packing is a 
soft, rope-like material squeezed into a ring space around a shah. Seals are precisely formed me

chanical parts working to a design clearance or even interferc?nce. Sealing technique for moving 
components can be conveniently classified into four groups, namely: 

a. static 
b. semi-static 
c. rotating 

d. reciprocating 

The last two groups are known as dynamic s~als. 

7 .4.2 Static Seals 

A static seal is essentially a stationary container which surrounds the shaft to be seaied. This 
shaft is driven from outside without physical contact by means of a rotating magnetic or electro
magnetic torce. 

A simple system is shown in Figure 7.5. Two shafts sealed off from each other have magnets 
mounted on their ends. The rotation of the drive shaft attracts the magnet of the other shaft to 

tum in the same direction. Friction. however, causes the driven shaft to lag behind. Thus this sys
tem is limited in application to non-precision machinery like magnetic stirrers, children's toys and 
advertising demonstrations. 

Figure 7 .S Mapetic Drive Through Static Seal 
Source: Reference 4 
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Figure 7 .6 Split Electric Motor ~ With Static Sealing 
Source: Reference 4 
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A more sophisticated system for driving a sealed shaft is to mount the field coil of an electric 
motor outside the sealing container and the armature on the rotary shaft inside it. as shown in 
Figure 7.6. This provides better control on the driven shaft. This system has been used in space
craft and in some other high-technology applications. 

7.4.3 Semt-Static Sais 

A semi-static seal is basically a flexible sleeve or shroud which is tightly fitted to moving 
parts. There is no relative motion at the area of contact between the seal and the component; the 

flexibility of the seal allows for movement. 
The most familiar seal of this type is tha rubber sleeve used around the transmission lever of 

cars to protect the gearbox. Another example is the rubber muff which is used to enclose a univer· 
sal coupling to ensure that the lubricant is not contaminated or exposed. A wide variety of shapes 
and sizes can be designed to suit different applications. 

7 .4.3 Rotary Seals 

This group of seals has the widest application. There are many kinds of rotary seals. and this 

discussion will be limited to the more usefd ones. 

(a) Lip-seals 

The commonly known oil seal is a lip seal. The lip of the seal has a V·shapea section and is 
held against t.'ie shaft by a slight interference fit, by the pressure of a garter spring and by the 

pressure of the lubricant. 

Simple lip-seals are limited to a maximum oil pressure of about 100 kPa bec'Juse of the 
flexibility of tho rubber. Steel-supported lip-seals and used for pressure as high as 1000 kPa. 

It is important that the lip-seal is mounted correctly. The garter spring should always be on 

the oil side. 

(b) Bearing Seals 

Thin ~upported lip seais without a gartP.r spring are used to cover the gap between the 
outer and inner races of a ball-bearing. This keeps the lubricant in the bearing and protects it from 

dust or dirt. 
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ec) Clearance Seals 

A clearance seal does oot rub against the moving component. It is used ior sealirtg against 
splashing or creeping liquids but not when the liquid floods the seal location. Labyrinths and bush 
seals. shown in Fi!jllre 7J. are the most common types. The floating bush-seal is very widely used. 
especially when there is shaft eccentricity. A helical labyrinth. called a Viscoseal, is sometif"les 
used wher the direction of shaft rotation is constant so as to pump the liquid back by screw-feed 
mechanism_ 

(d; Flioger Rirogs 

A flinger ring is mounted on tile rotating shaft and flings off the liquid !:>~· centrifugal action. 
This is used when the liquid reaches the: seal location mainly by flow along the shaft. 

(e) Compression Packings or Packed Glands 

These are rings of flexible material mounted in an •ii!!.!iar space around the shaft and are 
loaded against the shaft surface by some form of axial compression. as shown in Figure 7.8. Com
pression packings can withstand pressu!"es as high as 30 MPa but are limited to lo~1Jar rubbing 
speeds. They are used in pumps. valves and other high-pressure hydraulic systems. 

le I FLOATING 81)SH 

F"9ft 7.7 Various Ciearance Seals 
Source: Reference 4 
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Packings are available in a wide range of matetials and forms. Table 7 .3 describes the appro
priate properties of some materic1ls which are considered in the selection for a partirular applica

tion. 
The forms and shapes of packings are iilustrated in Figure 7.9 ... A .. is a flexible all-mPtal 

packing made by wrapping thin ribbons of babbit foil. and is used for close-tolerance rods and 
shafts. •13 .. consi$ts of simple twisted yarns for high flexibility. It is suitable for small-va!ve stems. 
··c-- has a core of extruded asbestos and ,,-aphite for flexibility and sensitivity to gianct adjust
ment. It is jacketed by braided asbestos which is reinforced with inconel wire . 

.. 0 .. is similar to ·-c .. except that the jacket is of finer yams to allow for die fo-ming ... E .. is 
a braid-over-braid form. designed for his'1 'ressure requirements at slow speed. as in valve packing 
boxes. The interbraid form of .. F .. is ~:stant to raveling, having each strand passing through the 

entire section . 
.. G .. is becoming a more common form because of its application to rings made of ~aphite 

foil. Ribbon-form foil is wound around a shaft to suitable ring width. then die-formed to what 
looks like a solid ring. 

These different structural farms of packings have been desigr-.ed for reasons of nature of 
expected service. the form and tolerances of the stuffing box or enclosure and the packing gland 
which compresses the packing. 

The characteristics usually desired of a packing are: 

(1) largely impermeable to the fluid being sealed. However. complete impermeability is 
usually not desirable because fluid absorption prevents glazing aild burning of the 
packing. Controlled leakage may be allowed at high shaft speeds (e.g .• in a centri
fugal pump) but absolute leak prevention may be required for low shaft movements 
as in a valve stem. 

(2) Resistant to physical damage. This is the reason for braiding. Sometimes. the yarns 
are impregnated with oil or graphite. 

(3) Structural integrity to maintain its shape. A packing must retain its form to resist 
pressure. 

(4) Resistant to abrasion. This is a basic characteristic of a good packing material. 
(5) Ability to dissipate heat outwardly is important in most applications. 

GLAN> NUT ---

Figure 7 .8 Compraaion Pack ins 
Source: Reference 4 
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Asbestos 

Carbon 

Graphite 

TFE 

Aramid 

Glass fiber 

Metals 

Table 7.3 Packing Materials Properties Used a Ba for Selection 
Soura:: Reference S 

This packi~ material has been used for a long time beca.1se of its 
resistan.'.:e to heat and pressure. It can be braided~ reinforced for 
sealing pumps and va!ves. 

Resists fairly high temperature (up to around 650°C) and dissipates 
heat well. It has high chemical resistance and withstands high surface 
speeds. 

A purer, more expensive form of carbon with slightly better packing 
properties. In yam or foil form, it can meet nearly every power 

plant packing need, and is used where other less expensive materials 
fail. 

This material, tetrafluoroethylene, i~ highly resistant to chemicals 
and has low friction. However, its poor heat transmission causes 
heat building if surface speeds and gland pressures are excessive. 
Temperature limit is around 26'l°C. It is gentle on shafts and has 
low extrusion tendency. 

This is a very strong material, with outstanding resistance to chem
icals over a wide pH range. It is resistant to tearing, but has a tempe
rature limit of about 260°C. As a shaft abrader, it surpasses asbestos. 

Generally mixed with other materials, glass fiber has high strength 
arY.I chemical resista.,,;e. It. resists wear and abrasion but c<n damage 
shafts. Dimensionally stable, it does not coid ilow when under com
pression. 

To meet the requirements of sec:ling and accommodating to the walls 
of the packing box, most metals for packing are in the form of foil 
or ribbon that is twisted or rolled, often in combination with other 
materials, to make a shape that will compare with the square cross
section of braided or die-formed packing. Examples are babbitt, 
aluminum and copper. 

For sealing high-pressure steam, carbon and graphite have the best advantage. Tetrafluoro
ethylena (TFE) is used against various chemicals at relatively low temperature of operation. 

(f) Mechanical Seals 

A mechanica; seal effects sealing by the pressure of two bushes against each other on 
their radial faces, so shown in Figure 7.10. One of the bushes ii fixed and sealed to the rotating 
shaft and the other to the housing. One of the two bushes is made of, or faced with a dry bearing 
material such as graphite or polytetrafluoroethylene (PTFE or Teflon) and this is commonly called 
the bush. The other is made of hard matt=rial such as steel or tungsten carbide, and is lmown as the 

101 



® 

® 

@ © 

© ® 

Figlft 7 .9 Principal Fonns of Compression PadtiJJg 
Source: Reference 5 

seat. The basic idea behind this design is that the clearance between the bushes would be so small 
that practically no liquid could escape even though a f!lm of liquid would be there to prevent 
sol id-to-sol id contact. 

The axial load which presses one bush against the other can be provided by a helical spring. 
a Belville washer or hydraulic pressure. A stationary seal is provided ben.wen the bush or seat and 
the shaft or housing. This static se31 can be a rubber sleeve. one or more 0-rings. or a lip seal. An 
example of a mechanical seal is shown in Figure 7 .11. 

Damage to the seal is normally by cratering or groovir.g of the radial faces. Repairs can some
times be done by relapping. but usually replacement with new rings is required. Thus. it is impor
tant that the seal face material resist corrosion and wear. Refer~nce 5 gives some common man
ufacturer-recommended seai face combinations for several conditions of service. 

Besides seal faces. the cthe1 design areas of the mechanical seal where the materials m!Jst be 
properly selected are the secondary sealing elements. the seal-head components and the material of 
the seal rings. 

Pumps are the most common applications for mechanical seals. 

7.4.4 Seals for Reciprocating Shafts 

Many of the seals already described are suitable for use with reciprocating shafts. For small 
distances of shaft movement. bellows or diaphragms may be applicable while for low speeds with 
good lubricants. 0-rings. packed glands and lip-seals can be used. 

Additionally. there are seals specially designed for reciprocating movement and these include 
U-ring chevron packings and piston rings. 

(a) U-rings 

A typical U-rin':I installed for a hydraulic actuator rod is shown in Figure 7.12. The deforma
tion of the ring shape by compression indicates the loading of the lip against the rod surface. 

The U-ring should be installeJ such that the rod moves away from the open side of the U 
when that side is under pressure. All rubber ring seals in reciprocating shafts should have greater 
axial thickness than the clearance between the shaft and the housing bore. 
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Figure 7. I 0 Basic Design of Mechanical Seal 
Source: Reference 4 
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Figure 7. I I Example of a Mechanical Seal 
Source: Reference 4 
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(~) Chevron Packings 

A chevron packing is one in which tt.e cross-section of the compressii>le ring is in the form of 
a broad V. This type is p:trticuJarly S'Jitable for reciprocating systems and are usually mounted be

tween shaped metal rings with litue or no mechanical pressure. Slight tightening is done to elimi
nate play of the rod. In case of excessive leakage. the chevron is sometimes compressed. but only 
as a stop-gap measure. to reduce leakage until repair is done. 

(c) Piston Rings 

The most common piston ring is the split metal type used in a car engine. The all metal 
pistor. ring withstands high temperatures and oxidi:!ing conditions but must be used with lubrica
tion. For lower temperatures and where liquid lubrication is not possible. the suitable pistcn ring 
material can be reinforced PTFE or carbon. Graphite or other lubricating composites can be used. 

Figure 7 .12 U-Ring Seal for a Hydraulic Actuator Rod 
Source: R·~fcrence 4 

7.5 TIPS FOR SEAL HANDLING AND INSTALLATION 

The following are useful guides that must be observed in the installation of sea!s. 

a. Be clean and accurate. Dirt allowed into the stuffing box may cause serious damage, 
the least of which is scratching the seal faces. 

b. Flexible sea! materials should be handleJ carefully because they are mostly soft and 
vulnerabie to handling damage. 

c. Make sure that the counterface surfaces are smooth and that the seal's shape and size 
conforms properly to the groove for it. 

7.6 REPAIRING LEAKS 

6). 
5Ctme common sources of leaks and possible methods of repair are listed below (Reference 

a. Static ga-.ket seals. 

1. Tighten seal b1Jt not to? much. 

2. If method 1 does not work, shut down thr. system and examine the gasket and gasket 
surfaces. 
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3. Replace any damaged gasket and smooth rough surfaces (use fine emery cloth). 
4. When the gasket is not damaged, clean (with acetCJne. etc.), coat with I ight film of good 

quality vacuum grease (wher. permitted), and re-assemble seal. 
5. Do not use sealing materials such as glyptal to stop the leak. This procedure is tempo

rary and the gasket can not be used again. 

b. Movable, gasketed .;eals (Wilson, chevron, etc.). 
1. Add a small quantity of good quality vacuum grease to ~e moving member and 

operate this member a few times through the seal. 
2. If method 1 does not work, try tightening the r~taining rings on the seal. 
3. If method 2 does not work, dismantle the seal and examine the component par.;. Re

place all damaged parts. 

c. Flare fittings (and similar metal-to-metal seals). 
1. Tighten the compression nut moderately. Toe much tightenmg is likely to twist the 

tubing passing through the fitting. 
2. If method 1 does not work, take the joint apart. 
3. Try annealing the copper flare. 
4. If method 3 does not work, use a thin coating of a suitable sealant (glyptal, etc.} on 

the surfaces that make contact. 

d. Soldered, brazed, and welded joints. 
1. For temporary repair. use a cement. This method works for small leaks where the 

diffusion pumps are in their operating range. A "thin" cement (clear glyptal, Eastman 
Kodak Resin 910, etc.) can be used for the smallest leak. For somewhat larger leaks 
use a "thicker" cement sucn as red glyptal. 

2. For permanent repair, rework the joint or replace the part. 

e. Leaks· through metal parts. 
1. For temporary repair. use a cement as in the case of soldered, brazed, and welded 

joints. 
2. For permanent repair, rework the part involved (as appropriate) or replace the part. 
3. Peening the leak is not reliab!e. 

f. Glass-to-metal seals 
1. A temporary seal can be made with a cement or wax (heat part appropriately). 
2. Rework wax seals. Such seals are not recommendej for joining these materials. 
3. For permanent repair, replace the seal. 

g. Glass-to-glass joints, cracks, and pinholes in a glass system. 
1. For small leaks, use a cement (at room temperature) or heat the glass and applv a suit

able wax (picein, sealing wax, etc.) 
2. For a large leak, rework the glass or replace the part of the system where the leak is 

located. 
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Industrial Water Treatment 

8.1 DESCRIPTION AND SIGNIFICANCE 

8.1.1 Importance of Water Treatment 

Water plays an important role ir. almost all industrial processes. It is either used directly as a 
raw material in manufac~uring processes or indirectly as an important utility for washing, cleaning, 
steam yeneration and cooling. While water is considered the lifeblood of industrial processes, it is 
also the source of most intricate problems in industry. A water treatment program is an effective 
approach to the preventiwt. maintenance of water/!,team carrying equipm mt and lines. Plant per
formance is strongly affected by the quality of water llsed. The proper water treatment techniques 
should therefore be applied to preclude water related problems. 

The setting up of industrial water treatment µrogran1s properly belongs to the hands of spe
cialists. Reputable suppliers of water treatment chemicals in the Philippines usually provide free 
services in program setup for prospective clients. 

8.1.2 The Properties of Water 

Water is often referred to as the universal solvent and thus always contains dissl!lved impur
ities in its natural state. Even rainwater which can be considered as pure water has dissolved gases 
in it. Surface waters contain various kinds of minerals and microorganism~ leac11ed out from rocks, 
sediments and the soil. The quality of water. which is measured by the amount of entrained and 
dissolved impurities, varies depending upon several factors SlJCh as season. weather, temperature 
and biological activity. This is particularly true in inland waters such as lakes, rivers, estuaries 
(where rivers neet the sea) and most surface waters. Underground water quality on the other hand 
is relatively constant inasmuch as the flow of underground water compared to surface water is very 
slow. 

Anything in water that is not water is a contaminant or an impurity. The identification and 
quantification of each impurity is very important in specifying a cost effective treatment program 
to obtain good quality water. Table 8.1 lists the common impurities found in water. 

8.2 WATER-RELATED PROBLEMS 

The three major problems in water systems are scale deposition, corrosion and fouling. 

~.2.1 Scale Deposition 

Scale is a dense coating of predominantly inorganic materials and results from supersatura· 
tion of water soluble salts. The primary effect of scales is the retardation of heat transfer in boil· 
ers, heaters and other heat exchange equipment; blockage of water flow through filters, water lines 
and headers and the deposition in turbine blades in the case of steam. The common ~ales found in 
steam and cooling water systems are calcium carbonate (CaC03 ), calcium sulfate iCaS04 ), calcium 
phosphate (Ca3 (P04 )i), magnesium silicate (MgSi03 ) and silica (Si02 ). 
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Table 8.1 Water Characterimcs/lmpurities and the Diff1eulties They Cause 

Turbidity 

Color 

Hardt'le$S 

Alkalinity 

Free Mineral Acid 

Carbon Dioxide 

Sulfate 

Chloride 

Nitrate 

Silica 

Iron 

Oxygen 

Hydrogen Sulfide 

Ammo11ia 

Suspended Solids 

o Interference in most process uses 
o Deposits in water lines. process equipment, etc. 

<> Hindered prl!Cipitation methods such as in iron removal 
and softening 

o Foaming in boilers 
o Stained product in process use 

o Scaling in heat exchange equipment, boilers, pipelines, 

etc. 
o Formation of curds with soap 

o Interference in processes such as dyeing 

o Foaming and carryover of solids with steam 
o Embrittlement of boiler steel 
o Formation of carbon dioxide in steam from decompo

sition of bicarbonates and carbonates 

o Corrosion of metal in water systems 

o Corrosion in 111ratcr lines and particularly in steam and 
condensate lines 

o Increased solid content of water 
o Formation t>f scale with calcium hardness (Calcium sul· 

fate) 

o Increased solid content of water 
o Increased corrosive character of water 

o Increased solid content of water 
o Growth of microorganisms 

o Scaling i!'I boilers and cooling water lines 
o Deposits in steam turbine blades 

o Water discoloration on precipitation 
o Deposits in waterlines. boilers, etc. 
o Interference in several industrial process e.g. dyeing, 

tanning 
o Interference in the action of some water treatment 

chemicals 

o Corrosion of water lines, heat exchange equipment, 
boilers, condensate lines, etc. 

o "Rotten egg" odor 
o Corrosion of metals in water systems 

o Corrosion o• copper and zi1,.; alloys 

o Foaming 1,, boilers 

o Interference in industrial processes J 
o Deposits in heat exchl!nge equipment, boilers, water· 

lin11S, etc. ----
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8.2.2 Corrosion 

Corrosion is usually caused by the presence of oxygen (02 ) in water. It can also be caused 
by the presence of other acid gases such as carbon dioxide (C02 ) and hydrogen sulfide (H2S). and 
free mineral acids such as hydrochloric and sulfuric acids (HCI and H2S04 ) in the water. The pri
mary cause of corrosion ir. steam/condensate systems are 0 2 and C02 • In cooling ~'3ter systems. 
corrosion is caused by dissolved 0 2 and foulanls. 

8.2.3 fouling 

This problem is brought about by water-suspended materials (inorganic and/or organic) 
which accumulate on metal surfaces particularly in low flow regions and heat transfer sorfaces. 
Some foulants occur naturally and some are tJroduced artificially in water and in the system. Na
tural occuring foulants are mud, silt, natural organics, dissolved solids and biological growths. 
Foulants produced artificially in the water system are sewage. coagulants and flocculants, corro
sior1 products, sludges and precipitated mineral deposits and process contaminants. 

8.3 DETECTION AND ANALYSIS OF WATER-RELATED PROBLEMS 

The existence and extent of water-related problems are determined through the monitoring 
and evaluation of important water parameters. These observations and measurements also indicate 
the level of effectivity of water treatment techniques used. 

As a rule, system control is based on both the absolute value of a parameter reading arid 
the trend indicated by several readings. These are compared against specified limits and previous 
experience. 

8.3. 1 Steam Systems 

The parameters and the location of points where they are measured in a steam system are 
shown in Figure 8.1. With the information gathered from regular and on-line measurements, the 
analysis and prediction of deposition, oxidation and corrosion damage can be made with consid
erable acc1.1racy. Table 8.2 summarizes the important parameter ranges and limits for a steam 
system. 

8.3.2 Cooling Water Systems 

The water parameters determined in steam systems are similarly analyzed in cooling water 
systems. Figure 8.2 shows the sampling locations for a cooling water system. Additionally, there 
are specific monitoring techniques used for detecting corrosion, deposition and fouling. 

(a) Corrosion Monitoring 

The common techniques used for detecting corrosion in a cooling water system are: 
( 1) Corrosion Coupons 

{2) Electrical Monitoring Devices - namely, Electrical Resistance (ER) Probes and Linear 
Polarization Resistance (LPR) Probes 

Uses of these techniques are diiCUssed in Chapter 6. 

(b) Deposit Monitoring 

The technique in deposit monitoring involves measurement of heat flux through a heat trans
fer surface under water velocity and temperature conditions matched to those of the system's heat 
exchange equipment. The decay of the heat transfer coefficient is a measur.:. of the amount of 
fouling that has accumulated up to the time of measurement. 
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Table 8.2 Boiler Water Umits and Associated Steam Purity 

R.nge of Range of Maximum 
TDSin Total Suspended Range of Silica in 

Drum Boiler Alkalinity Solids in TDSin Boiler 
Pressure Water in Boiler Boiler Water Steam Water 

(kPa) (ppm) Water(ppm) (ppm) (ppm) (ppm) 

See Note 1 See Note2 

Drum Type Boilers 

0 - 2068 700- 3500 140- 700 15 0.2 - 1.0 150 
2069 -- 3102 600- 3000 120- 600 10 0.2 - 1.0 90 
3103 - 4137 500- 3000 100- 500 8 0.2 - 1.0 40 
4138 - 5171 400- 3000 80- 400 6 0.2 - 1.0 JO 
5172 - 6502 300- 1500 60- 300 4 0.2 - 1.0 20 
6206 - 6894 250- 1250 50- 250 2 0.2 - 1.0 8 

6895 1800 100 See Note 3 1 0.10 5 
12.411 16.201 50 N/A 0.10 1 
16.202 17,925 25 N/A 0.10 0.5 
17,926 19.993 15 N/A 0.10 0.1 

Once Throu_. Boilers 

1400 and Above 0.05 N/A 0.05 

Notes: 1. Actual values within the range reflPC:t rhe TDS in feed water. higher values are for high 
sc>lids; lower values are for low solids in the feedwater 

2. Actual values within the range are directly praportional to the actual value of TDS of 
boiler water. Higher values are for the high solids lower values :ire for low solids in the 
boiler water 

3. Dictated by boiler water tr~trnent; shoo Id not exceed 100 ppm. 

(c) Biological Fouling Monitoring 

The assessment of the effectiveness of biocides and biological treatment programs can be 
done through total plate counts and direct biofouling monitoring. Biocide selection can also be 
aptimized using such methods as the Realtive Population Density Test and the Zone of Inhibition 
Test. These methods are described in Table 8.3. 

8.4 WATER TREATMENT TECHNIQUES 

The two (2) broad classification of water treatment used in inck.$tries are the internal and 
external treatment techniques. Depending on the end-use, eit.hr:r one of the combination of the 
two can be applied. 

8.4.1 External Treatment 

This is also called pre-treatment and is aimed at the removal of bulk suspended and dissolved 
matter which could otherwise find their way to hec.t exchange equipment, boilers, cooling towers, 
pipings and turbines to produce scaling. fouling and corrosion. The different external water treat· 
ment methods are described in Table 8.5. 

11 J 



-..... 
""' 

Temperature 

I I 

--\ I 
\ / Cooling Tower 

\ / 
~--+-_____..\ I 

\ ;I (~J 

Make-up 
water 

&lowdown 

~
Temperature pu 

~ '-I hlorldH ' ,., 
kallnlty 
DS, $HICO 
lclum Hord ne11 

Reclrculatlng 
CoollhO W-:oter 
Pump 

CW Suppllf 

A 

Proce11 Heat Exchanger• 

CW Ret:.irn 

Temperature, pH 
ChlortdH 
Alkallnlty 
TDS 
Slllca 
Colctum Hardne11 
Fe, Cu 
"'-~~~~~~~~~~ 

Figure 8.2 Cooling Water System Sampling Locations 



1. 

Table 8.3 Techniques for Monitoring BioloPcal Foaling 

Total Plate Counts. This is carried out using prepared sampl~ of me water with de
finite concentration of biocide. After a suitable incubation period. any organism 
present will have grown into a countable oolture. The effectiveness of the i:>iocide 
and the optimum concentration can be ascertained by comparing the population of 
microbial ooltures in each ~e. For evaiuating the treatment program, a record 
of total counts over a long period of time can be correlated to the syste.-n perfomr 
ance. Analysis of the biological trend indicates whether or not a system is under 
controi. 

2. Direct Biofouling Monitoring. This uses the physical effect created by biological 
film (slime). which is the inordinately large pressure drop created in a flow passage, 
as the basis for assessing the degree of fouling. The equipment used. which !s some 
sort of a tESt heat exchanger. monitors the pressure drop in the biofilm. The fric
tion factor can then be correlated with the development of biofilm in the cooling 
water system. 

3. Relative Population Density Test. In this test. reprP.Sentative water samples are 
dosed witll various microbiocides at different concentrations. The percentage by 
which the concentration of organisms is reduced in the samples is found by con· 
ducting plate counts before and after inoculation. The microbiocide providing the 
highest % reduction at the most economical concentration is generally the pre
ferred product. 

4. Zone Inhibition Test. In this test. a small pad saturated with a particular biocide is 
placed in the center of a petri dish containing nutrient agar. The water sample i~ 
introduced to the plate. While no growth will be found on the pad itself. a con· 
centric ring that is free of microbial growth will be seen (zone of inhibition). The 
larger this zone. the more effective the microbiocide. 

Table 8.4 Guidelines for ~ng Biological Counts 

Count Range 

0- 10,000 
10,000 - 500,000 
500,000- 1,000,000 

1,000,000 - 10,000.000 
over 10,000,000 

8.4.2 Internal Treatment 

Indications 

Essentially sterile 
System under control 
System may be under control but should be 
monitored 
System out of control requires biocide 
Serious fouling problems may be occuring; I 
immediate biocide additive required __J 

With all the attention given to removal of impurities from make-up wester (external treat· 
ment), the water used in the main system (e.g. boiler water and recirculating cooling water) still 
demands additional treatment to further prevent the OCaJrence of any water related problems. 
Operational upsets, procedural errors, inaccurate water analysis will make possit:le the intrusion 
of impurities in the main ~ystem. Hence, to further safeguard the system, supplementary treatment 
in the form of chemicals are necessary. The following sections discuss the internal chemical treat· 
ment methods which are applicable to boiler water, condenwte and cooling water systems. 
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Table 8.S Extaml Water Treal•at Metbocls 

Method Equipment 

1. Direct Filtration Gravity Filters. 

2. Sidestream 
Filtration 

Pressure Filters 

Steel Screens 

Fressure Filters 

3. Fine Filtration Filter Cartrides. 
Precoat. magnetic 
and ultra filters 
(UF) 

4. Aeration Aerator 

5. Coagulation/ 
Flocculation 

Solid Contact 
Clarifiers 

6. Lime/Lime Soda Lime/Lime Soda 
Softening Softeners 

Application 

For removal of 
90-98'X. of partides 
larger than 2/cm in 
moderate turbidity 
water of up to 200 
ppm suspended solids 

For removal of large 
suspended solids 
(down to 0.5 nm 
size) in water in
takes 

On stream water fil
tration in open re
circulating systems 

For removal of 
fine solid partides 
in low turbidity 

waters 

For removal of dis
solved gases in water 

For removal of dis
solved impurities in 
highly colored sur· 

face 

For reduction of 
hardness and so
luble silica in hard 
water 
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Filters consist of one 

or more media 
graded from coarsest 
to finest 

Uses one rela!ive!y 
coarse and a second 
screen finer by less 
than an order of 
magnitude 

G11?nerally. 1-5% of 
tne circulating water 
flow is passed 
through filter 

Coagulants such as 
Al 2(S04 ) 3 and FeCI 3 

are used to co3gulate 
the dissolved impuri· 
ties to form settle· 
able solid 

C3n be carried out 
hot (102-110°C) or 
cold (4-32°C). 

Uses lime and soda 
ash for hardness re
moval (down 35-50 
ppm range) with the 
added benefit of sili
ca removal vie: ild

sorJ:;tion on M~ 

(OH)i precipitate. 
IVlgO is added if the 
amount of magne
sium in water is not 
enough. 

--------------------·--- . ___________________________________ __'._____j 



Cont. (fable 8.S) 

7. Ion Exchange 

8. Deaeration 

Sodium Cation 
Exchange Unit 

Hydrogen Cation 
Exchange Unit 

Hydroxyl Anion 
Exchange Unit 

Weak Base Anion 
Exchange Unit• 

Weak Acid Cation 
Exchange Unit• 

Strong Acid Cation 
and strong Base 
Anion Exchange 
Units• 

Deaerator 

9. Electrodialysis Electrodialysis (ED) 
Cells 

10. Reverse Reverse Osmosis 
Osmosis (RO) Unit 

Hardness removal 
(water softening) 

H.-dness and alka-
1 inity removal 

Alkalinity. 002 
and silica removal 

Bicarbonate removal 

Bicarbonate and 
carbonate removal 

Removal of all im

purities 

Removal o~ uncon
densable gases pri · 

marily 0 2 

For removal of dis
solved ionized im
purities (9().99% 

removal) 

For removal of dis
solved ionized and 
unionized impuri
ties (90-99% removal) 
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Uses Sodium zeolite 
RSin Regenerant 

(NaCl) 

Use Hydrogen 
(Strang Acid) 

(Strong Acid) resin 

Uses Hydroxyl 
(suong base) resin 

Uses Weak Base 
Anion Resin 

Uses Weak Acid C:C.. 
tion Resin 

Demineralization 

process 

Operate at~ 107°c 
and 34 kPa gage. 
Uses steam for heat
ing. 

Operation is based 
on principle of elec
trical charges. i.e .• 
opposite charges at

tract and similar 
charges repel 

Operates on tt.e 
principle of reverr.e 
osmosis. i.e., flow •:>f 
solvent through a 
semipermeable mem
brane is from low 
concentration to 
hi~ concentration. 
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(•} Sale Inhibition 

The bmic me1hods for preventing the formation of scale are IS follows: 

o keep the scale forming constituents in solution; Ind 
o allow the impurity to precipit:Jte as a removable sludge rather than as a hard dep>sit 

( 1) Boiler Water Systems 

Preventive treeb•ient for scale inhibition i!'l boiler water systems involves the use of either 
phosphatr-: or chelanu. The former precipitates an insoluble sludge while the latter prevents sludge 
formation. In either case deposits are avoided. 

Phosphates are considered the mnd•'d chemical for treating low hardness water. The forms 
commonly used are: monosodium (acid), disodium -"!t!lltral) and trisodium (alkali) phosphates. 

i. Conventiona! Phosphate Treatment 

This is applicable to boilers operating betow 8270 kPa gage-. Phosphate is added to remove 

calcium hardness as a non-acllerent phosphate sludge which can be removed by blowdown 
when enough alkalinity is present. Calcium is not precipitated prJperly when pH is betow 
9.5. 'The disadvantage of the treatme1t is that the phosphate reactions increase the alkalinity 
and adds to the solids content of the boiler water. 

ii. Coordinated pH/Phosphate Treatment 

This method was developed to do MaY with the disadvantages of conventional phosphate 
treatment and make possible use of such chemicals at h:~er boiler pressures. The treatment 
ensures adequate alkalinity without the addition of caustic soda or formation of free caustic 
in the boiler water. The quantity of phosphate used depends on the sodium-to-phosphate ra
tio (Na/P04 ). Recommended Na/P04 ratios are 2.&2.85, depending on !everal factors such 
as opQrating pressure and impurities pr~nt. The desired ratio is maintained by controlling 
the proportions t'f monosodium, disodium and trisodium phosphates in the boiler water. 

Chelants and other synthetic polymers are boiler water treatment chemicals which disperse 
precipitated particles, distort crystalline deposits and keep scale forming minerals in solution to 
inhibit scale formation. These however have only limited applications in boilers operating at pres
sure above 8270 kPa gage. The residual concentrations of these chemicals should be maintained 
properly in order to achieve good treatment. 

With regards to silica, there are no known internal chemical treatment which can preclude 
the effects of silica scale. Silica scale deposition can be prevented only by keeping its concentra· 
tion in the boiler water below the maximum limits by blowdown. 

(2) Cooling Water Systems 

For scale inhibition in cooling water systems, the treatment chemicals that can be utilized 
are the solubilizing chemicals and crystal modif icrs. 

Solubilizing chemicals are specialty chemicals which have the ability to keep scale-forming 
materials in solution at concentration levels substantially hi~er than rni~t be expected. Most of 
thew are used primarily to prevent ca:cium based scaling. The common solubilizing chemicals used 
in cooling water systems include chelants (e.g., EOTA and NTA), inorganic phospha~. synthetic 
polymers (e.q. polyacrylates), organo-phosphorus compounds (e.g. phosphonates and phosphate 
esters) and acids (e.g. H2S04 ). Table 8.6 shows a comparison of the leading scale control agents. 
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Chel1nts 
(e.g. EDTA•t 

Table 8.61.ading Scale Control Agents 

0 Cast relaliwly ............ 
t.nm doage isl-5 ppm 

o Effec:tiw'"" n NF 
tlmper.ans (120°C) 

o Stable ...t sollble at NF 
... low pH. Non-toxic 

o EJllCellent dispenant pro
perties 

o Keep c*ium 11111 in sollJ. 

tion even It h9' pH and 
S8Wft IClling condition 

0 M.ir.teNnce doSlge is 
3-5ppm 

o S1111e • phosphona1a 

0 Re.cts wi1h "1ang cationic 
c:herniclls (t.g. biocides) 

o a..miclls fnlm cflfhrent 
suppliln may YlrY 

o AMP is rudily Clll1rOyed by 
chlorine. Degradltion of 
AMP c:rn111s 1he IClle-form
ing orthaphCJIPhate ions 

o HEDP is sUble wi1h chll> 
rilW but ~ in 1he ;ll'e

sence of iron ...t iron oxide 
deposit. 

0 These .. ... chelftng 
~ which an atllCk 
steel ... capper llloys 

o Less st.able; de!Jaded easaly 

o Holds alcium !Clles in so- o Degr.te to or1hophosphfte 
lutiun for I limited time form 

o C.. keep scale llld iron 
oxide deposits from forming 
even It very low doSlge 
levels 

o Keeps calciurr. scales in 
solution (sequestrltion) 

o Good for scale solubiliza
tion Ind pH Mtjustment 

0 

o Expensive, not cost effec
tive 

o Procllce soluble slits of sca
ling materills 

o Fluctuation in 1eid feed can 
procllce widely vsying pH 
levels. May cause corrosion 
if overfed. 

• M•P - Ami.-lo Medlyl1ne1 Pholphonic Acid 
•HEDP - hydroxy""'9yl-.1, 1·dipt1C11pf1011icec:id 
•eoTA - EdlyteN DIBnine T.cr. Ac9tic Acid 

Table 8.7 Common Oxygen Scavenam 

1. C.talynd Sodium Sulfit•. This is the most effective and feat expensive 0 2 tcaVe..

ger. HoWR9r, its use is limited only to low pr...,,. boilers (below 8270kPa1911} 
since its ruction with Oz produces sodium tulfats which ldds to the solids contMlt 
of the boiler water. Above 8270 kPa il!ll. it llso decomposes to form H2S Ind 0 2 
whi:h .,., both ccwrmive. 

2. H'ldrazine. Th~ is the Oz IClvenglr used in high pr..,,, boilers since i1 introduces 
no solids into the boil• water (rection with 0, procb:as N2 19 end H20). Its,... 
ICtion with 0 2 1t low tMnptrllUre llld pr..,,. is very slow Ind it is C4'CinGg1nic. 

3. c.bohydruit#. This reKll qpidly with Oz even It low temptretures lfld pr91111r11 
and is non-carcinogenic. It is not usually used since it is expensive. 
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Crystal modifiers are specialty chemicals which distort the resulting crystal stmcture of the 
scale in such a Wltf that the scale that forms becomes a non-adherent sludge. These are very effec
tive even at high temperatures and are generally more cost effective. The use of such chemicals 
oft.f:n permits higher cycles of concentration in the cooling system than solubilizing chemicals. 
They come in two (2) different classes whDI are equally effective. polyrnaleic acids and sulfona
ted styrenes. The most common residual concentration !n the cooling water is 0. --2 ppm but can 
be kept as high as 5 ppm in very severe scaling conditions. Crystal modifiers are compatible with 
chlorine bat can be deacdvated by strong cationic chemicals. 

Natural compounds such as lignins, tannins. starches and alginates are also used fer scale 
control. TtlC?Se are good dispersants and crystal modifiers. However dosages ranging from ~200 
ppm are required making their application too expensive. They react with iron salts, biocides and 
flocculants. Moreover, they serve as nutrients for biological organisms. 

It should be noted that whenever specialty chemicals are used for solubilize calcium salts 
either in boiler water or cooling water systems. operators should be aware that severe scaling will 
occur rapidly almost instantaneously if these chemicals ate lost in the "·."'iter bei~ treated. Contin
uous and uniform feeding of these chemicals is very necessary to obtain good treatment. 

Unfortunately, as in boiler water systems, the above treattnents cannot be applied to silica 
scale formation since there are no known silica solul;»ilizing or silica crystal modifying chemicals. 
Si!ica can be prevented from depositing only by keeping its concentration below its solubility 
limit. 

(b) ComJsion Inhibition 

Corrosion control is extensively discussed in Chapter 6. The most important requirements 
in using corrosion inhibitors for industrial water treatment a!"e the following: 

o Knowledge of the metals used in the system (particularly in cooling water systems); 
o Awareness of metal susceptibility to corrosion gi"en the operating conditions of the sys

tem; and 
o Familiarity with the limitations of the chemicals used for corrosion control. 

( 1) Steam System 

Corrosion in a steam system (boiler water feed, boiler water and condensate) will occur 
when alkalinity is too low, i.e. pH below 9 (general corrosion), when dissolved 0 2 , C02 or other 
corrosive gases are present (pitting co;rosion) or when localized areas are exposed to excessive 
caustic concentration (embrittlement). Electrolytic action between dissimilar metals in the system 
(galvanic corrosion) or complex interaction of iron with free caustic (selective g011ging) can also 
cause corrosion. 

Preventive treatment includes neutralizing the acidity of the water (controlling pH within 
specific limits), removal of d£ssolved gases and neutralizing the effect of C02 • 

Neutralization is obtained with alkaline chemicals such as caustic soc1'J, ammonia and phos
phates. Caustic soda is advisable only for low pressure boilers. Ammonia, though excellent for 
steel can destroy the protective oxide layers formed on copper bea ing metal surfaces. The action 
of phosphates has already been discussed. 

Internal 0 1 removal is achieved with the use of chemicals callad 0 1 scavengers. This tech· 
nique supplements the use of deaerators. Table 8. 7 describ~ the commonly used 0 1 Scavengers. 

0 1 and C01 carried over from the boiler can produce corrosive conditions when condensing 
downstream with steam. For condensate line protection, both filming and neutralizing amines are 
used. 
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Filming amines, injected into the steam 11 ... ..der, form a protective film over metal surfaces 
contacted. Octadecylamine is the most widely used filming amine. If maintained in a continuous 
coatir1g, it provides excellent protection. 

Neutralizing amines are used for 002 corrosion control. These volatile chemicals are inject
ed into the boi!er, carried over with the steam and reacts with any C02 molecule in the steam •d/ 
or condensate. Some of the commonly used amines are morpholine, cyclohexylamine (CHA), die
thylamino-ethanol (DEAE). 2-amino-2-methylpropanol (AMP) and dimenthylisopropanolamine 
(DMIPA). The key property for these chemicals is the vapor/liquid distribution ratio whjd\ 

Table 8.8 Common Anodic lnlu"bitors 

1. Chromate. This is probably the best and most often used anodic inhibitor. It forms 
a hard passive oxide film on metal su!'faces. Though extremely effective over a wide 
pH range (& 10), it can cause severe pitting if applied sparingly. It is often used in 
combination with other inhibitors tO improve its effectiveness and to allow reduc
tion of the quantity used. 

2. Orthophosphates. These are currently gaining popularity because they are environ
mentally inofensive. They are used at high levels to be effective, hence may cause 
scaling with calcium and.fouling with iron. They should be used at controlled pH 
levels. 

3. Nitrates. These were the first anodic inhibitors introduced and have been used in 
conjunction with polyphosphates. They must be used at levels above 500 ppm at 
pH above 7 .5. They are best suited in closed recirculating systems and not for open 
recirculating systems since they oxidize •d provide a nutrient supply for bio
organisms. 

4. Orthosilicates. These are proven to be successful in treating potable water. How
ever, they are slow in film formation and can contribute to severe pitting if used 
sparingly. 

Table 8.9 Common Cathodic Inhibitors 

1. Polyphosphates. These chemicals include the phosphate forms Sl!Ch as pyro-, 
tripoly- and hexameta phosphate. They work by forming a film or a slight scale 
containing calcium, iron and phosphate over cathodic sites. They revert to ortho
phosphate and if the system pH fluctuates, the reversion product is a potential scale 
former with calcium and a foulant with iron. Polyphosphates are also nutrient for 
algae and may cause algal bloom in spray ponds and lagoons. They are commonly 
used in once-through open recirculating systems but not in closed systems. 

2. Zinc. This is an effective cathodic inhibitor only fnr steel. At pH 6.5·7.0, Zinc levels 
of 3·5 ppm will stay in solution and will provide good corrosion conttol for steel. 
At pH above 8, it will contribute to fouling. It is a nutrient at concentrations 
above 3 ppm. Common usei are in once-through open recirculating systemsin 
combination with other corrosion inhibitors. 

3. Molybdates. These are used for protecting steel. They are most effective at pH 
levels above 7.5 but are advers?ly affected by di$Solved solids exceeding 5000 ppm. 
They are considered cost effective only for closed systems. Concentration levels of 
100-200 ppm are n~eded to inhibit corrosion adequately in closed systems. 

4. Po/ysilicates. These chemicals perform well in protecting steel, copoer and alumi
num from corrosion. They do not perform well at pH levels below 7.5 
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governs the tendency of the amines to remain with the steam upon condensat•on. Usually. a blend 
is l."Sed for maxir.um overall effectiveness. High ratio amines (e.g. CHA and NH3 ) tend to remain 
with the steam thus providing protection for equipment and piping ''1Cated far from the .. "'Oiler. 

(2) Cooling Water System 

Several chemicals are used as corrosion inhibitors for cooling water systems. 

Anodic inhibitors. also called passivators. are very effective against corrosion but must be 
used with extreme care. If an illSllificient amount is applied into the system. the entire corrosion 
potential will occur at the unprotected sites resulting in severe pitting. The common anodic in
hibitors are described in Table 8.8. 

Cathodic inhibitors are also cailed safe inhibitors or blocking agents. They red.Ice the cor
rosion rate by taking over the cathodic reaction with the excess dissolved oxygen in the water. 
Table 8.9 describes the common cathodic inhibitors. 

The effectiveness. limitations. dosages and control requirements of the above corrosion i~ 
hibitors are summarized in Table 8.10. 

For other metals such as aluminum and copper alloys. some of the above inhibitors can be 
used. Copper alloys can be protected by chromate. polysilicate and organic inhibitors called 
copper corrosion inhibitors. These include mercaptooonzotriazole (Men. benzotiazole (BZT) and 
tolytriazole (TT). About 10 ppm MBT and 1ppm each of BZT and TT are most often used. 

Other corrosion control techniques which CJn be applied for the protection of steel in a 
cooling water system are the use of cathodic protection and application of protective coatings. 
Both can be used either as the total corrosion control program or in conjunction with chemical 
corrosion inhibitors. Cathodic protection using ~rificial anodes is preferred over impressed cur
rents. Anode materials are either zinc or magnesi.im with the former having the advantage of con
tributing zinc ions to the cooling water which act as cathodic inhibitor. Coatings teamed with 
cathodic protection can prove boih effective and economical. The coatings used most often are 
coal tar or asphalt based materials. alkyds and epol(y types. Epoxies are often preferred over the 
others because of their greater resistance to temperature and excellent flexibility and bonding pr"" 
perties. 

Table 8.11 summarizes the typical chemical treatment programs for corrosion inhibition in 
cooling water systems. 

Table 8.10 
Corrosion lnhibiton Selection Guide for Industrial Water Treatment 

METAL> LIMITATIO. DOSAGESlppml 
f"llm Reclucinl' 

FOflMticln Conditiolll 
INHIBITOR 

STEEL COPPER ALUMINUM C.,1111111 pH TDS,111111t lnitlll 
...... _ o.y, Hi :W2 HC 

Owomata E E E 0.1200 5.5-10.0 ().20000 3().50 5-2\, 3-4 No No 

PolyphcJlptlm E A A 10CMIOO 5.5- 7.5 ().20000 4().60 10.30 5-6 Yes Yes 

Zinc G N N 0.1200 8.5- 7.0 ().50000 10.20 3-5 5-8 No Yn 

Polylilicata E E E 0-1200 7.5-10.0 ().50000 40.50 10.20 10.12 Yn y,.. 

Molybdar. G F F 0·1200 7.5-10.0 ().'j()()O() 4().80 5-20 10.12 No Yn 

Copptr 
Inhibitor) E E G 0-1200 e.0.10.0 0.20000 - 1-10 

L- -
N-· I. Incl.,_ ,,_,.1 .. ihlllltry-IP9Cilied ,_,,,. .-11on 

2. ltfllOfisole llZTI tw T.,iymerole ITT! 
3. E • b_...,r A • AllKl!t 

G•Goocl N·-
F • Ft11r 
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Table 8.l l Typical Coofias Water Treatment Programs 

A. Closed Ri:M:irculating Systems 

System pH 
Choice of Inhibitors 

Chromate 
Boron Nitrate 

Molybdate 

B. Once-Through Systems 

Inhibitors 

Orthophosphate 
Polyphosphate 
Silicate 
Copper Inhibitors 
Fatty Amine Salts 

C. Open Recirculating Systems 

8.5-9.5 

200ppmCr04 
200-2000 ppm plus 200-500 ppm 
borax (Na2 84 0 2) as buffering agent 
100-200 ppm plus copper corrosion 
inhibitors (10 ppm MBT. 1 ppm BZT. 
1 ppm TT) 

Concentrations 

1-10 ppm P04 plus 0.1-1.0 ppm Zinc 
1-10 ppm P04 plus 0.1-1.0 ppm Zinc 
10 ppm Silica (min.) pH 7.5 
1-5 ppm ~lug fed for 15-20 mins once or twice a week 
5-10 ppm 

Typical Chromate Based Corrosion Inhibitor Programs 

Chemicals 

Chromate/zinc 
Chromate/Phosphate/Zinc 

Chromate/Polysi: icate 
Chromate/Molybdate 

Chemicals 

Chromate/Phosphate 
Typical Non-Chromate· 
Based 

Chemicals 

Polyphosphate 
Ortho/Polyphosphilte 

(50/50) 
Polyphosphate/Zinc 
Zinc/T annin/Lignin 
Polysilicate 
Molybdate/Phosphate 
Polysil icate/Molybdate 
Phosphonate/Pol yacrylate 

Concentrations 

5-10 ppm Cr04/5-10 ppm Zn 
10-30 ppm Cr04 /3·5 ppm Si02 
3·5ppm Zn 
5-10 ppm Cr04/5-10 ppm Si02 
1(}30 ppm Cr04/1-5 ppm Mo04 

Concentrations 

5-10 ppm Cr04/3-5 ppm Phosphate 
Corrosion Inhibitor Programs 

Concentrations 

I 0-30 ppm P04 
10-30 ppm P04 

1(}20 ppm P04/1·3 ppm Zn 
3-5 ppm Zn/50-100 ppm Tannin + Lignin 
10-15 ppm Si02 
5-20 ppm Mo04 /J..5 ppm Phosphonate 
10-20 ppm Si02 /1-3 ppm Mo04 
5-20 ppm Phosphonate 
10-20 ppm Polyacrylate 
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(c) Fouling Control 

The control of fouling both in cooling water and steam systems is verv important since foul
ants are primary sources of the ills in both systems. Foulm1ts do occur, and the degree of fouling 
always increases since both systems are OPerated for longe~ periods of time between cleaning, and 
sometimes due to tile increased use of poor quality wate~. They degrade the heat transfer efficien
cy of heat e~change equipment, plug passages of water and also degrade the effectiveness of scale 
and corrosion inhibitors. Foulant control is very necessary in implementing intemal chemical treat
ment methods both in steam and cooling water systems. 

Fouling can be controlled by mechanical and chemical means. A combination of mechanical 
11nd chemical prevention plus chemical clean-up methods can be used with great success. Chemical 
treatments are effective if properly applied and maintained. But all have limitations and require 
proper matching to the particular foulant and f0t•ling conditions. Insufficient levels of treatment 
should be avoided since this may result in little or no fouling control. On the other hand, overdose 
can be detrimental as well as wasteful. 

(1) Steam Systems 

Fouling in steam systems is predominant in the boiler water inside the boiler. This is usually 
caused by corrnsion products and sludges formed in the system. The chemicals used for controlling 
these foulants are the dispersants and sludge conditioners. The dispersants break up the foulants 
into smaller particles and keep them suspended in the water, making them more e8$ily removed 
from the system via blowdown. Synthetic water soluble polymers are the most common dispersing 
agents. The sludge conditioners currently used are synthetic polymers with high molecular weights 
which agglomerate suspended solids into large non-adhering particles that are easily removed by 
blowdown. Polyacrylamides are the commonly used sludge conditioners. 

(2) Cooling Water Systems 

Fooling in cooling water systems is classified into two categories: general fouling and biolo
gical fouling. General fouling relates to the fouling caused by artificial and natural foulants that 
can be found in a cooling water system while biological fouling relates to that caused by biological 
organisms. The latter is of two types: microbiological fouling, which is caused by microscopic 
organisms such as algae and bacteria; and macrobiological fouling, which is caused primarily by in
vertebrate life such as mussels, clams, etc. 

The typical chemicals used for general fouling control are the dispersants, sludge fluidizers 
and surfactants. These are described in Table 8.12. 

For biological fouling control, two types of chemicals (biocides) are used: oxioizing and 
non-oxidizir.g agents. The effectiveness of these chemicals is well-establishe~. However, proper care 
is required to avoid possible adverse environmental effects of effluents containing the chemicals. 
The choice between oxidizing and non-oxidizing microbiocides depends on various factors such as 
environmental effect, system temperature, pH and design. Table 8.13 shows a description of the 
oxidizing chemicals. The non-oxidizing chemicals are described in Table 8.14. 

Non-oxidizing chemicals sometimes prove to be more effective than oxidizing chemicals. 
Hence, it is now common practice to blend these two types of chemicals for broader control. 

The effectiveness and characteristics of leading biocides against fouling or!lanisms are sum· 
marized in Table 8.15. The following are guidelines in the selection and application of rnicrobio
cides: 

i. Combined application of microbiocide and an antifoular.t provides superior control. 
ii. The essential element determining the capability of a microbiocide is the resistance 

offered by the microbe. The first line of microbial resistance is membrane impermeabil
ity. The second is the ability of the microbe to develop immunity to the microbiocide. 

iii. Temperature and pH have strong effect on microbiocides. 

122 



Table 8.12 Types of Chemicals Used for Geneal Fouling Control 

1. Dispersants. These are synthetic water soluble polymers and the most prominent 
are the polyacrylates. Polyacrylates with molecular weights of about 1000 are the 
most effective dispersants for mud/silt, airborne wst/dirt. iron oxide and biological 
slime. In recirculating systems 4-5 ppm levels are maintained for proper control. 
They are not degraded by biological organisms. chlorine or iron salts but are de
activated by strong cationic biocides. They cost less than natural dispersants (e.g .• 
lignin. tannin) for the same performance. 

2. Sludge Fluidizers. The most common sludge fluidizers are the polyacrylamides. al
thou~ polyamines. polyacrylates and various copolymers can also be used. For 
once-throu~ systems. a dosage of 1 ppm or less for 1 hour feeding each day is 
typic.-:1. For recirculating systems. levels of 0.2-0.5 ppm are usually maintained. 

3. Surfactants. These are also called wetting a.gents and are commonly used for remov
ing oil or gelatinous foulants. Dosages range from 1~20 ppm depending on the 
amoum of oily foulant. 

Table 8.13 Oxidizing Chemicals for Biofouling Control 

1. Chlorine. This is considered the most familiar and effective industri31 biocide. It 
diffuses easily through the cell walls of microorganisms reacting with the protein 
bodies in the cell which are essential fo:- life support. At pH levels of 9.5 or greater. 
chlorine is less effective. Generally, pH t•!Vels of 6.5-7.5 i're considered practical for 
chlorine based microbiological control program. 

2. Chlorine Dioxide. This is an alternative for chlorine but is relatively costly (up to 
5 times more costly than chlorine). It is pH insensitive and is produced by reacting 
chlorine with sodium chlorite at the point of use. 

3. Brominated Propionamides. These are the new oxidizing toxicants for microbial 
Control :n cooling waters. A specific example is 2, 3-bidrome>J-nitrilo propiona
mide (DBNPA). The DBNPA molecule is an extremely potent. broad spectrum 
microbiocide. 

Table 8.14 Non-Oxidizing Chemicals for Biofouling Control 

1. Organo "Tin Compounds. These are known for their toxicity to algae, molds and 
wood rotting organisms. They function best in the alkaline pH ranges and are 
often formulated with quanternary ammonium compounds or complex amines to 
improve their biocide and dispersant capabilities. 

2. Quaternary Ammonium Salts. These are generally most effective against alg&e and 
bacteria in alkaline pH ranges. They are deactivated in systems heavily fouled with 
dirt, oil and debris. Due to their surface activity, they tend to emulsify oils and 
produce extensive foaming if overfed. 

3. Organo Sulfur Compounds. These are highly effective against fungi and slime-form
ing bacteria. These less toxic, water soluble compounds function best in pH ranges 
7 and above with the exemption ot Methylene-bis-thiocyanate which is not recom
mended for highly alkaline recirculating water system. 

4. Copper SB/ts, These have long been used for controlling algae and bacterial growth. 
5. lsothiazolinone. This is considered the best algicide in the market. It has been used 

effectively to combat not only algae but aiso a broad spectrum of microorganisms 
over a fairly wio~ ~ range. 
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iv. Microbiocides are usually sl~fed to a system -to ina.ir rapid. effective populatio" redJc
tions from which the organisms c.annot easily recover. 

v. It is better to combine a highly effective. though expensive. biocide with a less expensive 
type for broad control at reasonable cost. 

vi. Microbiologica! fouling control programs l"!'lUSt provide an optimum period between suc
cessive dosings. It would be costly to carry out a program which gives adequate control 
but all::>ws rapid organism build-up to the tolerance level llecause this would require more 
biocide to be added to maintain fouling control. 

Table 8.IS Microbiocide Selection Guic!e 

a.:.ria F-.i Ale-s.-. ~ Iron 
MaClbioc:D. Fenn.r Fora.. Dlpaei .... eon-.. ec.-ts 

Otlorine s E E 0 s s Oxidizing, ct.ngerous to 

Nr.dle. corrosive to m.-
Uls. PGWder. gas or 
licJlid. delignifies tower 
wood. less effective at 
h9ierpH. 

cmrtemary 
Amonium Salts E E E VG s VG F01111S; Cationic 

Org;mo-Tin plus 

Cluarternaries E E E E VG E F01111S; Cationic 

Methylene 
Bis-Thiocyanate E E VG VG s s Not rffective at 

pH >7.5; Cationic 

lsothiasolinones E E VG VG VG E Dangl!raus to handle. 
not effective at pH> 
7.5 nonionic 

Copper Salts s s s 0 s s May ca.,, ~ 
copprr 

platir!!J 

Bromine Organics E E E VG 0 s HydrolyZes. l'"'"JH be 
fed directly f:om dc·Jm 

Organo-Sulfur 
Compounds VG E VG VG VG s Toxic effluent, reduces 

----· Cr04 ; Anionic 

E =Excellent VG = Very Good S =Slight 0 =None 
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Preventive Mainte•nce of Boilers. Kilns and Furnaces 

PREVENTIVE MAINTENANCE OF BOILERS. KILNS AND FURNACES 

9.1 INTRODUCTION 

Boilers, kilns and furnaces are maior energy consuming equipment found in almost all indus
trial plants. Good preventive maintenance in these equipment reduces fuel consumption dramati
cally. improves performance and reduces costs. 

Correct operating procedures. such as proper pre-start-up dlecks. start-up procedures. 
on-stream monitoring. emergency procedures and shut~own procedures are intimately related to 
maintenance. The best sourc ~ of information on these are the manufacturer's manual. This 
chapter will only present som. · general preventive maintenance guides. It is not intended to 
duplicate the manufacturer's manual. 

9.2 DIAGNOSTICS 

This section presents some important guides for determining the need for maintenance. 
These include monitoring of operating conditions and parameters. tests. and inspections. 

Accurate records are invaluable in evaluating equipment performance and determining 
the need for maintenance. Ideally. such records must be started when the boiler or furnace is 
new in order to provide high but realistic standards of maint'!flance. 

9.2.1 On-StrlMI Indicators 

Superheat Steam Temperature. The superheat steam temperature normally varies with the 
load. Abnormal superheat steam temperature. readily apparent from the examination of accurate 
records. indicates a number of possible problems. such as: 

(a) too much excess air 
(b) too low feedwater temperature 
(c) improper operation of steam temperature indicating 

and/or control equipment 
(d) secondary combustion 
(e) heavily slagged furnace 
(f) below normal steam pressure 
(g) too low temperature setting 
(h) wwped and leaking superheater by-pass damper 

If the superheat temperature is below normal it may be due to; 

(a) too little excess air 
(b) too high feedwater temperature 
(c) too much carry-over 
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(d) excessiw external deposits on superheater 
(e) improper operation of indicating/control equipment. 

If the superheat steam temperature suddenly drops and then recovers. the boiler in priming. 
This is undesirable ;ince the resulting carryover can seriously corrode superheater metal or cause 
deposits to form. The temperature fluctuations are proportional to the boiler water total solids 
or alkalinity. 

Boiler Water Lelle/. The proper boiler water levt!I must be carefully maintained. If the 
water :evel cannot be seen in the sight glass. shut off the burner. Too hi9' water level can be 
chedced by blowing down until it appears in the sight glass. 

A constant reduction of the drum water level could bf: due to: 

(a) De~ective fee!I pump 
(b) Malfunctioning feed pump recirculating control 
(c} Faulty boiler feedwater valve control 
(d} Tube leak 

The prnblem may be identified by quickly comparing current system pressures and valve 
positions with recorded data at similar loads. Abnormalities will pinpoint the fault. 

If thf: feed water flow is inaeasing with respect to steam flow but the water level continues 
to decrease, there is a tube leak. Emergency shut-down procedures must be implemented at once. 

Stack Gas Temperature. The stack gas temperature will vary with the load, increasing 
when the load increases and decreasing when the load decreases. An abnormally high stack gas 
temperature could be due to: 

\a) high excess air 
(b} fouled/dirty firesides 
(c} secondary combustion 
(d) leaky baffles 
(e) a fire in the air heater 

Abnormally low stack gas temperature cou!d be due to any of the following: 

(a) excess air too low 
(b} very high CO:z 
(c) some CC 
(d) smoke 

Flue Gas Analysis. Aside from temperature, the quality and composition of flue gases also 
provide valuable information on maintenance requirements. In addition to providing data for the 
computation of efficiency and specific fuel cor.~..Jmption, the composition of flue gases also 
determine the necessary burner adjustments for optimum combustion. One of the most popular 
measuring devices is the Orsat gas analyzer. 

Incomplete oombustion not only wastei fuel but also forms carbon deposits which greatly 
reduce the heat transfer coefficient of metals. Some sources report that a one-eighth inch of 
soot is equivalent to two inches of insulation. Burner adjustments with flue gas analysis are thus 
one of the most important tools of maintenance. 

128 



In many cases. flameouts or burner failures are caused by faulty safety devices such as 
flame scanners. and limrt. temperature. or pressure switches. Burner settings should not be mo
dified to suit the peculiarities or faults of instrumentation. Accurate pressure. temperature. and 
02 data are needed in fine-tuning burners. These data should be methodically kept and periodical
ly consulted to maintain system efficiency. Burner or unit safety interlocks should never be by
passed by mechanical blocking or electrical jumpering. Such safety devices should be periodically 
tested and promptly replaced when found to be defective. 

In oil burners. the most important factors that controi atomization are geometry 2nd 
deanliness. Geometry refers to physical aspects such as inte:nal and external mating surfaces 
of nozzles. rotary cups and diffusers. The maintenance of concentricity is c.ritical; even only 
slight eccentricity may cause uneven fuel-droplet distribution in the air stream. Unburned drop
lets may even be flung out of the combu:rtion zone. Sharp cut-off surfaces. flared contours lands 
and groo~. and ports and orifices should be free from distortion caused by bending. warping. 
fatigue. crystalli:z:ation(buming). nicking. clipping. or enaustation. 

Table 9.1 shows oil burner problems. their possible causes (in order of likelihood) and some 

suggested solutions. 

922 Steam/Water Tests and Impurities 

Boiler water impurities are the cause of corrosion. scale and sludge. Each water supply 
is unique. and water treatment specialists should be consulted. 

The following are some general discussions on boiler water tests and contaminants. Refer to 
Chapter 8 for a more detililed and complete discussion. 

(a) Boiler Wa; "and Contaminant Tests 

Routine chemical analyses or control tests vary. depending on the type of chemical 
treatment used. Such analyses include tests for alkalinity. phosphate. chelate. hydrazine. 
suifide. orga,1ic color. pH. and total dissolved solids. 

Table 9.1: Common Oil Burner Problems and their Solutions 
Source- References I 8t 3 

Note: Some items may not be applicable to certain burners 

1. Black smoke, dull 
orange fire 

2. Flame impingement 
(carbon buildup on 
wall, hard direct 
flam& 0.1 tubes) 

a) rich F /fl mixture 
bl improper vane and 

damper settings 
cl cold oil or cold 

furnace 
di improperly assembled 

nozzle components 

al incorrect secondary 
air damper or sp:nner 

bl incorrect spray tip 
angle 

cl deteriorated fhroat 
tile and refractory. I incorrect throat 

L_ _____________ .... ____ .e_lec-ti-or_. ___ _ 
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1. Reduce F/A ratio 

Measure 0 2 
Check for proper tip 
atomizing medium 

2. If 02 is abnormall·t 
high, check and adjust 
oil temperature, primary 
and secordary air spinner 
11anes and dampers 

1. Reduce spin of secondary 
vanes 
lncrea$4! spin of primary 
van-:s 

2. Use narrower spray angle 
ti~ 

3. Replace if necessary, 
consult m:inufacturer 

-- --- . _ __J 
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3. Flame lazy Ii dalt 
excess air cannot be 
lowered to design w/o 
smoki!tg. flame any
ower into superheater 

4. Buroop of burner 
pans 

5. Sparklers in fl~ 

6. Repeated flame outs 
due to scanner not 
detecting flame 

7 _ Severe furnace pul
sation (1-3 per 

sec.I 

8. Dense white smoke 
when burning no. 2 
oil 

9. Fireballs or fire
flies (form hard 
carbon Jeposits on 
impact I 

10. High CO (gr~ater 
than 0.03%1 

Coat. (Table 9.1) 

a) too narrow spray tip 
angle 

b) :ncorrect spin and 
damper settings 

c) mid oil 

a) too much primary air 
spin causing on 
excessive wortex; 

b) in multiple burners, 
too little moling air 
through idle burners 

wet st~am or water in 
atomizing air 

a) improper aiming of 

scanner 
bl d:rty scanner bulb or 

lens 
c) wrong scanner type 

selected 

instability .00 low 
excess air 

poor atomization or 
too much excess air. 
resulting in inmm
plete combustion 

improper air and fuel 
mixing caused by 
damaged or encrusted 
atomizer 

ricti F/A mixture 
i:npmper atomizat:on 
and mixing 

too much excess air 

1. Q\arige tc- wider spray 
11ngle tip 

2. Increase primary and 
~spin 

3. Close secondary w 
damper nicrementa11y 

4. Check oil pressure and 
temperatur~ and 
atomizing steam/air 
pressure 

S. OleCk oil gun and tip 
assembly 

1. Reduce primary air spin 

2. Increase cooling air 

remowe moisture by 
appropriate means 

1. Milke adjustments 

2. Clean 

3. Replace UV scanner witt1 
infr1o • .tel type or visible 

light type 

1. No flameout-increase 
A/F ratio 

2. Flamecut-shut off fuel 
wait for 5 mins. before 
purging or relighting 

Caution: if unit has a 
regener;1t1ve air heater 
an air heater fire is 
possible 
1. Shut off unit, cool, 

P'Jrge. impect air 
heater and clean 

2. On restart. check 
quality of oll 
temperature 

Clean or replace if 
necessary 

1. Adjust as necessary 
2. Inspect burr.er. damper. 

throat •iles. etc. 
reduce excess air. 

Reduce excess air 11. High o, (greater than 4%1 
~ •. ~~~~.~~~~~~~--~~~~~~~~~~~~~~~ ..... ~~~~~~~~~~~~~ .... 
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Contaminant tests vary with the suspected contaminants. Some of the more comrr.on 
are for detecting oil, iron and silica. Oil tests usua!ly require laboratory facii!ties; however, 
gross oil contamination may b! detected by visual inspection. Raw water should be tested 
for such contaminating agents as; a) mud, clay and salt; b) oxygen, carbon dioxide and hy· 
drogen sulfide; c) sewage, bacteria and algae; d) scale-forming compounds of calcium. mag
nesium and silica; e) oil; f) iron compounds; g) sulfuric, hydrochloric and other acids; 

h) normally soluble sodium compounds. 
Very high concentrations of soluole or insoluble solids in boiler water will cause 

foaming. Specific substances such as alkalies. oils, fats, greases. and certain types of organic 
mattt.?r and suspended solids are known to cause foaming . 

Table 9.2 a shows the recommended tolerable levels of impurities for given boiler 
pressures. Table 9.2b shows some common deposits found in raw water. 

(b) Measurement of Corrosion 

Corrosion in boilers may be detected by some impurities revealed in the water analysis, 

such as iron. 

Boiler Preswre 
(kPa) 

0. 2074 
2075. 3108 
3109 - 4143 
4144 - 517 7 
5178 - 6210 
6211 - 6900 
6901 - 10348 

10349 - 13789 
Over 13789 

Table 9.2a: Limits of Impurities for Boiler Water 
Source: Reference 5 

MAXIMUM LIMITS OF IMPURITIES FOR BOILER WATER 

Suspended 
Total Solids Alkalinity Solids 

(ppm) (ppm) (ppm) 

3500 700 300 
3000 600 250 
2500 500 150 
2000 400 100 
1500 300 60 
1250 250 40 
1000 200 20 
7!:'0 150 10 
500 100 5 

Silica* 
(ppm) 

125 
90 
50 
35 
20 
8 
2.5 
1.0 
0.5 

•Silica limits based on limiting silica in steam to 0.02-0.03 ppm. 

BOILER FEEDWATER 

Drum Total Hardness 
Pressure kPa Iron (ppm Fe) Copper (ppm Cu) (ppm Ca~) 

0- 2074 0.100 0.050 0.300 
2075 - 3108 0.050 0.025 0.300 
3109· 4143 0.030 0.020 0.200 
4144- 5177 0.025 0.020 0.200 
5178· 6210 0.020 0.015 0.100 
6211 - 6900 0.020 0.015 0.050 
6901. 10348 0.010 0.010 

10349 . 13789 0.010 0.010 
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Constituent 

Turbidity 

Color 

Hardness 

Alkalinity 

Free Mineral 
Acid 
Carbon 
Dioxide 

Sulfate 

Chloride 

Nitrate 

Silica 

Table 9.2 b: CCMDJDon Impurities Found in Water 
Source:Referenc:e 6 

Difficulties Caused 

Imparts unsi!#ltly appearanO! 
to water. Deposits in water 
lines, process equipment, 
etc. Interferes with most 
process uses. 

May cause foaming in boilers. 
Hinders precipitation mt:thods 
such as iron removal and 
softening. Can stain product 
in process use. 

Chief source of scale in heat 
exchange equipment, boilers. 
~ipelines, etc. Forms curds with 
soap. interferes with dyeing, etc. 

Foaming and carryover of solid~ 
with steam. Embrittlement of 
boiler steel. Bicarbonate and 
carbonate produce C02 in steam, 
source of corrosion in condensate !ines 

Corrosion 

Corrosion in waterlines and part· 
icularly steam and condensate lines. 
pH varies according to acidic or 
alkaline solids in water. Most 
natural watP.rs have a p ... of 6.0-8.0 

Adds to !Olids content of water, 
but in itself, is not usually signi· 
ficant. Combines with calcium to 
form calcium sulfate scale. 

Adds to solids content and increases 
corrosive character of water. 

Adds to solids content, but is not 
usually significant industrially. 
Useful for control of boiler metal 
embrittlement 

Scale in boilers and cooling water 
system. Insoluble turbine blade 
deposits becauw of silica vapor· 
ization 
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Means of Treatment 

Coagulation, settling 
and filtration 

Coagulation and fil· 
tration. Chlorination. 
Adsorption by ctctivated 
carbon. 

Softening. OP.mineralization 
International boiler-water 
Surface-active agents. 

Lime and lime-soda softening. 
Acid treatment. Hydrogen 
zeolite softening. Deminera· 
lization. Dealkalization by 
anion exchange. 

Neutralization with alkalies. 

Aeration. Deaeration. 
Neutralization with a 
alkalies. pH can be increased 
alkalies and decreased 
by acids. 

Demineralization 

Demineralization 

Demineralization 

Hot process removal with 
magne:sium salts. Adsorption 
by highly basic anion exchange 
resins, in conjunction with 
demineralization. 



Iron 

Difficulties C...... 

Discolors water on precipitation. 
Source of deposits in waterlines, 
boilers, etc. Interferes with 
dyeing, tanning, papermaking, etc. 

Aeration. Colgulation and 
filtration. Lime softening. 
Cation exchange. Contact 
filtration. Surface-active 
agents for iron retention 

Manganese 
Oxygen 

Same as iron 
Corrosion of waterliMS, heat ex
change equipment, boilers. return 
lines, etc. 

same as iron 
Deaeration. Sodium sulfite. 
Corrosion inhibitors. 

Hydrogen 
Sulfide 

Ammonia 

Dissolved 
solids 

Suspended 
Solids 

Total Solids 

Cause of ''rotten egg" odor. 
Corrosion 

Corrosion of copper and zinc 
alloys by formation of complex 
soluble iron. 

"Dissolved Solids" is measure of 
total amount of dissolved matter, 
determined by evaporation. High 
concentrations of solids are object· 
ionable beca1Jse of process inter· 
ference and foaming in 
boilers. 

"Suspended Solids" is the measure of 
undissolved matter. determined 
gravimetrically. Suspended solids 
cause deposits in heat-exchange 
equipment, boilers, waterlines, etc. 

"Total Solids" is the sum of dissolved 
and suspended solids, determined 
gravimetrically 

Aeration. Otlorination. 
Hi!#lly basic anion exchange. 

Cation exchange with hydrogen. 
zeolite. Chlorination. 
Deaeration. 

Various softening process, 
such as lime softening and 
cation exchange by hydrogen 
zeolite, will reduce dissolved 
solids. Demineralization. 

Subsidence, Filtration, 
usually preceded by coa
qulation and settling. 

See "Dissolved Solids" and 
"Suspended Solids" 

One important test for corrosion is hydrogen gas sampling of steam. This test is 
based on the release of hydrogen when iron corrodes. Measuring the amount of hydrogen 
gas released can indicate immediate fluctuations in load, boiler water changes or fuel chan· 
ges. This information recorded over a period of time, when interpreted by an experienced, 
well-trained engineer, will indicate corrosive boiler conditions. 

(c) Slowdown Regulation 

Sinr.e there are no simple, routine tests for determining suspended solids, blowdown 
is usually controlled through the use of a simple instrument which measure the electrical 
conductivity of boiler water. This test gives an estimate of the dissolved solids 011 the 
water. Chloride tests may also be used. By ched<ing the feedwater and boiler water dis· 
solved solids, the operator can estimate the number of feedwater concentrations and then 
be able to determine the amount and schedule of blowdowns. In high pressure boilers, 
silica, iron and alkalinity tests may also be used. 
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(d) Embrittling Water 

Caustic cracking or embrittlement is the cracking of boiler steel due to concentrations 

of caustic solution attacking the stressed meta!. Embrittling tendency of boiler water 
may be <Mtermined with the use of special equipment. The test involves circulating a rep· 
resentative sample of boiler water through highly stressed steel specimens for about 
30 days. Cracking of the specimen occurs ii the sample has embrittling tendencies. 

(e) Measurement cf CarryoW!r 

Boiler carryover can be measured with the use of a sodium ion analyzer. This ins· 
trument measures the sodium ion content in a cooled steam sample that will correspond to 
the amount of boiler water solids contaminating the steam. The sodium ion analyzer will 
detect carryover down to 1 ppb sodium in condensed steam. 

92.3 Inspection 

Routine maintenance shut-down provide opportunities for complete water·side and fire· 
side inspection. This will reveal siyns of deterioration, such as cor.rosion and erosion, sub· 
standard operation, and the need for maintenance and cleaning. Minor problems, such as partial
ly clogged chemical feed lines, small tube blisters, refractory cracks and soot blower lance de· 
fects can be detected and corrected bef?re maior damage ocr.urs. Properly conducted inspections, 
coupled with accurate records, can be the basis for the type and frequency of scheduled main· 

tenance and cleaning. 

Before inspection is done, the following safety precautions must be observed: 

(a) Drums and breakers must be purged, if the boiler has been laid up under nitrogen. 
(b) All vents, drains, and inlet and outlet lines must be closed, locked and tagged. 
(c) There should always be a man stationed outside the ve~sel being entered. 
(d) Bare light bulb or ordinary drop lights should not be l sed in enclosures; instead, use flash· 

lights ~r specially protected bulb to avoid electrocution 
(e) The area to be er.tered must be adequately ventilated. 
(f) For furnaces sharing a comm->n stock, isolation dampers must be closed, locked and tagged. 
(g) Caution must be observed when toxic fuel oil additive ashes (i.e. manganese) are present. 

Silicon bearing insulations may prorluce fine dust which can cause silicosis. Proper breathing 

equipment should be used in such cases. 
(h) All overhead slag m•Jst be removed. 

Tables 9.3a and 9.3b contain some pointers for inspecting both the fire-sides and water
sides . f boilers. Due to the variety of boiler types, rome items may not be applicable to ;, par-

ticular unit. 
Minerals in inadequately treated boilc!' water tend to deposit onto heat tr onsfer surfaces 

with the following detrimental effects: 

( 1) tube failures from overheating 
(2) plugging and partial obstruction of tubes 
(3) corrosion beneath the deposits 
(4) greatly reduced heat transfer 

Some of the common depo!iits and their · 
are seldom composed of one constituent alor 
minerals, corrosion products, and other contamir. 
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~acteristics are shown in Table 9.4. Deposits 
are generally a mixture of various types of 

·- as oil. 



T.t>le 9. 3a: Items to be C.ecked on Water-Side of Boilers 
Somce: Reference 3 

WATER-SIDE CHECKED FOR: COMMENTS 

1 . steam drum pitting, deposit, cor· oxygen pitting usually 
rosion occurs above normal 

water level 

2. tubes oorrosion, thinning. 
scale, pitting 

3. mud drum depo$its indicates adequacy of 
blowdown 

4. overhead final 
screens deposits indicate carry-over 

5. ~ffles and proper installation there must be no gaps 
dryer screens 

6. threaded bolts thinning and corrosion 
and flares 

7. all water inlet deposits, proper orien-
pipes, ct:emical tat ion 
feed pipP,S, 

gage glass 
pipes 

In addition to the above-mentioned parts. all plates, tubes, rivets, bolts, stags and internal 
fittings must be checked for oorrosion, crack$, breakage or distorti'Jn. Cracked stags or rivets 
g.ive off distinctly different ringi(lg sounds when lightly tapped with a hammer as compared to 
undamaged ones. 

9.3 PREVENTIVE MAINTENANCE PROCEDURES 

Preventive maintenance prO\°:edures in boilers are aimed primarily at keeping heat transfer 
surfaces and auxilliary systems clean, optimizing combustion, ensuring the proper functioning 
of instrument, gages and devices, and making minor repairs, adjustments or replacements before 
w.rious damage occurs. The combustion systems of oil-fired boilers, furnaces and kilns are similar, 
and therefore so are their maintenance requirements. 

9.3.1 Water-tide Maintenance 

(a) Cleaning Operational Deposits 

Two general methods are av::.ilable for determining tt1?. need for chemically cleaning 
operational deposits from boilers. The first relies on weekly measurements of iron and cop
per concentrations in the feedwater. From this, the total amount of iron deposited in the 
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Table 9.3b: Items to be Check.eel on Fire-Side of Boiler 
Source: Reference 3 

I 
FIRE -SIDE CHECK FOR: COMMENTS 

1. tubes, water - corrosion, blistering, 
walls bulging. cracks oor-

rosion, soot 

2. superheater swelling due to overheating 
from bringing 
pressure up too 
quickly, or scale on 
the waterside 

3. refractory major cracks, spalling, use feeler ~s or 
melt-outs hacksaw blades for 

detecting cracks 

4. casing and leaks 
doors 

5. economizer plugging, fouling -
6. air heater, fouling, soot, cor- corrosion is most 

gas ducts rosion likely in the cooler 
portions and in accum-
mutations of soot and dirt 

7. view ports damage replace 

8. seal and opera- proper installation 
ting air systems I 

~ 
9. soot blower and damage, erosion, aim repair. adjust _J nozzles 

I 

10. tubes in area erosion impingement of soot 
of soot blowers 
blowers 

11. draft taps, plugging, obstructions 
airflow taps, 
flue gas 
sampling taps 

12. partial leaks U!ld ooiler feed pump 
hydrostatic to generate preswre 
test 
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Deposit 

1. Phosphate 

2. Carbonate 

3. Sulfate 

4. Silica 

5. Iron 

Table 9.4 Common Boile: Deposits 
Somce: Reference 6 

Physiclll Description I Cfwecteristics 

soft brown or gray easily removed 

granular and porous dense and uni-
form. will effer-
vesce in acid so-
lution difficulty 
in removing 

hard. brittle dense. will not 
pulverise easily; 
will not effer-
vesce in acid 

very hard, porcelain- very dense. very 
like difficult to pul-

verize, not so-
luble in HCI 

very dark colored usually magnetic. 
will dissolve in 
hot acid 

C.Um 

phosphate in-
temal treat-
ment program 

Carbonate in 
water/chemi-
cals. 

Sulfate com-
pounds in raw 
water. chemi-
cals. 

improperly 
treated raw 
water 

corrosion 
p1.Jducts. 
contamination 

boiler water may be determined. This amount will then be compared to a standard based 
on the maximum steaming capacity of the boiler. When the standard is equalled or ex
ceeded, acid cleaning is necessary. In any case. the boiler must be acid-cleaned at least 
every six years. The other method involves the actual sampling of tube deposit thiclmd5 
and analysis of the deposit. 

These two methods complement each other and should both be used. 

AcidC .... ing 

An experienced chemical cleaning company must be consulted before acid cleaning is 
done. The following procedure should be modified to suit particular conditions and equip
ment. 

In new uniu dilute HCI acid (approximately 5% by weight) solution is used to re
moved mill scale and rust. For uniU which have been in operation. addiiives are added. 
depending on the boiler water analysis. The following provisions must be made before 
acid-cleaning. 

(1) Install the following; 

Acid fill/drain line sized to empty the vessel in 80 mi!\ut11. In l•ge uniu it is 
advisable to provide a number of acid fill lines at strategic points to ensure uniform 
acid concentration. 
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Atmospheric vent lines. nitrogen fill line (w/pressure gage 35kPa). Thermocou
ples on upper drums end lower heaters suoerheater backfill connection (for demine· 
rali~ water or condensate). Temporary sight glass. 

(2) QleCk all drain lines to m•e sure that they are clear. The boiler should be filled 
with clear water to normal levels and its temperature should be raised to about 
82oC. The following should be checked before acid is introduced: 

i. The superheater is full ot t:eated water 
ii. Furnace openings and dampers are closed 

iii. Drum vent valves are ope.1 
iv. All blowdown. chemical valves and superheat drains are closed 
v. Metal temperature is around 82°C 

With the metal temperature constant. acid solution and 025% NH4HF are added. 
In removing operational deposit. the following additives may be included. depending on th.! 

tube sampling and laboratory analysis: 

Copper Removal 

i. If copper is below 20% of iron content HCI solution and thiourea. 
ii. For copper more than 20% of iron content. a two step ammonium bromate sol· 

vent is used. 

Hardness Removal 

i. For hardness scales caused by calcium sulfate orcalcium silicate. alkaline boil-out 

must be done before acid cleaning. 

ii. For organic deposits insoluble in conventional alkaline boil-out. substitute al
kaline potassium permanganate solution. to be followed by inhibited HC I cleaning. 

The solvent temperature should be kept between 70 to 80°C. Hourly samples are 
taken until the acid solution and the total iron concentration approach equilibrium. This 
usl.lally takes less than 6 hours. After that. the boiler is rinsed twice ..vith demineralized 
water (with 0.1% citric acid) at about 60oC and drained under 35kPa nitrogen. Ne1.1trali· 
zing solution is then applied (1% soda ash) for 4 hours; for two hours. the boiler is 'ilow· 
ly fired to 690 kPa gage and allowed to hold preS!ure for 2 more hours. Gradual cooling 
follows: intermittent bfowdown vents are then opened to reduce pressure to 02 kPa. When 

the temperature drops below 95oC. the unit can be drained. Nitrogen should be purged 
before the boiler is entered for inspection. Sediments should be f!ushed out and gage 
glass connections. instrument leads. chemical feed and continuous blowdown piping should 
be blowdown. No welding or open flamt11 lhould be allowed when acid is in the boiler; 
hydrogen gas liberated in the cl1111ning process is highly flammable. 

For new boilers. the internal surface should be chemically cleaned to remove oil, 
grease and protective coatings through boil-out. The manufacturer's manual should be 
consulted. Before boil-out is started. the pre-boiler system should be alkaline flushed or 
cloned. Oil and grease should be mechanically removed where possible. 

MecMnial Cleaning 

Soh-scale deposits may be removed from tubes and plates by hand-scrapers with 
special long-handled tools to reach inaccessible parb. For hard scale, chisels and hand 
hammers may be used. Compressed-air or steam driven hammers are available. Water· 
tubes are usually cleaned with cutting-tools driven by steam or compressed air. 
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(b) Slowdowns 

Periodic blowdown is recommended to prevent the accumulation of deposits left 
behind by evaporation. particularly for f.:edwater of hifll solids contents. Slowdown 
schedules should be based on chem:~& analysis of the feedwater. steaming rates. and accep
ted limits of soluble solids in ti1P. boiler water. It is recommended that a water treatment 
expert be consulted. As a rule of thumb. mud drums should be blown down at least once 
every 24 hours. 

Slowdowns should be sudden in order to create a thermal shock which will dislodge 
deposits that have accumulated in the tubes or drum. 

Lay-ups 

When the unit is shut down for stand-by purposes and draining of the boiler is not 
required for maintenance or repairs. the boiler metal must be protected against corrosion. 
The following procedures are recommended: 

(1) Short Outage (2 days or longer) 

If the boiler is to be shut down for a short period of time (such as a weekend outage) 
during which the drum pressure will drop to atmospheric pressure: 

Introduce nitrogen at a superheater drain valve or boiler drum vent when the steam 
pressure drops below 5 psig. Maintain a total pressure of 5 psig tdue to nitrogen) 
during the entire lay-up period. 

(2) Long Outage (1 month or longer) 

When the Boiler is to be shut down for a prolonged period of time (such as a seasonal 
" outage). the following procedure is recommended; 

Fill the superheater and reheater with a condensate containing 025 ppm of ammonia 
and 100 ppm of hydrazine. Add thf: condensate from the outlet ot the non-drainable 
sections of the boiler and fill the entire boiler. The treated condensate can be dis· 
placed with nitrogen or the entire unit can be laid up wet under nitrogen pressure 
depending upon the temperature of the surrounding area. Maintain a nitrogen pressure 
of 20·35 kPa. When top valves on the superheater outlets are not installed, steps 
should bP. taken to blank off the line so that boiler can be pressurized. 

9.3.2 Fire-Side Cleaning and Maintenance 

(a) Soot Blowers 

Soot and slag deposits greatly reduce heat transfer, cause over-heating, and expedite 
corrosion by absorbing and retaining moisture and corrosive substances. 

Soot blow~rs should be operated frequently enough to keep external heating surface 
clean. 

One way of determining blowing frequency, aside from inspection, is by monitoring 
the stack gas temperature drop, draft I oss and steam/air temperature increase when the 
soot blowers are being operated. From the analysis of the data, a pattern will emerge; 
if the pattern is broken, corresponding investigation and adjustments should be made, 
taking the following into consideration: 
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(1) The boiler bank and superheater are simultaneously blown to maintain heat 
pickup balance. It may be advantageous to reduce blowing frequency in the 
blower bank and increase blowing frequency in the superheater if steam tern· 
perature is too low. 

(2) Superheater blowing frequency may be redu~ while increasing frequency 
in other areas to reduce steam temperature and increase steam generation . 

(3) Increased blowing in the economizer and air heater will inaease heat recovery 
but this must be balanced against the cost of the blowing medium (steam or 
air) and metal erosion. Observation of rate of soot and slag deposition, cost 
of blowing, and blowing effectiveness should be used to detemine the optimum 

schedule. 

Normally, soot biowers are used twice a day, although good practic::e may require 
more frequency. Soot and slag must not be allowed to accumulate since this will reduce 

soot blower effectiveness. 
A new m~thod of soot removal by acoustic means has been developed and has proven 

to be quite effective and economical. It was found that the operating cost of acoustic 

soot blowers is only about 10% of other methods. 

(b; Water-Washing the Fireside 

Ash deposit accumulating on the boiler and superheater surfaces plug the passes 

in the boiler and superheater. This is detrimental because: 

( 1) Ful I load may no! be possible because of increased pressure losses which reduce 

fan capacities. 

(2) Incomplete gas circulation or "laning" through the boiler and superheater can 

cause overheating. 

(3) Soot-blowing effectiveness is reduced; plugging rate is increased. 

(4) Smoking ensues. 

(5) Boiler effectiveness is reduced due to heat transfer loss. 

The need for water-washing is indicated by the following: 

(1) increased pressure drop through the boiler 
(2) reduced steam temperature 
(3) increased exit gas temperature 
(4) reduced boiler capacity/performance 
(5) observed build-up during inspection 

The requitemenu \or water-washing are: 

( 1) outage of sufficient duration 
(2) supply of water at deaired temperature and pressure 
(3) drainage from boiler 
(4) lances or nozzles for directing the water 
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The boiler should be cooled to prevent spalling and stresses on the refractory. The 
refractory should he protected by plastic or other available material. Super 300 tartar 
slurry may be applied; this not only prc.-tects refractory from water but also prolongs its 
life. Rods or bars may be used to dislodge tough accumulation but extreme care must 
be exercised to avoid damaging the tubes. The surfaces should be cleaned to bare metal. 
Water at 38 to 43°C at a minimum pressure of2060 kPa gage is preferrable. Wetting agerits 
and corrosion inhibitors may be added. Caustic or soda ash can be used with care since 
the bonding qualities and melting points of acidic refractories may be reduced. It is ad
visable to blank-off burner openings, instrumentation or low pressure seal air inserts. 

After washing, the boiler should be dried immediately to avoid corrosion in metal 
parts and restore the refractory to operating condition. This is done by firing the boiler 
at a very low rate. 

Soot deposit.s inside fire-tubes may be removed by hand scrapers made to fit closely 
in the tube or by long-stemmed brushes. 

(c) Ammonia - Steam Fireside Cleaning 

This method involves the use of ammonia to clean the fireside of sulfate deposits 
which are difficult to remove. It has been successfully used many times in the Philippines 
and is applicable !o both water-tube and fire-tube boilers. The steps are: 

( 1 ) Shut off burners 

(2) Inject liquid ammor.ia after flame-out through the burners or fabricated injec
tion nozzles. The ammonia will vaporize and go to every part of the fireside. 

(3) Close dampers while injecting ammonia. 

(4) Allow the boiler to cool down. 

(5) Circulate water t-hrough the tubes to condense the ammonia vapor onto the 
fireside surfaces. The ammonia will react with the sulfate deposits to form 
ammonium sulfate, which is easy to remove. Reaction time is about 4 to 6 
hours. 

(6) Open dampers to find out if excess ammonia is present. If it is, stop ammonia 
injection. Another way of determining if enough ammonia has been injected 
is by collecting the fireside condensate drippings. If the pH of the drippings is 
equal to or over 8, stop ammonia injection. 

(7) Dry the furnace by opening the dampers and open..ting the auxilfiary hns or 
introducing steam. 

(8) Blast the fireside surfaces with compressed air. The ammonium sulfate depo
sits should come off easily. 

(d) Lay-Ups 

Protection of boilers which are out of service for long periods of time is crucial. 
Moisture in air can cause serious corrosion to metal parts and degeneration of the refractory. 
However, short outages of up to 30 days do not require any special fireside protection, as 
long as the furnace has been dried properly after it was water-washed. 
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For outages of o'ler one month. the aim of preservation is to keep the furnace cavity. 

boiler bank. and other ;,reas dry through the following: 

1. Seal all possible openings for in-leakage of rair. with plastic sheets or plywood. 
2. Keep the furnace cavity temperature dbove the atmospheric condensation 

temperature. For dry climates or indoor units, this can be done with a string cf 
lightbo!bs in the cavity. For high-humidity areas or outdoor units, electric space 

heaters must be used. 
3. Trays of dessicant must be placed inside the boiler to absorb moisture; use 

13 Newtons 0 .4 kg) of dessicant per 2.8 cubic metre of furnace volume. The 
dessicant must be inspa.'ted and d!"ied or replaced every two months. 

4. Other areas of water entry into the furnace. such as seal air systems on view 
ports and oil guns. leaking soot blower valves, and instrument lines. must be 

properly sealed. 

Water level controls 

Boiler water level 
Boiler blowdown 

Burner operations and 
visual flame check 
Pressure (burner ON and 
OFF) 
Oil burner pressure 
Oil supply pressure 
Oil supply temperature 

Gas pilot pressure 
Atomizing steam/air pressure 
Exhaust gas temperature 

controls 

Pressure and temperature 
controls 

Motor operation 

Housekeeping 

Record updating 

Table 9.Sa: Daily Requirements 
Source: Refcrena:s I & 2 

Comments/Potential Problems 

Excessi>!e solids or treatment. oil 
cont2mination. mechanical malfunction 

Operating level; pump-on. pump-off levels 
Slowdown valve leakage. excessive water 
blowdown; Water column blowdown analysis 
as prescribed by specialist 

Cleanliness. properly working controls. 
correct atomizing pressure for any 
variance from normal setting 

Variations indicate dirty strainers. leaks. 
or fuel pump wear for proper oil 
viscosity 

Variation from normal value 

Excessive steam pressure or water 
temperature may indicate excessive boiler 

loading 

Excessive noise. vibration, defective seals 
bearings 

Look for leaks. noise, vibration, unusual 
conditions 

To include above observations, fuel and 
type, any maintenance, water analysis, 
pre-heater temperature observations. 
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Check 

Operation of water-level 
controls. low water cut
off 

Slowdown water level control 

Feedwater pressure (tempe
rature) 

Fuel supply 
Oil supply vacuum 

Gas analysis 

Flue gas leakage 

Hotspots 

Safety or relief valve 

Pilot and flame scanner 

Lubricating oil assembly 

Tight closing of fuel cut-off 

Flame safeguard 

Burner operation 

Table 95b : Weekly Requirements 
Source: References l cl :? 

Comments/PotentililProblems 

Bring down water level to test automatic 
shut-off; do not allow water to fall 
below recommended level 

Purge float valve of possible sediment 
accumulation 

Abnormal values 

Low level 
Variations indicate dirty strainers, 

accumulation of deposits. needs more 
frequent cleaning; Burner maintenance 
Follow manufacturer's recommendations 

C02, excessive smoke. temperature. stack 
draft and pressure drop through bailer 

Gasketing, etc. 

Indicating by paint discoloration 

Leakage, working condition 

Spark gap. electroda condition, cleanliness 

OH Level 

Flame extinguishing characteristics 

Per manufacturer's recommendation 

Cut off fuel, observe flame failure, note 
reaction time, start boiler and observe 
I ight-off characteristics 

9.3.3 Scheduled Maintenance Requiremenu 

Periodic inspection~ and corrections/replacement prevent major failures and damage from 
occuring, improve efficiency, and reliability and reduce downtime. Thus, they cost less in the 
!ong run. 

The following tablM on periodic inspection and maintenance of boilers are general and may 
not apply to a specific unit. They are not substitutes for the manufacturer's manual; however, 
they provide useful insi~ts and information. 
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Slowdown 

Burner Operation 

Combustion air supply 

Fuel system 

Water pump, circulating pump 

Duration of run 

Water strainer 

Indicating lights, alarms 

Operating and iimit controls 

Low water cut-off 

Safety and interiock 

Belts 

Table 9. Sc - Monthly Requirements 
Source: References l .l. 2 

CommentslPotentW Problems 

frequency, water treatment 

Flue g~ analysis , stack temperature 

Evaluate records, check air inlet, clean 
filters, check oil level 

Oleck pressure gages.pumps, filters and 
transfer lines, clean replace filters as 
required 

Packing glands, bearings, couplings 

Longer run is an indication of wear 

Fouling, clogging, sediments 

Test for function 

Function 

Tension 

Table 95d: Semi-Annual Requirements 
Source: Reference~ I &. 2 

Check 

Item 
Clean low water cut-off 

Remove all plugs in LWCO 
and piping 

Remove and clean oil preheater 

Refractory 

Fireside surfaces 
Waterside surfaces 
Safety/relief valves 
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Commenu I Potential Problems 

Or as required by insurance company 

Or as usage indicates 

Spalling, damage, cracks, deterioration 

Soot and slag accumulation, blistering and 
swelling scale, and sitting 



Check 

Breeching. bolts 
foundations. brickwork 

Refractory 

Fireside surfaces 

Waterside surfaces 

Relief valves 

Fuel system 

Control system 

Chemical feed system 

Table 9. Se: Annual Requiremaits 
Source: References 1 cl 2 

Comments/Potenml Problems 

Damage. cncking 

Repair as necessary 

Clean with brush. water wash. vacuum clean 

Follow recommended procedures. consult water 
treatment specialist. hose~own sludge. scale. etc. 

Recondition/replace 

Fuel storage tanks· sludge and water. corrosion 
Fuel oil pre-heater · sludge/scale build-up 
Fuel pump wear and tear 

Check electronic controls. electrical 
terminals. necessary switches 

Empty. flush. recondition 

9.3.4 Specific Maintenance Suggestions 

a. By-pass air-heaters and economizers at start-up. shut~own or low loads when the flue gas 
temperature falls below 430oC to prevent corrosion due to condensation. Always provide 
by-passes for air-heaters al"d supc!'heater. 

b. In multiple burner systems. provide cooling air for idle or non-firing burners during opera
tion to protect them from over-heating. 

c. Isolate non-operating boilers in multiple boiler systems. 

d. Check fuel-oil thermostats to insure proper viscosity for good atomization. 

e. Use proper oil filters to assure good atomization 

f. Use non-greased bearings in dampers. Grease in bearings collects dust and dirt, resulting 
in bearing seizure. 

g. Use fuel additives to prevent the deposition of sodium and salts when firing oils which 
have them. 

h. Prevent air in-leakage into the combustion space and stack. Leakage may be detected 
by taking oxygen readings at two points; an increase in oxygen downstream indicates that 
air is seeping in through cracks between the two points. 
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9.4 APPLICATION CASE 

The following is an actual weekly maintenance schedule for the boilers of a textile plant in 

Metro Manila. 

lst Shift: 
1. Oean the atomizing cups of steam boilers. 
2. Push-on carbon debris inside the furnace of steam boiler 
3. Regenerate the two cochrane units 
4. Fill-up the emergency water elevated tank. 

2nd Shift: 

1. Clean the deaerator tank. especially the cone type strainer. 
2. Check/align the belt tension of individual burner. steam boiler. 
3. Replenish oil and grease on all bearings~ pumps, compressors. and induced draft fan. 
4. ae~n the fuel strainers near storage tank. 
5. Refill with salt the emergency hooper tank and the salt dissolving tank. 
6. Clean the dirty plastic trays, sampling bottles, panel boards and others. 
1. Clean the entire boiler/lnfilco t.ouse vicinity, 
8. To prepare rolled cloth in preparation for the starting of boiler. 

3rd Shift: 

1. Clean the fuel strainers of steam boiler. 
2. Purge condensate from steam main. 
3. Pump-in the accumulated oil in our receptacle. 
4. Start-up steam boiler operations. 

REFERENCES: 

1. Faulkner, E. A. Jr., "Guide to Efficient Burner Operation: Gas. Oil and Dual Fuel", 
Fairmont Press, Inc., Atlanta, Georgia, 1981. 

2. Garcia· Borras, T., "Manual for Improving Boiler and Furnace Performance", Gulf PuL· 
lishing Company, Houston, Texas, 1983. 

3. Lauer, W. P. Ed .• "General Operating Guide for Industrial Boilers", Combustion Engineerin_g. 
Inc., Windsor, C.T., 1981. 

4. Lindqvist E .• Soot Removal from Economisers and Air Pre-heaters, "Energy TechPology", 
No. 2, 1984. 

5. Rebong, P.R., ,"Notes on Boiler Operation and Maintenance", a Paper Submitted to the 
National Engineering Center, U.P. Diliman, Quezon City, Phils., 1984. 

6. Soriano, M. "Industrial Water Treatment", a Paper Submitted to the National Engineering 
Center, U.P. Diliman, Quezon City, Phils., 1984. 
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Preventive Maintenam:e of Air- Conditioning 
and Refrigeration Equipment 

10.1 INTRODUCTION 

Refrigeration systems have four basic parts, which are the evaporator, the condenser, the 
expansion device, and the compr~or. In absorption systems, an absorber and generator appara· 
tus takes the place of the compressor. The evaporator and condenser are heat exchangers, and 
their maintenance requirement consists of keeping the heat exchange surfaces clean. Compres· 
sors have mechanical components such as bearings, valves, etc. which are subject to wear. Lub· 
ricants for compressors may be contaminated with water, refrigerant, and rust. Other devices 
such as filters, gages, etc. couid become clogged. The refrigerant circuit is usually infiltrated by 
air and non-condensable gases, which reduce the effectivenP.ss of the condenser and other heat 
exchangers, and unnecessarily increases the work of the compressor. Moisture in the air causes 
corrosion of internal surfaces and contamination of the oil. These factors are the concerns of 
maintenance in air-conditioning and refrigeration systems. 

Cleanliness is very important during fabrication, installation, and servicing. Since the 
refrigerant loop is closed, any dirt or contaminat!on left in it will remain and cause serious main
tenance problems. 

Since each air-conditioning and refrigeration system is unique, it is recommended that the 
manufacturer's manual and the installing company be consulted. What will be presented are some 
general maintenance guides; some may not be applicable to a particular equipment or installation. 
Electric motors, which are the most commonly used prime movers, are discusseci in Chapter 11. 

10.2 DIAGNOSTICS 

10.2.1 On-Stream Indicators 

The refrigeration or air-conditioning system has certain operating characteristics which 
if properly recorded and correctly interpreted will indicate the need for maintenance. Action 
or investigation is usually needed when there are an-i deviations from normal temperatures, pre
sures, vibration levels, etc. it is recommended that operators develop a "feel" for the system 
so that maintenance signals can be detected at once. The following are some important parameters 
to be observed during operation. 

(a) Refrigerant Pressure. 

The critical points of measurement of refrigerant pressure are before and after the 
compressor. Table 10.1 contains way! of interpreting abnormal suction or discharge pres· 

sure. 

(b) Condition of Lubricant 

Operating Oil Preaure. The operating oil pressure will gradually decrease due to clog· 
ging of oil filters and loosening of the wearing parts of the system. Some manufacturers 
recomrnend that the oil filter be changed when the operating oil pressure has decreased to 
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Problem 

\ 1. Too high discharge 

.) pressure 

2. Too low discharge 
pressure 

3. Too high suction 
pressure 

4. Too low suction 
pressure 

T&ble 10.1 : Posm"ble Causes of Abnomal Refrigerant Prwe 
Sodlce: References 2 .l 3 

lndic8tions Caase Suggested Action 

a. Too warm water Insufficient or too 1. Increase cool· 

from condenser warm cooling water ing water flow 
2. Lower cooling 

tower thermostat 

b. Hot condenser Air or noncondensable Purge 

I 
gas in system 

Excessive Trim 

refrigerant regrigerant 

c. Cooling tower Cooling tower 1. Recheck 

functions properly too low refrigerators 

but discharge 2. Change cooling 

pressure is still high tower if required. 

a. Too cold water Excessive condenser Adjust va1ve 

from condenser water or selting 

Cooling tower Raise selting 
thermostat set too low of thermostat 

b. Cooling tower Cooling tower too 1. Recheck speci· 

works but discharge large fications 

pressure low 2. Replace cool· 
ing tower if necessary 

a. Compressor runs Excessive evaporator Prevent infiltration (e.g. 

continuously load due to infil· real cracks, close 

tration windows etc. l 

b. Too cold suction Liquid refrigerant Reset ex· 

line flooding badt to pansion valve 
compressor due to and check 
overfeeding of probe attach· 
expansion valve ment 

a. Bubbles in sight Lack of refrigerant I Repair lt!ak, if any and 

glass recharge refrigerant 

b. Loss of capacity Blocked expa;1sion Clean or repair valve 
valve 

c. Too low tempera· Thermostat contacts Repair or 

ture in condi· stuck clt>Se replace 

tioned space thermostat 

d. Too hilt' superheat Too much pressure Check for 

drop through eva· plugged 

porator externi.I 
equalizer, 
if any 
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70%. Experienced technicians can tell by feeling the casing of the oil filter if it is clogged. 
The possibility of extreme bearing wear should be investigated. If there is severe oil rressure 
fluctuation, it is possible that there is a leak on the vacuum side of the lubrication piping 

or the oil pump se1'1. 

Oil Contamination. Contamination is a serious lubric.ation problem. The most com
mor. oil contaminants are rust, water from leaks, and the refrigerant. If the oil has be· 
come dark or black, it is a sure sign of contamination. Several laboratory tests are helpful 
in determining the cause and extent of oil contamination (Refer to Otapters 4 and 5). U~ 

oil filters should be dissected and the deposits trapped in them examined. Aluminum frag
r.1ents indicate sericus aluminum bearing wear. 

Oil Carried by the Refrigerant. Serious losses in capacity of the condenser and eva
porator could be due to oil carried by the refrigerant and deposited on the hea( exchange 
surfaces. This reduces the heat transfer coefficient of the metal. Operational characteris
tics can indicate oil deposition. For example. oil can be detected by the absence of conden
sation in the lower portions of cooling coi!s. Higher condensing temperatures could b-: due 
to oil in the condenser surfaces. 

(c) Non-Condensable Gases in System 

Air or leaks will generally cause a reduction of capacity. In high-pressure systems. the 
r'!sult is one or more of the following: 

fl) lowering of evaporator pressure and temperature 
~2) lcin'! '.;,parts of exposed liquid line 
(3) Higher chilled water temperature!i 
(4) lower condenser discharge temperatures 
(5) lower motor load (determined by taking current and voltage readings) 

low pressure systems using R-11 are particularly susceptible to air infiltration. leaks 
are difficult to detect because the direction of flow is into the system. If automatir: purging 
becomes too frequent, or the compressor cuts out due to high pressure without any other 
apparent cause, air in·h~akages are probable. leak testing should be done as soon as practi· 
cable. 

10.2.2 leak and Vacuum Testing 

(a) leak T P.Sting 

Hissing sounds, particularly at joints and gaskets. indicate leaks. The exact locatior.. 
of the leak can be determined through the soap test. Continuous bubbling will show where 
the leak is. 

A halide torch or electronic halide leak detector can be used to locate leaks at joints. 
welds, flanges, and other connections, particularly in high-pressure components. R-12 can 
be readily detected using these instruments, but in a low prr ssure unit which uses R-11, 
it is neces::ary to transfer the A-11 and fill the system with a mixture of dry nitrogen and R-
12. As an example, in York Turbopaks A-12 is introduced in the evacuatirtl system up to 
about 14kPa; then the pressure is built up to 70 kPa with dry nitroyen. Care and thorough
ness are very important in testing fol' ieaks. 

(b) Vacuum Testing 

In vacuum testing, the system is isolated from the atmosphere and emptieo ·· i,ifS 

or air using a vacuum pump. It is then allowed to stand for some time. If the ire.· rnal 
pressure increases, there is a leak which must be found and repaired. For examv1e, :n 
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York turbe>Plk uni~. the pressure to be maintained is around 5 mm Hg corresponding to 
about 0.06 oC wet bulb temperature. If after 4 hours the wet bulb temperature is still below 
4 oc. the Turbopak unit is considered leak-free. 

Vawum testing may not be effective in large units because small but significant 

leaks will produce virtually no inaease in pressure. 

10.2.3 Valft and Filter Tem.,.mure 

Operatioo of \Jives end solenoids or clogging of filters can usually be checked by touch. 
This is one reason why it is important for the operators to develop a "feel" for the system. Some 
ways of checking for dogging or 1T·alfunction through touch follow. 

(a) Clogged Strainer 

Th! outlet piping of a clogged strainer will feel cooler than the inlet piping. Severe 
clogging will cause dew or frost to appear at the outlet piping. 

(b) Thermostatic Evpansion Valve (TEV) 

If the suction line is abnor."ally cold, the TEV power unit may have lost it:s charge. 
To test this, the following is supsted. 

(1) Cut off power to compressor 
(2) Rt"mo,,e sensor from line and place in ice water. 
(3) Start the compressor 
(4) Removi:? the sensor from the water and warm it in the hand; if the suction 

line immediately becomes cold {indicating a flood of liquid refrigerant), the 
powf: unit is operating properly.Warning: Do not allow flooding to continue 
lo-.-;ger \Z-;an is necessary to determine that refrigerant flooding ha o.::c:ured. 
Lif4uid rmigerant can seriously damage the compreSIOr. 

An abnorme1lly cold suction line indicates refrigerant flooding which could also be due 
tc an improperly set TEV 

(c) Solenoid Valve leakage 

A leaking solenoid valve in thP. closed position may be detected by feeling its outlet 
and inlet piping. The outlet will he colrler than the i11let if the valve leaks. Serious leakage 
may impair the compressor·s low suction pressure cut out. 

(d) Refrigerant Charge 

Bubbles in the sight glass. coupled with a warm, low pressure suction line indicate lack 

of refrigerant . 

Too much refrigerant may be the cause of high held pressure. In extreme cases, h1yh· 
pressure cut-out or therma! overloads in the starter may shut the motor off. 

10.2.4 M1119ing tl\a Motor 

Hermetic compressor~ ar• vulnerable to moisture from outside air or leaks collecting inside 
their shell. Testing the motor winding resistance with a megaohmeter will show if there is a need to 
drive off moisture in the windinys through heating. Decreased resistance generallv indicates 
moisture; the lesser the res!mtnce, the more moisture is present. Graphs are usuallv ··~ to 
determine if the motor needs to be heat-dried. An example of this is shown in Figure 10.1. 
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10.3 PREVENTIVE MAINTENANCE PROCEDURES 

10.3.1 Wmr T'91b'Mnt end lntwMI Ctuni .. 

Maintenance of heat exchange surfaces, particularly the condenser and cooler tubes, prima· 
rily involves keeping them clean and free of scale. fouling. oil, and corrosion. These deposits 
reduce the heat transfer coefficient of metal and generally contribute to its deterioration. 

(a) Water Treatment 

Most scale and depositi0t1 problems are water-related. and it is advisable to at least 
consult a competent water treatment authority. A chemical analysis should be done on 
representative water samples to determine the proper water treatment program. Chapter 8 
tackles internal and external water treatment. 

(b) Cleaning 

Tube deposits can be generally classified into two types as follows: 

O) Rust or sludge. These deposits usually accumulate inside tubes but de not 
build up on the internal tube surfaces as scale. They can usually be removed 
by thorough mechanical brushing. 

(2) Scale. These deposits are due to mineral and other contaminants in water. 
They are ouite thin, and are not readily seen during inspection, but they are 
highly resistant to heat transfer. Acid cleaning is necessary to remove them. 

Soft bristle bronze brushes may be used to clean tubes of rust or sludge. It is recommended 
that water be admitted into the tubes during brushing to improve cleaning. To do this, the brush 
may be mounted on a tube with some holes in it, with the other £nd of the tube supplied with 
water through a hose. Brush cleaning should precede any acid cleaning. 

It is recommended that samples of scale or dirt from tubes be chemically analyzed to deter· 
mine the best cleaning solution for acid cleaning. If this is not possible, however, commercial 
hydrochloric (muriatic) acid can be used. If the ser'lices of a competent cleaning authority cannot 
be acquired, the following general cleaning procedure may be adopted: 

(1) Brush-clean the heat exchanger 

(2) Make the system watertight 

(3) Provide for inlet and outlet piping, an acid mixing tank, ard a suitat.le pump as in 
Figure 10.2. The capacity of this tank should be more than the anticipated maximum 
volume of acid so!:Jtion that ·i.he system will hold, plus a certain amuunt in the tank 
for recirculation. 

(4) Place the necessary amount of water in the acid mixing tank, and add the apprc, · 
priate amount of inhibited acid cleaner. Caution: Always pour acid into water. 
Never add water to at:id. If the scale is coated with an oily film, use a good grease 
cutting detergent first before the acid, rinse, and then use the acid solution. 

(5) Operate the pump to recirculate the solution through the system. The open mixing 
tank allows any gases which may have been liberated (like hydrogen) to e~pe. 
Do not allow any open flame or spark in the area. as this may cause the hydrogen to 

explode. Recirculation should go on for a few hours. Some si.;ppliers recommend one 
hour for the grease cutting solution and four hours for the acid solution. Cleaning 
should be repeated if subsequent in•pection re'Weals the prl!ience of scale. 
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(6) Rinse the system with water. Then, neutralize the acid by soaking the system with a 
suitable alkali solution for about an hour. Some companies use 0.5% Na OH solution 
by weight. Drain the neutralizing solution and rinse the system with fresh water. 

10.32. Purging 

Non-condensable gases and moisture laden air should be kept out of the system. Air and non
condensables usually gather in the condenser, covering some condensing surface, and increasing 
internal press•Jre, extra work done to compress the air mixed with the refrigerant, and moisture 
in lhe system causes acid formati0t; and corrosion. 

I n vusa 
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Figure 10.2 Acid Cleaning Auxiliaries and Connections 

Since it is virtually impossible to completely isolate the system from the atmosphere, air 
and non·condensable gases must be periodically purged out of the system. 

Most systems are equiped with automatic purging units which separate the air from the 
refrigerant by condensing the latter. After a pre·set time, non-condemed gas is vented to the 
atmosphere. Since there is a great possibility that some refrigerant may be purged out with air, 
the setting of the purge unit should be periodically checked . Excess automatic purging should be 

investigated. It may be necessary to replacf: tloat or pressure switches and/or solenoid valves to 
correct faulty purge ope.-ation. Periodic maintenance of purge units is needed to ensure reliable 
performance. An example of a purge unit preventive rnaintenan\:e schi?dule is shown in Table 
10.2. 

1. 

Table 10.2: Typical Preventive Main~ Schedule for Purge Units 
Sowce: Reference 2 

Period MaintaNnce Promdure 

Ouarterly {more often it Change t~e purge unit filter drier 
conditions warrant) 

2. Annually a. Clean and inspect all valves which are 
part of :Ile purge unit system 

b. Drain and flush oil and refrigerant 
from the purge unit shell 

c. Clean all or if i~s 
d. Inspect the foul gas inlet of check valve 
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10.3.3 VKUUm Dehydmion 

Before refrigerant is charged into the system. air moisture must be removed. One prac· 
tical method involves the removal of air from the system with a vacuum pump. As the pressure 
decreases, moisture flashes to vapor and is carried out with the air. The limiting vacuum pressure 
is around 0.7 kPa (abs). At this pressure, most of the air has been drawn out of the system but 
there is still some moisture left. To provide a medium for extracting this remaining moisture, 
dry nitrogen is usually introduced into the system. Then, the vacuum pump is again operated 
to draw out the nitrogen and moisture up to the pressure of 0.7 kPa (abs). 

10.3.4 Scheduled Maintenance 

According to some sources, refrigeration and air-conditioning systems are designed for a 
theoretical life of 20 years. Scheduled maintenance requirements vary, depending on the system. 

Compressors should be inspected at least weekly for proper oil level. The oil should be 
visible in the sight glass when the compressor is running. Oil should be added whenever the oil 
falls below the recommended level. In open-type compressors, the shaft seal should be inspected 
aoo replaced if it leaks. 

Other system components also need to be checked and serviced periodically depending on the 
manufacturers recommendation. Generally , this consists of replacing the oil filter, draining the 
purge drum of water, checking drive-belt tension on components, and lubricating linkages. 

Annual requirements may include changing the oil, checking the electrical control systems, 
and general compressor overhauls. 

An example of a scheduled maintenance program follows; 

(a) Daily 

(1) If the compressor is in operation, check the bearing oil pressure. 

(2) Check the entering and leaving condenser water pressures and temperature. 

(3) Check the entering and leaving chilled water temperatures and pressures. 

(4) Check the liquid refrigerant temperature leaving the condenser. A thermometer 
well is located in the flow control chamber for this purpose. 

(5) Check the compreasor discharge temperature. A well is provided in the compressor 
discharge connection for a thermometer. During normal operation discharge tempera· 
ture should not exceed 121 °C. 

(6) Check the compressor motor amperes. 

(7) Check for any signs of dirty or foul condenser water. (The temperature difference 
between water leaving condenser and liquid refrigerant leaving the condenser should 
not exceed the difference recorded for a new unit by more than 2.2 CC 

(b) KW/y 

Check the refrigerant charge 

(c) Quarterly 

Change the purge unit filter-drier at least quarterly. or more often if required. 

(d: Annwl/y (~ OftMI if IW...,-Y) 

( 1) Drain and replace the oil in the compressor oil reservoir 
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(2) Replace the oil filter element. 

(3) Replace motor cooling liquid filter element 

(4) Clean the condenser tubes 

(5) P.eplaee oil eductor filter 

(6) Inspect and serv~ electrical components as necesMrV. 

Maintenance of absorption systems consists primarily of keeping moist air and non-condensa
bles out by repairing all leaks and purging. Table 10.3 is a summary of manufacturers· recommen
dations for scheduled maintetlance in absorption systems. 

10.3.5 Ventilation Systems 

Regular maintenance in air-conditioning ventilation systems reduces fan power requirements 
and eliminates overventilation and uncontrolled infiltration. The following are some maintenance 
guides for duct, damper and coil systems. 

(a) Check ductwork for any obstructions, loose or damaged insulation and air leaks. Adjust 
turning vanes and accessories. Tape or caulking may be used to seal leaks. 

(b) Regularly clean or replace air filters. If possible, use low pressure-drop filters {consult con
tractor or manufacturer). Check electronic air cleaners for accumulations and replace 
filter media if necessary. 

(c) Periodically clean air heating. cooling and dehumidification coils with a mixture of deter
gent and hot water. A portable high-pressure cleaning unit may be used. Check and cor
rect leakage around coils and casing. 

(d) Regularly clean all dampers, fan parts, spray chambers, di~sers. controls, strainer£ and 
eliminators to keep them free from dirt, lint. etc. Use high-pressure water to clean elimi
nator wheel blades. Inspect mixing dampers and linkages and clean, adju~ VAV boxes 
to stop overcooling or overheating. Check tightness of automatic dampers and improve 
seals with felt weatherstrip. 

(e) Recalibrate all sensors. controlling louvers. and dampers regularly. 

(f) Check all air inlets, outlet-diffusers. registers, and grilles for dirt and obstructions. Clean 
if required. 

Ur.controlled infiltration unnecessarily increases the cooling load. It may be prevented 
by the following; 

(a) Check interior and exterior surfaces for cracks and faulty seals; caulk where needed. 

(b) Inspect sections of dampers, louvers, ducts and pipes that enter the building for leaks. 
Caulk may be applied to seal sources of infiltration. 

(c) Check all window and door seals for tightness and repair if necessary. 

(d) Keep window and door latches or locks in good condition and repair all cracked and broken 
window glass. 

(e) Window air-conditioners, louvers and dampers should be sealed with plastic covers if idle 
for long periods of time. 

m Inspect automatic door opening and closing devices to assure quick action and tight aealing. 
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-"' °' 

fNquenc:y 

o.ily .................. 

Weelcly ..... 

Monthly ... 

Semi· 
Annually ............ 

Annually ... 

Bi1nnu1lly .......... 

Others ..... 

Table 10.3: Smnmary of Ab10rption Manufacturen' Maintenance Recommendations 
Source: Reference 3 

MllnufM:tUrer 1 M8nufllCtUrlf 2 M•ufllCtUrer 3 M•uf1c:turer 4 

................................................ ............................................... ·············-··················· Check purge indlc1tor 
1nd oil level 

Purge unit·or timer 
Pressure-check prior 

to 11ch stert·up 

Purge unit If down over 3 d1ys Check purge oil level Check, pump·sHI w1ter 
v1cuum purge unit !evel thrnughout y11r 
ind test prior to stert·up ind before Heh st1rt·up 

Check purge •lignment Check purge metering rate Check purge belt Check purge belt 
ind belt tension Check l11k rate by tension ten11on 
Check purge oil VICUUm test 

Recl1im solution 
Add octvl .ili:ohol 

·················-······-····--··-· .. -· Lubricate solution ... C'~'""'" co•rosion in· 
motnr linkage •. hibitor content 

Change purge oil 

Ch1nge purge oil Repl1ce vacuum Rcplece purge Ch1nge w1ter·pump 1111 
Lubriclte purge "'otor tubeR In control d isch1rge·v1I ve Lubric.te pump motor 
Add octyl 1lcohol motor rubber 1nd oil· Check controls 
Adjust controls distributor rubber Ch1nge purge oil ind belt 

·····························-········· Remov11 alcohol from purge Repl1ce valve 
Clean or replace diaphragm 

purge sight glass 
Replace upper 1nd lower 

bail check· valve seat 
Replace v1lve di1phragm 
Clun or rep;ace 

absorber sight gl1ss 

Cle1n pump cool1nt 1nd Inspect pumps 1nd Recl1im solution Recl1im solution per 
hhric.te streiners motors after leek check test 

20,000 hr Cl11n pump streiners, float 



10.3 APPLICATION CASE 

This cme study indicates that good preventive maintenance can result in substantial savings 

through increased efficiency. lesser material requiremf.nts. and reduced cieaning frequency. The 
savings generated are not necessarily entirely due to preventive maintenance. Other factors such as 
amount and type of matarial being refrigerated oould have affected the power consumption lllf the 

compressor. 

The Food Terminal Inc. main cold storage facility in Bicutan. Taguig. Metro Manila has a 
number of NH

3 
compressors. Regular monitoring. cleaning. adjustments and annual overhauls 

were done on a pa1-ticular high-stage screw compressor. The following compariSIJn was obtained. 

1. Before Prewentive Maintenance 

a. Higher consumption of lubricating oil 
Cost = 9.33 drums/year /compres~or at1"5241.36/drum 
equivalent to .,..48.901.89/compressor /year 

b. Overheatins of Ammonia Compressar as a result of dirty oil cooler. requiring 
cleaning of carbonized oil. Cost= ~1.384.62/compressor/year 

c. Oil separator filters were clt>gged/damaged by accumulated carbon. Filter 
life was reduced by one half. 
Cost= ,.-255 x 14 pcs. = .,.3710/compressor/year 

d. Oil pressure filter clogged/damaged by accumulated carbon. Filter life was 

reduced by one half. 

Cost = Pl .700/compressor/year 

e. Frequent cleaning of suction oil filter, pressure oil filter. capacity control 
unit results in the purging of approximately 5 kg of NHJ. 

5 kg NH3 2 12 months P18 

Cost = ···················· x •·····•······ x ••••••••••••••••• .'.I( • ·····-··········· 

compressor month year kg NH3 

= ~2160/compressor /year 

f. Worn out oil pump bearings 

Cost =?310 x 2 times = ~20/compressor/year 

year 

g. Reduced equipment efficiency and increased power consumption 

$ (460V) (555 amp.) (0.95) 24 hrs 

Cost ; ·············································· x •···••·•··· 
1000 

365 days .... 2.50 
)( ............... . x ······•• 

year kWh 

= .,..9,199.816.43/year 

h. Total Operating and Maintenaoc.e 
Cost• ~9,257,292.94/compressor/year 

1S7 

day 



2. Pn ... tin Mairn.mnce Work Done : 

Maintenance in compressor as required in the general maintenance schedule 

a. Continuous monitoring and checking of compressor operating status and con· 

dition. 

b. Lubrication of electric motor drive. 

c. Cleaning of filters and purifiers and condensers. 

d. Adjusting compressor controls as required. 

e. Overhauling of compressor and motor1-17.155.71 

3. Experience and Results with Preventive Maintenance: 

Applying preventive maintenance in the operation of the ammonia compressor. 

the following results were observed: 

a. Consumption of lubricating oil decreased. 
Cost= 8.66 drums/year/compressor at'f5241.36/drum 

='fllS,390.18/compressor /vear 

b. lesser accumulation of carbonized oil 

c. Oil separator filters clogged/damaged were reduced 
Cost ='266 x 14 (1/2) 

= ~855/compressor/year 

d. Oil pressure filters clogged/damaged were reduced 
Cost= 1'850/compressor/year 

e. Cleaning frequency of suction oil filter. pressure oil filter and capacity control 

unit was reduced by one-half. 

5 kgNH3 1 12months P18 
Cost=··----·-- x ---- x --- x 

comp. month year kg NH3 

= P1080/compressor/year 

f. Less worn out oil pump bearings 
Cost • tt'310/comprmor/y..-

g. lncrased equipment efficiency with a reduclion in operating current by appro

ximately 10 1mp. everage at ume lo.t. 

A (480Y) (646) (0.86) 24 hrs. 

COit -
x • 

1000 dmy 

-deys t"l.&0 
x x 

Y• kw.fir 

= ft.G34.o&3•/comprHICll'/y• 
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Toi.I Maintenance and Operating Cost with Ammonia Comprmor Overhauling: 
Cost ="9.100.694.87 /cxxnpressor/year 

Toi.I Maintenance and Operating Cost Without Preventive Maintenance; 
Cost •119.257.292.94/compreaor/year 

Net Savings -= ~56.598.07 /compressor/year 

NOTE: labor Cost Not Considered. 
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Preventive Maintenance of Electrical Equipment 

11.1 INTRODUCTION 

The preventive maintenance programs involving electrical equipme11t should be aimed 
towards eliminating the conditions that contribute to failure before it ocx:urs within the life 
expectancy of the equipment. This should accomplish two objectives: 1) It should maintain the 
equipment in good condition and 2) It should provide warning against impending breakdown. 
Energy conservation is also an important result. 

It is essential that the maintenance engineers and technicians be completely aware of the 
operating sequence and purpose of each part. It is not the purpose of this chapter, i·owever. to dis· 
cuss the many types and uses of various electrical equipment but rather to describe general preven· 
tive maintenance diagnostics and procedures applicable to most electrical equipmen~. 

'l 1.2 DIAGNOSTICS 

Diagnostic procedures are means of gathering information concerni11g the condition of 
electrical equipment. The information normally coming monthly from machinery history files 
and other sources, such as equipment brochures and manuals, are analyzed and gathered for use 
in decision making. Diagnostics consist of a variety of electrical tests, visual examinations and 
knowledge of equipment operation. These are utilized to look for a weakness in the equipment so 
that it can be removed or repaired before it causes trouble. 

A complete record for each piece of electrical equipment sC1ould be maintained. The records 
should show nameplate data, ratings, date of installation, etc. The manufacturer's drawings, 
recommendations, instructions, and spare parts data should be recorded. The dates of each inspec· 
tion should be recorded and a record of all tests and maintenance should be kept. 

Properly recorded data will be extremely helpful in emergencies to identify parts quickly 
and to procure replacements needed to make repairs. In many cases they will indicate when 
repairs can be anticipated. 

The basic considerations for determining preventive maintenance diagnostics are as follows: 

a. The type of electrical apparatus 

b. The applicatior, of the apparatus 

c. The environniental conditions under which it must operate 

d. Its age and condition 

Table 11.1 gives the common cauNS of failure of electrical equipment. 
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Table 11.1 Common Causes of Failure of Electrical Equipment 
Source: Reference 1 

1. Environment Dirt and dust 
Chemical 
Moisture 
Excess!ve heat 

2. Application in Overloading 

terms of Improper selection enclosure 
Voltage and/or power factor 

problams 

3. Installation Poor or loose mountings 
Improper electrical connections 
Improper prote.::tion 

3. Condition Age 
Wear or damage 

11.2.1 Periodic Tests 

The~ are tests used to establish the condition of the equipment. They are conducted 
at varying intervals of time depending upon the type of equipment. 

The following is a list of periodic tests that can be performed on electrical equipment· 

(a) Insulating Resistance Test. This test is performed to verify the integrity of the insulation 
used in all types of electrical equipment. This includes transformers, circuit breakers, cables, 
motors, switches. etc. 

{b) Power Factor Test. This test is used to measure the power factor of the insulation in 
all types of electrical equipment and cables. The test is cor1ducted at temperatures above 
0°C since ice is a relatively good conductor. This test provides an indication of the quality 

of the insulation. Values obtained during the acceptance tests are comparedwithexpected 
ranges of values determined from similar equipment. After the initial tests a comparison 
is made between values obtained at different times so as to establish a trend and thus 
anticipate potential troubles. Whenever possible, power factor tests are incorporated into the 
routine factory tests for equipment. The acceptance test •1alues may then be directly com· 
pared with the factory values. 

(c) DC High Potential Test. This is a test of the dielectric strength of insulation. It is utilized 
to determine the quality of the insulation in electrical equipment particularly items with 
solid dielectrics such as porcelain, rubber, PVC, PE, Micarta, etc. It is not generally used 
for on site testing of equipment windings with the exception of motor generator windings 
or on o!I filled equipment. Extreme care is exercised when applying the test voltage 
so as to avoid equipment damage. Succ:essful withstanding of the voltage indicates satisfec· 
tory dielectric strength. In addition a comparison of the charging current between tests 
over a a period of time will indicate the degree of deterioration of the insulation as well 
as an examination of the plot of the leakage current vs. time during the "soak" portion 
of the test. 
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(d) Dielectric Absorption Test. This test is again a test of the quality of the insulation. It is 
applicable to transformers. regulators and other similar devices as well as shielded high 
voltage power cables. Its primary function is to provide an indication of deterioration 
prior to complete failure. 

This test is performed by charging the insulation under test with an insulation resistance 
test set, The test is applied for a period of time sufficient to fully charge the cable. Resis
tance readings are taken every 15 seconds during the fir .. c 3 minutes and at 1 minute inter
vals thereafter. The test st.all continue until 3 equal reading .. are obttined. This final 
reading shall be recorded. All windings or other conductors (in the case of a cable) not 
being tested are grounded. The tank (or shield) are grounded also. 

(e) AC Over Potential Test. This test is pGrformed to verify the integrity of the insulation in 
low voltage devices (600 volt and below) and associated wiring. Specific manufacturer's 
recommendations are observed before applying this test to solid state components. The 
test consists of applying an AC voltage to tt-.e device for 1 minute and verifying the s:.iccess
ful withstand of this voltage. 

(f) Contact Resistance Test. This test is used to measure the resistance of the main contacts 
of a circuit breaker. A rise in resistance is an indication of the need for maintenance or 
replacement of the contacts. 

(g) Winding Resistance Te::t. The winding resistance in motor. transformer, regulator. etc. 
is not subject to change unless turns are open or short circuited. An accurate measurement 
of the resistance at the time of acceptance will thus permit future assessment of winding 
faults. Periodic checks will disclose shorted turns before further problems occur. 

(h) Insulating Oil Test. Neutralization number, interfacial tension, dielectric strength, color. 
and visual examination tests are pP.rformed as described in IEEE No. 64 "Guide for Accep· 
tance and Maintenance of Insulating Oil in Equipment". A comparison of the values ob· 
tained for each test over a period of time will indicate the gradual deterioration of the oil 
unless oil treatment has been performed. 

(i) Combustible Ga.; Analysis. A combustible gas analysis is performed to determine the 
amount if any of various types of combustible gases in the transformer gas cushion. These 
combustible gases are produced over a period of time by small magnitude turn-to-turn 
or other internal arcing faults. Internal arcing involving the core or other steel parts may 
result in particles of carbon in suspension also. Upon detection of combustibles testing 
should be repeated at shorter intervals of time so as to a..sure r&moval of the unit from 
service before major trouble occurs. 

(j) SF 6 Gas Analysis. SF 6 gas used in circuit breakers is subject to contamination due to the 
products released during the interruption of current. This contamination increases with 
the severity of the fault and with the deterioration of the breaker contacts. Specific tests 
are not normally performed. since the gas should be recor,ditioned on a regular basis in 
accordance with the manufacturer'11 r:?commendations. 

(k) Timing Test . . ~ timing test is performed at the time of acceptance and again after all ad· 
justments or replacements of contacts in circuit breakers. The test is used to verify that 
all poles of the circuit bre~ker and all series contacts in each pole are opening simultaneous· 
ly. The circuit breakers are timed as closely as possible to the tolerances provided by the 
manufacturer. 
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(I) Motion Analyzer Tnt. The motion analyzer test is conducted to verify the good condition 
and proper adjustment of the mechanical operating linkages of a circuit breaker. A graph· 
ical representation of the elapsed time versus distance travelled is plctted. Any wear or 
poor adjustment will result in a non-uniform curve. This test should be conducted in con· 
junction with the timing test. 

(m) Series Overcurrent Test. All re<loser and low voltage power circuit breakers having se· 
ries tnp devices should be teste-J periodically to verify the calibration and proper opera
tion of the device. The test is performed at a number of current level so as to verify the 
current versus time operating characteristics and the minimum instantaneous trip cur· 
rent level, if applicable. 

(n) Turm Ra!io Test. A turns rrio test is performed periodically as an aid in detecting turn-to· 
turn short circuits in power and instrument transformers. 

(o) Polarity Test. Polarity tests should be performed on all power and instrument transformers 
after installation and again after any removal and replacement of a unit. 

(p) Protative Relay System Tests. All protective relays and each protective relaying scheme 
as a whole should be subjected to operational tests at least once per year. The test will 
vary depending upon the particular scheme and co·nponent relays. The test, however. 
should in all cases be of the type where actuc.I abn.1"mal operating conditions are simu=a
ted and the proper operation of all components are checked. Multi phase current and 
potential sources are used.where applicable rather than attempting to test multiphase de
vices with single phase sources. 

(q) Meter Calibration Tests. Indicating instruments are tested by comparison with a portable 
standard instrument which is connected intc the same circuit as the instrument being tested. 
Test switches are usually provided for this purpose on the front of the panel. 

(r) Capacitance Test. The capacitance coupling capacitors, the condenser section of bushings and 
other similar capacitive devices should be verified at time of installation. Periodic measure· 
ments are usually not made unless a specific reaso11 is incurred. 

(s) Ground Grid Resistance Measurement. The ground grid resistance are measured periodically 
to verify that significant changes have not occured due to changes in ground water levels 
or ot.,er similar natural phenomenon. The value obtained are compared with previously 
measured values or with design criteria values in the case of a new installation. 

(t) Vibration Test. Several models of instruments are available which detect and electroni· 
cally measufe vibration in rotati,,g equipment. The use of vibration testing equipment 
provides a means of yardstick determintation of equipment condition by the establishment 
of norms. Pre"entive maintenance programs include equipment sheets indicating points 
of measurement for the application of a probe connected to a portable hand·held instrument 
indicating a reading in vibrations. Variation from established norms activates scheduling of a 
particular piece of equipment for further examination before a failure occurs. Complete 
analyzers are available to pinpoint problems. 

11.2.2 Electrical Equipment and Facilities 

Electrical equipment from the facilities point of view will include the 
substation, all distribution circuit breakers, :rcmsformers, and all other 
which mJy be dirgctly affecting any of the above items and lightiny system. 

main 
devices 

Table 11.2 gives common electrical and recommended diagnostics used in 
preventive maintenance programs. 

163 



\ 
.) 

-

I 

Table 11.2 Recommended Tests for Common Electrical Equipment 
Source: Reference 1 

--
Item and Description Recommended Tests 

Service Entrance Insulation resistance test 
Overhead supply or an Power factor test 
underground cable DC high potential test 

Dielectric absorption test 
AC over potential test 

Electrical Distribution Insulation resistance test 
systems Power factor test 

DC high potential test 
Dielectric absorption test 
AC over potential test 

Protective Devices· Reiays Protective relay system test 
· Induction-disk Insulation resistance test 
. Pick-up induction disk Minimum current test for main 

unit contact 
. Induction disk unit Time characteristics 
· Instantaneous element Minimum current test for relay 

pick up to operate 
-

Fuses Continuity test 
Fuse element characteristic test 

Enclosed switches Contact test 
Series overcurrent test 

Molded case circuit breaker Series ov\!rcurrent test 
Timing test 
Contact resistance test 
Insulation resistance test 

Low voltage power circuit Series overcurrent test 
breaker Timing test 

Contact resistance test 
Insulation resistance test 

Oil circuit breakers Timing test 
Insulation oil test 
Insulation resistancld tes! 
Contact resistance test 

-
Transformers Insulation resistance test 

Dielectric absorption test 
Winding resistance test 
Insulating oil te~t 
Cc1""h1Jstible gas analysis test 
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Co.it. Fable! 1.2) 

I 
SF 6 gas analyses 
Turns rdtio test 
Polarity test 

Motors Insulation resistance test 

I Vibration test 
Winding resistance test 
Power factor test 

Regulators Insulation resistance test 
Ground test 

11.~ MAINTENANCE PROCEDURES 

The factors that must be considered in establishing sound maintenance procedure applied 
to electrical equipment are complex. The variety of types of equipment, the uses to which they 
are applied, and budget considerations for a specific situation must all be evaluated. It is the 
responsibility of the plant engineer or the maintenance manager to set up schedules that will elimi· 
n.:te unexpected equipment failure. 

Machinery history files if available are consulted to obtain information as to what and how 
maintenance procedures should be accomplished. 

Manufacturer's instruction manuals as well as text publications are also used as guides in 

determining standards of maintenance procedures for performing an electrical preventive main
tenance program. Tv10 typical detailed inspection m:iintenance procedures are outlined in this 
chapter. One maintenance procedure inspection detail applies to motors and the other applies to 
tFansformers. Motors and transformers are taken as samples on assumption that they consti· 
tute the majority of the eiectrical equipment. Planned preventive maintenance procedures 
can ident'fy weaknesses in electrical equipment (See Table 11.3). 

11.3.1 Electrical Facilities 

Mo~t of the facility electrical equipment is of a nature that will not require frequent main· 
tenance activity. Except where questions of age, condition and environment modify the proce
dures it can be expected that most activity will occur quarterly or yearly. 

Pre1.1entive maintenance procedures will l::a mainly on: 

o Testing the condition of the insulation on periodic basis 

o lnsJ>P,cting the cable installation's physical condition 

o Ensuring thff tightness and good condition of mechanical connections. 

(a) Minimum Prt••entive Maintenance Procedures for Electrical Protective Devices: 

(1) Clean. Motor overload relays should be cle3ned periodically. Remo11e dirt er dust 
created by the operating conditions in the plant packed around the moving parts 
and actually preventing their operation. 
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Table 11.3: Electrical Equipment Wsnmes, Causes. and Effects 
Source: Reference 1 ......... Cau• Effect on Systems Equipment --

Loose Connections Heat build up Collapse of electrical conductors 
Erosion of and rixtures due to their own 
conductor part weight 

Phase to phase fault 
Improper Contact Arcing fault Protective devices fail to 

condition operate 

Oust and dirt Lack of equip- Improper functioning c;f pro-
ment protec- tective relays 
tion to physi-
cal environ- F aibre to work of other de-
ment vices 

Build-up of Flashover 
dirt in an 
electrical 
equipment 

If accumulated Prevents proper dissipation of 
on electrical heat 
devices, be· 
comes a good Speeds up deterioration of in-
heat insulator suiation 

Provides a path for leakage 
currents and cause flashover 

Dust and Moisture Hindrance of Failure to open all three 
movement of phases of the t.reaker at the 
breaker mechanisms same time 

Provide leak· Cause short circuit 

age paths 

Deterioration in A1 .~i ng between Cracking of some oil in the 

oil contact surfaces contact area turning to gas 
and sludge, lowering the di-
electric quality of the insu-
fating medium 

Varying load 
condition:. and 
changes in at-
mospheric tem · 
perature and 
fJressure 
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Cont. (Table 11.3) 

When oil is Time current tripping of the 

uw.1 as dash- switch is completely upset 

pot in cireuit 
breakers, con-

tamination by 
impurities en-
tering the 
shaft and 
plunger 

Improper settings Arbitrarily Failure to respond to different 

increasing the amounts of faults currents 

rating of 
fuses and mot-
ded cricuit 
breakers 

Changing the Inadequate or improper protec-

setting on tion 

protective re-
lays and low 

. voltage power 
circuit brea-
kers 

(2) Tighten Connections. Connections should be tightened with appropriate tools to pre· 

vent chatter and unnecessary movement. 

Loose connections could create extra heat and cause a false operation of the 

thermal element of the relay. 

(3) Inspect Heater Size. Determine that the specified heater is being used in the relay. 
Heaters' cross section becomes smaller when oxid:zed over a period of time. 

Heat required to operate the relay is provided with a smaller amount of current 
caus:ng unnecessary tripping of the motor. 

(4) Electrical Tnt. The motor overload heater and relay should be subiet.-ted to a cur· 
rent three or four times its rating and the tripping time measured. 

Compare this time with the relay manufacturer's curves or specifications to make 
certain that the relav is operating properly. 

Underwriters' Laboratories specifications indicate that the relay should ultimately 
trip in an ambient temperature of 40°C within 8 minutes at 200 percent of its rated 
current and within 30 seoonds at 600 percent of its rated current. 

167 



(b, PreventiY• M.-.....c. Ptoeldum on Fu• 

It is recommended that fuses be inspected at 1 year intervals except where experience 
indicates that shorter intervals are required. The required frequency of in~pection varies bet
ween industries and with varying local conditions. 

The following ~teps are recommended: 

(1, Checl the fuse ratings to be sure that the required rating is installed. All fuses at any 
one point in a circuit should have similar characteristics. If renewable fuses are used, 
the renewal links should be checked to be sure that the correct size and number are 
installed. Check link cormections to be sure they are tight. 

(2) look for evidence of overheating. Replace fuses that have discolored or weakened 
casings. Determine and correct the cause of any overheating. Check fuse clips to 
assure good contact. Where the ferrules or knife blades of cartridge fuses are oxidized 
or corroded, they should be cleaned and polished. Silver plated contact surfaces 
should not be abraded. 

(3) Look for installations where the fuse has been bridged with a solid conductor. The cor· 
rect size of fuse should be in!talled and the necessary action to pre"Jent the bridging 
should be taken 

(4) Check wiring terminais to assure that all connections are tight. Where there is evi· 
dence of heating, the connecting surfaces should be cleaned and polished. Silver plated 
surfaces should not be abraded. Aluminum connections that show deterioration 
should be replaced. 

(5) Check enclosurP.s to assure that fuses are protected and that readiiy ignitable materials 
are excluded. Ensure that covers are in place and fastened. In hazardous locations. 
assure that fuses are installed in appropriate explosionproof enclosures. 

--

Table 11.4 shows the maintenance requirements of fuse components. 

Table 11.4: Mainte1W1ce Guides for Fuses 
Sour~"C: Refcrcni:c :! 

Component Procedure 

1. Ferrule Make sure that the ferrule is tight in 

the fuse clip. 

2. Connectors Tighten circuit connections to fuse 
block. 

3. Fuse Assembly Keep the entire assembly fuse block and 
fu!.e clean so that the heat generated 
by current flow through the fuse link 
may be properly dissipated. --

4. Spare Fuses Make sure that th~ spare fuses of the 
proper types and sizes are available. 
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(c) Prenntive M•ntenMM:ll Procedures for Enclosed Switches. 

It i!' recommended that these be inspected at 1 year intervals except where experience 
indicates that shorter intervals are required. The required frequency of inspection will vary 
between industries and with varying local conditions. The following steps are recommen· 
ded: 

(1) Thoroughly clean all parts and lubricate the operating mechanism where required. 

(2} Checked the contacts for alignment and adjustment. Clean and dress the contact 
surfaces where required. If contact clips have lost their tenlloion. they should be 
replaced. 

(3) Check connections of blades to the insulating connecting bar to be sure they zre tight. 
Check to be sure that the external operating mechanism is attached to the insulating 
connecting bar. Check that the spring for snap action is operating correctly. Where 
there are damaged parts they should be replaced or a new switch should be installed. 

(4) Check terminals to assure that all connections are tight. When there is evidence of 
heating. the connecting surfaces should be cleaned and polished. Silver plated sur· 
faces should not be abraded. Aluminum connections that show deterioration should 
be replaced. 

(5) Check enclosure to assure that they are clean and that the switch is protected and that 
readily ignitable materials are excluded. Check that covers are in place and fastened. 
In hazardous locations ensure that switches are installed in appropriate explosionproof 
enclosures. 

(d) Preventive M•intenance Procedures for Molded-case Circuit 6reaken: 

(1) Ciean. External cleaning is necessary so that the heat can be dissipated properly. 
Do not break any seal. 

(2) Tighten. Electrical connections should be tightened so that hec.t is not introduced 
to the thermal overload element. 

(3) Test. Test the magnetic thermal and mechanical elements of the breakers. 

Test the mechanical movement of conta~s and mechanical linkages by manual operation 
and actuation. 

Pass an electric current throu9l the overload sensi~ element of a sufficient magnitude to 
actuate mechanisms current value to be equivalent to 300 percent of the breaker rating. 

Measure the trippirg time and then compare with specified values or a..rves. 

It is recommended that a visual inspection be made at 1 year intervals except where expe· 
rience indicates that shorter intervals are required. The required frequency of inspection varie~ 
between industries and with varying local conditions. For circuit breakers rated above 50 amperes 
it is recommended that a routine test be made at 2 year intervals unless the annual inspection 
indicates that more frequent tests be made. Since most molded case circuit breakers are 
factory calibrated and sealed. this seal should not be broken. 

169 



For visual inspection It annuel intervlls. the following stepS are recommended: 

CU Exanine for evidence of damage or owrhMting and. if found. replace the device 
involved and correct the source of damage. 

(2) Examine the terminals to be sure that all connections are ti!ttt. Where there is evi· 
dence of hNting the connecting surfaces should be deaned and polished. Silver 
plated surfaced should not be abraded. Aluminum parts that show deterioration 
should be replaced. 

(3) When installed in ericlosures be sure that enclosures are clean and provide the neces· 
sary protection. 0.eck that covers •e in pl1Ce and fastened. In hazardous locations 
be Sllre that circuit breaken are installed in appropriate explosionproof enclosures. 

The procedure for the routine test at 2 year intervals are those listed above for w 1 year 
inspection plus the following: 

(1 ) With the circuit breaker completely disconnected measure the insulation resistance 
between phases and between phase and ground with a megger. Also measure that 
resistance between the line and load terminals of each pole with the circuit breaker 
open. If the resistance values are below 1 megohm, the circuit breaker should be 
considered unsafe and should be returned to the manufacturer for repair. 

(2) With the circuit breaker completely disconnected make a de millivolt drop test from 
the line to load terminals of each pole. The manufacturer can supply the acceptable 
voltage ranges for the milliwlt drop tests. 

(3) With an ammeter in the circuit, apply an overload of approximately 300 perr.ent of 
the circuit breaker rating to each pole to assure that the circuit breaker will trip auto· 
matically. Should the circuit breaker fail to trip it should be returned to the manu· 
facturer for repair. 

(4) With an ammeter in the circuit. apply a current of approximately 200 percent of the 
instantan30us magnetic trip pickup wlue to assure that the instantaneous trip device is 
operating 

(5) Mechanical operation should be checked by moving the operating handle to the on and 
off position several times. 

(e} Minimum Prnentiwe Maintenance Proadure for low Voltage Power Circuit Bre•ers 

Low voltage power circuit bre41kers normally contain two separate elements: 

(1) Set of contacts with requireo mechanical linkage for its operation as switch 

(2) Overload Sflnsing device 

The mechanical r "visual inspection of overhaul of this type of breaker are shown in Table 
11.5. 
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Table 11.5 : Maiatemnre Guides for Low Voltage Power Circuit Brmers 
Source: Reference 2 

Dew ice/Component Maintenmce Procedure 

Entire breaker CLEAN the entirt breaker and all overload 
overload trips trips. 

Primary bus con- EXAMINE the primary fingers on the bus 
tractors and the copper or spring for 

discoloration or other evidence 
of overheating. 

I 
----

REMOVE the arc chutes. Look for aacks, 
EXAMINE missing or broken snuffers, splashed 

I 
AND CLEAN copper. dirt, and moisture. I 

I - -
Racking mechanism LUBRICATE the racking-in mechanisms and the 
and the mechanical mechanical linkage which is used to 
linkages open and close the breaker. Make 

sure that none of this lubricant 
gets on the electrical contacts. 

Armature of the DETERMINE that the armature of the overload 
overload devices device wil I strike the trip bar on 
and trip bar the breaker with sufficient force to 

open the breaker. 

Connec1.lllns TIGHTEN all bolted and screwed connections 

Trip devices EXAMINE the trip devices to make sure that 
they are all the same type and that 
the settings are approximately the 
same. 

The whole breaker TEST the electrical operation of the 
breaker. 
The time delay trip is tested by 
subjecting the breaker to 2-1 /2 to 3 
times the time delay setting. 
Measure tripping time and compare to 
specified value. Determine minimum 
current requirf9d for instantaneous 
trip. 
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A visual inspection at 1 yw intervals is recommended unless it is inc. icated by experience 

that Shorter intervals are desirable. The required frequency of inspections will VlrY between 
industries and with vsying load conditions. A complete inspection is recommended It 2 year 
intervals. 

For the amual inspection the following steps are recommended: 

(1) Examine for damage or evidence of overheating and if found, replace or repair the 
pens involved and determine and correct the source of the damage. 

(2) Examine the terminals and be sure that all connections are tight . Where there is 
evidence of heating. the connecting wrfaces should be cleaned and polished. Silver 
plated surfaces should not be abraded. Aluminum connections that show deterio
ration should be replaced. 

(3) Examine the enclosure to be sure that it is clean and that the necessary degree of 
protection is provided. 

For the 2 year inspection. the following additional steps are recommended following the 
manufacturer's instructions: 

(1) Thoroughly clean all parts. 

(2) Check th2 contact alignment and pressure. Adjust if required to the manufacturer's 
recommendations. 

(3) Check the settings of the direct acting trip devices and check their operation& by 
moving 'the armatures by hand to trip the circuit breaker. (Exercise care to avoid 
iniury). 

(4) Where circuit breakc:-s are electrically operated check the reliability of the control 
power source. 

(5) Examine latches and tri3rs for proper adjustment and to make sure that they are 
in accordance with manufacturer's recommendations. 

(6) If there are flexible shunts, see that they are in good condition and that their con· 
nections are tight. 

(7) Check pins, bo1.1, nuts, and other hardware and tighten if required. 

(8) Examine auxiliary switches to auure that contacts are in good condition and that 
operating links are correctly adjusted. 

(9) 0.eck control wiring for loose connections. 

(10) Remove arc chutes and examine for burning. Remove any deposiu 

It is recommended that the calibration of the direct acting trip devices be tested at 5 yur 

interv.1ls al'ld adjusted if required. These tests should be made only by personnel experienced 
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in this work and who have the necessary equipment and training in its use. Arrangem~ts may be 
made with testing :aboratories equipped for this type of testing. In very large facilities, the neces
sar1 trained personnel and th£ test equipment may be justified as a part of the plant maintenance 
organization. 

(f) Preventive M•intenance Procedures for Oil Circuit Bre*en. 

After every short circuit interruption, the contacts should be examined and oils should be 
tested. It is recommended that 2 complete inspection be made at 2 year intervals. Where ope
ration of the circuit breaker is frequent, insp.~ions at more frequent intervals should be made. 
The following steps are recommended: 

(1) Test the oil. If the oil breaks down below 22 kV in a standard tester, it should be 
filtered or replaced. Usually. arrangements for filtering oil may be made with the 
circuit breaker manufacturer or with the supplying utility. 

(2) Thoroughly clean all parts and lubricate parts where required. 

(3) Oieck contact aligrvnent and adjust if required. 

(4) If contacts show evidence of roughness, dres!. with sandpaper or a fine file. 

(5) Examine lift rods to be sure they are not warped or cracked. 

(6) Examine latches and triggers and ensure that they are in accordance with manufac
turer's recommended adjustment. 

(7) If flexible shunts are used, be sure they are in good condition. 

(8) Examine main current carrying parts for evidence of heating. 

(9) Oieck pins, bolts, nuts, and other hardware. Tighten where necessary. 

(10) Examine auxiliary switches to assure that contacts are in good condition and that ope· 
rating links are correctly adjusted. 

(11) Examine control and secondary wiring for loose connections. 

(12) Oieck adequacy and reliability of control power source. 

(13) Lubricate bearings, gears etc. in accordance with manufacturer's instructions. 

11.3.2 PrewentiYI M8in....._ Proadurn for Trllllformers 

In modern plants, the f~ilities •pect of preventive maintenance includes a large variety 
of transformers. 

Because of the nature of a transformer, the primary concern of a preventive maintenance 
program is to maintain the life and condition of insulation on the windings. This means thatltll the 
conditions that could contribute tc insulation failure musf be guarded against and a means of 
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periodically testing for detrimental conditions be set up. In transformers the temperature sur
rounding th'1 windings is one of the most important concerns. There are basicaily two type of 
tranformers: 

(a) Dry Transformers 

(1) Fan forced 
(2) Natural circulation 

(b) Liquid filled 

( 1 ) Self cooled 
(2) Mechanical system 

It is evidenced by the very basic transformer classification that the emphasis is on cooling of 
the transformer. The first requirement i! one of setting up regular schedules and of keeping all 
portions of the transformer cle&n and the effectiveness of the cooling system in top condition. 

The dry type transformer requires less maintenance than do liquid filled types. The pre
ventive maintenance of transformers of this type will include the following: 

(a) A method of daily recording the ambient temperature surrounding the transformer instal
lation. 

(b) A method of daily checking the peak load to which the transformer is being subjected. 

(c) A method of determining the proper operation of supporting or auxiliary cooling apparatus 
such as fans. 

(d) A periodic schedule of testing the value of insulation resistance. 

(el A regular shcedule of cleaning. This includes the windings casings and all ventilating air 
passages. 

(f) A regular schedule of tightening connections, bolts and other fastenings. 

Liquid-filled transformers require the same general maintenance as dry types with the ad
ded maintenance of the liquid cooling system. The liquid cooling systems vary considerably in 
the arrangement of the heat dissipating equipment. The type of arrangment and the coolant 
must be determined and in general include the following: 

(a) Regular checking for leakage and the level of the coolant. 

(b) Periodic filtering and tests for acidity and interfacial te.1sion of oil. This would include the 
addition of an inhibitor to the oil to slow oxidation and deterioration. 

(c) Regular schedules of checking the nitrogen or gas seals on conservator types. 

(d) Regular schedule of filtef maintenance on types including natural circulation filters. 

The manufacturer's instruction manual should be used as a guide in setting up regular 
and/or periodic pre\dntive maintenance procedures. 
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Tables 11.6 and 11.7 a refer to maintenance procedures applied to transformers and other 

transformer-related equipment. A specific guide of maintenance procedure includP.s inspection. 
wast.ing. cleaning. testing. sampling oil. filtering oil. acidity neutralization. transformer. drying. 
vacuum filling of oil. etc. The manufacturer's manual should be conwlted where specific data 
on a particular transformer can be availed of. 

11.3.3 Preventive MmntlMncl Proci8dures for Moton 

Emphasis for the prog-am has been in the direction of developing yardsticks while equip· 
ment is in operation to determine its operating condition. In general what has been indicated 
is that if the motor application is proper and if the insulation and bearings are in good order. 
the motor will operate successfully for a long period of time. Table 11 B contains same good 
maintenance practices in electric motor maintenance. 

While the motor is in operation: 

(a) Visual examination 
(bl Audible examination 
(c) Ammeter reading 
(d) Temperature readings 
9e) Voltmeter reading 
(fl Check and add to lubricant 
(9) PM (check for past comparison) 

Table 11.6 Maintenance Guide for All Transfonners 
Source: Referena: 1 

Item Check for: Frequency/Comments 

Liquid level gauge Proper level Every shift 

Ambient, liquids and .. Recommended temperature Every shitt 
winding temperature 
indicators 

Switchboard Load Every shift 
instruments 

Voltage Excessive values (indi· Every shift 
cation of improper top 
connection l 

Relays Proper function Quarterly 

Overvoltage Proper function Semi·annualy 
Protective equipment 

Ground connections Good condition Sem i·annually 
ground resistance Low value 
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Table 11.?a Maintenance Guides for Open-Type Power Transformers 
Source: Reference 1 

Item Check for: Frequency/Comments 

Weather proof ventilators Free passage of air Remove obstructions 
( Quarterly) 

Oil Dielectric voltage of Filter oil if die:ectric 
25kV test drops to 20 kV 

(Quarterly) 

Under main cover, man- Moisture caused by: Semi-annually 
hole cover, and bushing 1 . leaky gaskets 
supports 2. cracked or damaged 

bushings 
3. restricted breathing 

Above the core Oil sludge deposits and Drain oil to the 
evidence of moisture top of core to fa-

-:!itate injection 
, __ .mnually) 

Entire unit Small sludge deposits 
I 

Raise interior and 

(due to high operating ''lash with oil. 
temperature 

i 
.. lean tank. 
Filter oil if 
possible (every 5 
years) 

Fans Proper operation Every shift 
Proper lubrication Annually 

Core and coils Dust and corrosion Quarterly 
(Horizontal surfaces) 

Temperature alarm Proper operation Quarterly 
(trip annually) 

Contact surfaces Cleanliness When charging taps 
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Table I l.7b Mainte!WM'e Guides for~ lnnsformen 
Source: Refaence 1 

ltlm Owdtb: F.....-.cy/ComlMllll 

Relief diaphragm Evidence of cracks Replace crackec! 
diaphqgms 
(Quarterly) 

Gas absorbers I Dump of caked compund Replace compound 
(Quarterly) 

Pyranol Lower than 25 kV di· Use fi:ter press 
electric (every 6· 12 months) 

Tanks and connec· Leaks Pressure-test for 

tions 12 hours at 34.5 k Pa; 
use soap suds 
t:> pinpoint leaks 
(every 6·12 months) 

Under main cover. Condensation every 5 years 
manhole lower and 
bushing supports 

Entire unit Proper condition Every 1 to 10 years 
(interval parts) 

Table I 1.7c Maintenance Guides for Gas-Seal, Gas-Oil Seal, and Sealtd Tnalfonnen 
Source: Referen<ie 1 

Item Check for: Fnqumcy/Conirn•1t1 

Gas-pressure relief Damage Replace 
diaphragm Every shift 

Pressure-vacuum Leaks (indicated by Every shift 
gauge failure of pressure to 

change with temperature 

Insulating liquid Moisture Every 8 to 12 mos. 

Oil level (in idle Correctness Every 6 to 12 mos. 
spare transformers) 

Above core Moisture, parts dis· Ewrv 7 to 10 years 
placement 
Deposits Every 5 1ears 

~-

Entire unit ..... Prnsure·test 
(Annually) 
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Table l l.7d Maintenance Guides for Gas-Seal Equipmer1t 
Source: Reference l 

Item Check for: Frequency/Comments 

Gas-pressure Proper value Every shift 

Oxygen conten• Oxygen in excess of 5% During first month 
and evary 6 month 
thereafter 

Gas cylinder Amount of contents Monthly 
(Allow time for pur· 
dlase of replacement 

Pressure relief Proper operation Trip and observe 
valve action 
Minim001-pressure (Quarterly) 
alarm circuit 

Gas regulator Proper settings Quarterly 

Table I l.7e Maintenance Guides for Air-Pressure Cooled Tnnsfonners 
Source: Reference l 

Item Check for: I 
Frequency/Comments 

Oil Too high temperatt•re, Every shift 
;ndicating the need to 
operate fans 

Fans and control Proper operation Monthly 

Table I l.7f Maintenance Guidrs for Water.Cooled Tnnsfonnen 
Source: Reference l 

..... Check for: Frequency/Comments 

Cooling water Abnormal iric:reasing and Weekly 
outgoing temperature 

Cooling coil Leaks Inspection interval 
varies; it depends 
on age, corrosive· 
ness of water, ope· 
rating experier.ce, 
etc. 

Water prnsure and Gradual decrease indi· Semi-annually 
flow eating clogging 
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Table 11.7g Maintenance Guides for F~ Tnnsfonners 
Source: Reference I 

Item Check for: Frequmcy/Col!WMl'lts 

Pump glands Proper condition and Every shift 
oil level 

I Incoming and out· Abnormal values indica- Weekly 
going oil tempera- ting inefficient opera-

ture tion 

Cooler screens Fouling or clogging Weekly 

Oil strainer Too large oil pressure Weekly 
drop through strainer 
indicating clogging 

Table I I .7h Maintenance Guides for Air-Blast Transfonners (Indoor) 
Sourn:: Rd<'rc:m.~ I 

Item CIMCk for: F~/Comments 

Air temper.iture Too high value Hourly 

I 
All air passage, Dirt, fouling, etc. Monthlv 
filters, etc. 

Table 11.8 Good Maintenance Practices for Electric Moton 
Source: Reference 4 

Keep motor off line when not needed SaVP.S unnece$sary wear of brushes, commutator 
and bearings, saves lubrication 

Do not leave field circuit unless Oieck temperature of shunt fields with ther· 
motor ha;; been especially designed mometer to see that it does not exceed oo0 c 
for :his type of duty When field must be excited, caution mainte· 

nance men to be sure field circuit is opened 
before working on the motor. On AC check 

I stator windings 

Keep motor clear of metal dust or Magnetic mraction will draw metal parts into 
cuttings that can be drawn into win- the air gap and damage windings. Cast-iron 
diov- and J<Ole pieces dust particularly damaging 

Rfllassembhng of motor Be sure to retain proper air gal>$ in motor by 

checking bore of pole faces before rl!n1oving 
poles from the frame. Mark shims and poles. 
Reassemble. r11placing poles and liners in 
original pasition on DC motors 

Note wearing parts and parts fre· Carry in proper storeroom stock of replace· 
quently replac-.d to determine anti· ment parts. Mike survey of standard repair 
cipated repairs parts to avoid duplication of perts to be carried 
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Tllble 11 !J Electric Motor Relubrication Guide 
Source: Reference 4 

M:llarhmt11•W 

SerWm 
114-10 154) 50-150 2002iO 

Easy infrecp!nt aper ... 7 ye;rs Syas 3 years 2 years 
tiQn. valve operators. 
door openers, portable 
tools 

Standard: one or two 5 years 3 years 1 year 9 months 
shifts. machine tools-
airoonditioning conve-
yors, oompressor ref-
rigeration. laundry, 
textile macinery. 
woodworking, water 
pumping, generally 
di.» B insulation 

Severe: continUQUs 3 years 1 1/4 years 6 months 4 months 
running. Fans, pumps. 
motors generator sets, 
coal and mining machi-
nery, steel mills, 
some Class F insula-
t1on 

Very severe: rlirty a'ld 9 months 4 months 3 months 2 mont~·s 
vibratillg applications 
hot pumps anti fans, 
hilt! ambient Clau 11 
insulation 

0..250 

9 months 

6 months 

I 

3 months 

I 
I 

1 112 months 

I 
*Some manufacturers recor'lmend ltJnger periods 1nd some recommend short.r per:ods, based 
on open and shielded be.-ings with IP'•• reservo!rs ldiac:enf to barings. 
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Table 11. lOa Monthly Maintenance Guiles for Electronic Motors 
Soura:: Refeaenc:e 4 

J Components Inspection or mai .... •a ape1ation 
1 

' 
BEARINGS Make sure that grease or oil is not leaking out of the bearing j 

housing. If any leakage is present. correct the condition I 

~ 
before continuing to operate I 

Ball and roller Listen to a few bearings on a sampling basis. Bearings that 
' 

get progressively noisier will need replacement at next shut· 
down 

Sleeve O.eck the oil level. Check the cil color through the slight • 
gauge. Slightly cloudy oil is all right. Black oil is a 
danger sign ' I 

I 

I 

BRUSHES Check the brush length. Replace when rivet or clip will rub .. 
commutator before next inspection. Inspect for worn or 
shiny brush clips. frayed or loose pigtails. and clipped or 
broken brushes. However. many DC brushes have no clips. 

Pigtails are tamped. There is danger that the pigtail of a I 

worn-out brushed will cut the commutator. Such brushes 
have a wear marker on the pigtail. When it gets beiow the ~ 

top of the box the brush sh'luld be discarded. Remove I a few brushes to check the brush-commutator contact face . 
in the case of DC motors and the brush-collector contact 
face in the case of AC motors and generators. Burned areas 
indicate commutation or sliding contact troubles. 

Warning: High voltage. Electronic shock and rotating 
parts can cause serious or fatal injury. A"10id contact 
with live electronic parts and moving mecta.nical parts. 
(It is well to note that silicon-controlled rectifier drives 
may have high voltages at the brushes nen with armature 

~ stationary. Lines switches should be open.) 

COMMUTATORS O.eck the commutator f..,r roughness by carefully feeling the 
brushes with a fiber stick. Also occasional wiping is recom· 
mended usinq a piece of coar:e or nonlinting cloth. .Jumping 
brushes give ildvance warning that a commutator is going 
rough . Observe the commuutor for signs of threading. 
If threading is getting worse·take action. Healed over threa· 
ding is acceptable. Check for excessive commutator wear 
rate, streaking, copper drag, pitch bar marking and heavy 
slot bar marking. Commutator sho~ld haw not more than 
0.0025 in total indicator runout or 0.0002 bar·to-bar steps. 
For high-speed commutators surflh:ing should meet 0.0010. 
and 0.0001 limits respectively. 

··-
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Table 11.IOb Semi-annual Maintenuce Guides for Electric Motors 
Source: Referencie 4 

Components 

BEARINGS 
Ball and roller 

Sieeve 

COMMUTATORS 

INSULATION 

MECHANICAL 
Bolts 

Shaft 

Ventilation 
Vibration 

I 

' 

SemHrl ..... 
Inspection or maint9rwte1 oper•tions 

Listen to all bP.arings. Pull back bearing cap to inspect 
grease condition on a few representative machines 

Take samples of oil from representative bearings for acidity 
(neutralization number) test. See manufacturer's sleeve-bea
ring relubrication recommendations. (Oil acidity is affected 
most by atmospheric contaminants and temperature; take 
one sample in each different area.) Change oil if required. 

Oleck risers for cracks. If there are cracks, check end of 
shaft keyway and shaft fan. (Cracks here mean extreme 
torsional vibration in system.) 

Measure 1-and 10-min insulation resistance and calculate the 
polarization index. Compare with records. Wipe deposits 
from brush-holder stud insulation and commutator creepage 
path or collector creepage path. Remove deposits from 
around field-coil connections on DC machines where ground
ing might occur. Blow deposits out of the commutator 

rise area or the collector area with clean dry air. Blow out 
any blocked ventilation openings 'n windings. Make visual 
inspec:ion for signs of overheating (dry. cracked, "roasted· 
out" insulation and varnish) 

Check all electrical connections for tightness. Look for t-
signs of poor connection (arcing. discoloration, heat). 
Adjurt inspection period to suit experience. ln:pect founda
tion for signs of cracking, displaced foot shims, check foot 
bolts for tightness. Oleck frame split bolts, brush holders, 
brush holder stubs, bracke: t.Jlts, etc., on sampling basis. 
check corners all coupling bolts. 

01eck corners of exposed end of shaft keyway for cracks (due 
to extreme torsional vibration). If there are cracks, check 
fan commutator risers and DC machines and the fan and 
character cf the ap?lied load 011 AC machines 

Check for clogged screens, louve1 ::, filters. etc. 
O:'!Ck for exceasive vibration (m.?re than .005 to .0075 mm 
that will indicue change in balance or alignment. If actual 

I operation cannot be seen, check for other signs of vibration 

L J (loose parts, chafing, shiny s~ts. 1ust deposits) 

------ ·-----·-.J 
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COLLECTORS 

MECHANICAL 
Air filters 

Bolts 

Noise and vibration 

. 

Cont. (Table 11.IOb) 

Oieck the collector for roL1#tness. dust. and wear. Ordinar:ly 
the rings will require only occasional wiping using a piece 
of coarse or nonlinting cloth. If the brushes are bounci'lg 
up and down on a cycle basis. check for collector-ring con
centricity 

Replace when necessary. Clogged filters Cal!se overheating and 
lead to premature insulation failure 

Perform visual observation for loose bolts. loose parts. or 
loose electrical connections 

Oieck for any un~sual noise. vibration. or change from 
previous observations. loose pole bolts often are the soure;e 
of magnetic noise when motors are fed from rectifiers 

Table 11.lOc Annual Maintenance Guide for Electric Mot<>rs 
Scurce: Reference 4 

BEARINGS 

Sleeve bearings 

Drain housing. Remove top half of hou::ing. lift top half of 
bearing. Inspect bearing surface 2nd rings for v:ear. If 
excessive wear or sludge is found in bottom of housing roll 
out the bottom half of bearing for inspection. Clean if 
nacessary and refill. 

Table 11.11 General Troubleshooting Chart for Electric Rotating Equipment 
Source: Reference 4 

Trouble Cau• Action 
. 

Hot bearings-general Ber.t or sprung shaft Straighten or replace shaft 

Excessive belt pull Decrease belt tension 

Pulley too far away Move pulley closer to bearing 

Pulley diameter too small Use larger pulleys 

Misalignment Correct by realignm1mt of drive 

Hot bP.arings-sleeve Oil grooving in bearing Remove Nackat or pedestal with bea· 
obstructed by dirt ring and clean oil grooves and bea· 

ring housing, renew oil 

Bent or damaged oil rings Repair or replace oil rings 

Oil too heavy Use a recommended lighter oil 

Oil too light Use a 1 ecommendeci heavier oil 
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Hot bearings-ball 

Oil leakar,. from 
overflO\ ,Jlugs 

Trouble 

1. Fails to start 

Cont. (Table 11.11) 

Insufficient oil Fill reservoir to proper level in 
overflow plug with motor at rest 

Too much end thrust RedUCI! thrust induced by drive .1 

machine or supply external ~ans 
to carry thrust 

Badly worn bearing Replace bearing 

Insufficient grease Maintain proper quantity of grease 
in bearing 

Deterioration of grease Remove old grease; wash bearings 
or lubricant contami- I thoroughly in kerosene and replace 
nated with new grease 

Excess lubricant Reduce quantity of grease. Bearing 
should not be more than half filled 

Heat from hot motor or Protect bearing by reducing motor 
external source temperature 

Overloaded bearing Check alignment, side thrust, and 
end thrust 

Broken ball or rough Replace bearing; first clean 
races ho!Jsing thorou{t.ly 

Stem of overflow plug Remove; recement threads, replace 
not tighc and tighten 

Cracked or broken over-
flow plug 

Plug cover not tight Requires cork gasket, or if screw 
type, may be tightened 

Table 11.12 Troubleshootin& GuiOe for Electric Moton 
Source: Reference 4 

C,,.,se Action 

Circuit not comple~e Check if switch open, leads broken 

- Rrushes not down on Check if brush springs 1.!ed to be replaced 
commutator or if brushes are worn out. ·-

Brushes stuck in Remove and sand; clean up brush boxes 
holders 

Armature locked by Remove brackets and replace bearings 
frozen bearings in t:1r recondition old beari'9 if ins-
motor or main drive pection makes possible 

Power may be off Check line connections to starter wi!h 
ligh~. Check contacts in starter. 

Motor may be overloa· Reduce load. 
ded 
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Cont. (fable J 1.12) 

One phase open See that no phase is open. 

Poor stator-coil con· Remove end bells. locate with test 
nection lamps. and repair. 

2. Motor stalls Wrong application Change type or size of motor. C.:>nsult 
manufacturer of driven equipment 

Overloaded voltaae Reduce load 
Low motor voltage See that nameplate voltage is main· 

tained within standard tolerances 
Open circuit Fuses blown. check overload relay. 

starter. and push button 
Incorrect control re- Check control sequence. Replace broken 
sistance of wound resistors. Repair open circuits 
rotor. 

3. Motor starts. Reverse polarity of Check generating unit for cause of 
then stops and generator that sup· changing polarity 
reverses direction plies power 
of rotation 

Shunt and series Reconnect either the shunt or series 
fields are bucking field so as to correct the pola1 ity. 
each other Then connect armature leads for de· 

sired direction of rotation. The fields 
can be tried separately to determine 
the direction of rotation individually and 
connected so both give same rotation 

4. Motor runs and Power failure Check for loose connections to line, to 
then dies down fuses and to control 

I 5. Wrong rotation Wrong sequence of I Reverse connections of motor or at 
phases switchboard 

6. Motor does not Overload Check bearing t<' see if in first-class 
come up to rated condition with correct lubrication. 
speed Check driven load for excessive toad of 

friction 

Starting resistance Check starter to see if mechanically 
not all out and electr"-:ally in correct condition 

Voltage low Measure voltage with meter and check 
with motor nameplate 

Short circuit in ar· For shorted armature inspect commutator 
mature windings l'lr for blackened bars and burned adjacent 
between bars bars. Inspect windings for burned 

coil:; or wedges 
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Cont. (Table 11.12) 

Starting heavy load Check full field relay and possibilities 
with very weak field of full field setting of the field 

rheostat 

Motor off neutral Check for factory setting of brush rig· 
ging or test motor for true neutral 
setting 

Motor cold Increase load on motor so as to in· 
crease its temperature. or add field 
rheostat to set speed 

·-
Not applied properly Consult supplier for proper type and 

size 
Voltage too low at Use higher voltage on transformer ter· 
:notor terminals be- m1nals or reduce load. 
cause of line drop 

If wound rotor. im- Correct secondary control 
proper control ope-
ration of secondary 
resistance 

Starting load too Check load motor is supposed to carry 
high at start 

Low pull-in torque of Change rotor starting resistance or 
synchronous motor change rotor design. Consult manufac-

turer ·-
Check that all brush· Check secondary connections. leave no ! 

es are riding on leads poorly connected I 
ring 

Broken rotor bars L- lo• cracks near the rings. A ~ 
rotor may be required, as repairs are 
usually temporary 

Open primary circuit Locate fault with testing device and 
repair 

' 7. Motor takes too High WK2 Excess Reduce load. Check moment of inertia 
long to accelerate loading with equipment manufacturer 

Poor circuit Check for high resistance 
Defective squirrel- Replace with new rotor 
cage rotor 

Applie'f voltage too Get powpr company to increase voltage 
low tap 

8. Motor runs too Voltage above rated Correct voltage or get recommended 
fast change in air pap from manufacturer 

Load too light Increase load or install tixed resis· 

tance in armature circuit 

-
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9. Motor gaining 
speed steadily and 
increasing load 
does not slow it 
down 

10. Motor runs too 
slow continuously 

11. Un.,alanced line 

I current on polyphase 

I 
motors during 
normal operation 

Cont. (Table 11.12) 

Shunt f'ield coil Install new cod 
shorted -

Shunt f'ield coil re- Reconnect coil leads in reverse 
versed 

Series coil reversed Reconnect coil leads in reverse 
Series field coil Install new or reraired coil 

sho:'ted 
Neutral sett:ng !hit- Reset by checking factory setting mark 
ted off neutral I or testing for neutral 

Part of shunt field I Measure voltage across field and check 
rheostat or unneces- with nameplate rating 
sary resistance in 
field circuit 

Motor ventilation Hot fields is high in resistance. check 
restricted. causing causes for hot field. in order to res-
hot shunt field tor normal shunt field current. Res-

tor ventilation 

Unstable speed load Inspect motor to SK if off neutral. 
regulation Oieck series fi!~ld to determine shor· 

ted turns If series field has a 
shunt around the series circuit. that 
can be removed 

Reverse field coil I Test with compass and reconnect coil 
shunt or series 

Too strong a commuta· Check with factory for recommended 
ting pole or commu- change in toils or air gap 

tating pole air gap 
too small 

Voltage below rated Measure voltage and try to correct to 
value on motor nameplate 

Overload Check bearings of motors and the drive 
to see if in first-class condition. 
Check for excessive friction in drive --Motor operated cold Motor may run 20 percent slow owing to 
light load. Install smaller motor, 
increase load, or install partial 
covers to increase heating 

Neutral setting shif· Check for a factory setting of brush rig-
ted ging or test for true neutral setting 

Armature has shorted Remove arm3ture to repair shoo and put 
coils or commutator in first-class condition 
bars 

Unequal terminal Check leads and connections 
volts 
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Cont. (Table 11.12) 

Single-phase opera· Oeck for open contacts 
ti on 

Poorrotorcontacts Oieck control devices 
to control wound· 
rotor resistance 

Brushes not in proper See that brushes are properly seated 
position in wound and shunts in good cc.ndition 
rotor 

12. Motor overheats or Overloaded and Jraws Reduce load by reducing speed or 
runs hot 25 to 50 percent gearing in the drive or loading in the 

more current than drive 
rated 

Mote may have one Oleck tr make 5ure that all leads are 
phase open well connected 

Grounded coil Locate and re!)ai:-

Unbalanced terminal Oleck for faulty leads. connections. 
voltage and tr<?11sformers 

Shorted stator coil Repair and then check -.vattmeter reading 
(form coils) 

-
Faulty connection Indicated by hi~ resistance 

High voltage. low Cleek terminals of motor with voltmeter 
voltage 

Rotor rubs stator If not poor machining, replace worn 
bore bearings (sleeve bearings) 

Voltage above rated Moto• '""' d"'" abow ••ted speed ,.~ 
quiring excessive horsepower. AP.d~ce 

voltage to nameplatP. rating 

Inadequately ventila· Location of motor should be changed, or 
ted restricted surroundings removed. 

Cavers used for protection are too 
restricting of ventilating air and 
should be modified or removed. Open 
motors cannot be totally encloled for 
continuous operation. Oleck air 
shields for clogging. Check suitabi· 
lity of blower!O in use. 

I 
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I 

13. Hot armature 

14. Hot 
commutator 

Cont. (Table 11.12) 

Draws excessive cur
rent owing to shor
ted coil 

Grounds in armature 
such as two grounds 
which constitute a 
short 

Armature rubs pole 
faces owing to off
center rotor causing 
friction and exces
sive current 

Core hot in one spot, 
indicating shorted 
punchings and high 
iron loss 

Punchings uninsulated 
Punchings have been 
turned or band 
grooves machined in 
the core, Machined 
slots 

Brush tension too 
high 

Repair armature coils or install new 
coil 

Locate grounds and repair or rewind 
with new set of coils 

0.eck brackets or pedestals to center 
rotor. and determine condition of bea
ring wear for bearing replacement. 

0.eck pole bolts 

Sometimes full slot metal wedges have 
been used for balancing. These should 
be remcved and other means of balan
cing be investigated 

No·load running of motor will indicate 
hot core and drawing high no-load ar
mature current. Replace core and re· 
wind armature. If necessary to add 
band grooves , grind into core. How-
ever. treated glass roving properly 
varnished and properly processed is 
the more common method of banding win
dings in the small and medium sizes. 
Check temperature on core with thermo· 
meter not to exceed 90°C 

Limit pressure to 34.5 kPa. Check brush 
density and limit to density recommen
ded by the brush manufacturer 

t-----------+------·--·-- ---------
High brush friction Remove cause 

caused by atmosphere 
contaminants 

Brushes off neutral 

Brush grade too abra· 
sive 

Shorted bars 
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Cont. (T1ble 11.11) 

Hot core and coils Oieck temperature of commutator with 
thlt trrnsmit heat thermometer to see thlt total tempera-
to commutator ture does not exceed ambient plus 

55°C rise, total not to exceed 106°C 
Class F and H will be hotter 

Inadequate ventila- Check as for hot moto· 
tion 

15. Hot fields Voltage too high Oieck with meter and thermometer and 
correct voltage to nameplate value 

Shorted turns or Repair, or replace with new coi: 
grounded turns 

Resist3nce of each Oteck each individual coil for equal 
coil not the same resistance within 10 percent, and if 

one coil is too low. replace coil 

lnadequata ventila· Oteck as for hot motor 

ti on 

Coil not large enough New coils should replace all coils if 
to r a<!:ate its lost room is available in motor 
wattage 

16. Motor vibrates and Armature out of Remove and statically balance, or ba-
indicates unbalance balance lance in dynamic balancing machine 

Misalignment Realign. Alignment of flexible coup· 
lings generally must be closer than 
coupling manufacturer recommends 

Loose or eccentric Tighten pulley on shaft or correct 
pulley eccentric; pulley 

Belt or chain whip Adjust belt tension 

Mismating of gear and Recut, realign. or repair parts 
pinion 

Unbalance in coupling Rebalance coupling 

Bent shaft Replace or strai"'ten shaft 

Foundation inadequate Stiffen mounting place members 

Motor loosely mounted Ttghten holding-down bolts 
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Cont. (Table 11.12) 

Motor feet uneven Add shims ur.der foot pads to mount 
each foot tight 

17. Motor vibrates Motor misaligned Realign 
after corrections 
have been made 

Weak foundations Strengther. base 

Coupling out of Balancing coupling 
balance 

Driven equipment un· Balance driven equipment 
balanced 

Defective ball bea- Replace beari~ 
ring 

Bearings not in line Line up properly 
-

Balancing weights Rebalance rotor. Securely fasten ba-

shifted lancing means 

Wound rotor coils Rebalance rotor 
replaced 

Polyphase motor run· Oieck for open circuit in one lire or 
ning single-phase phase 

Excessive end play Adjust bearing ~~ add washer 
-

18. Motor sparks at Brush setting not Oieck and set on ~actory setting or 
brushes or does true neutral test for true neutral 
not commutate well 

Commutator rough Grind and roll edge of each bar 

Commutator eccentric Turn and grind commutator -
Mica high-hot under· Undercut mica 

cut -
Commutating pole 0.edc with manufacturer for correct 

strength too great, dlange in air gap or new coils for the 
causing overcempen· commutating coils 
sation, or too weak, 
indiClting undercom· 

I 
pensation 

-
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Coat. (Tmble 11.ll) 

Sho.'ted commutating Repair coils or install new coils 
pole turns 

Shorted armature Repair armature by putting into first-
coils on commutator class condition 
bars 

0pen<ircuited coils Same as above 

Poor soldered connec- Resolder with proper alloy of tin sol-
tion to commutator der. Current motors used mostly TIG 
bars welded 

High bar or loose bar Inspect commutator nut or bolts and re-
in commutator at tighten and grind commutator face 
high speeds 

Brush grade wrong See brushes 
type. Brush pressure 
too light, current 
density excessive, 
brushes stuck in 
holders. Brush shunts 
loose 

Brus."'les chatter owing Resurface commutator face and check for 
to dirty film on change in brushe~ 
commutator 

Vibration Eliminate cause of vibration by check-
ing mounting and balance of rotor 

19. Brush wear exces· Brushes too soft Blow dust from motor and replace brush· 
sive es with a changed grade as recommended 

by manufacturer 

Commutator rough Grind commutator face 
-· 

Abrasive dust in ven- Reface brushes and correct conctition by 
tilating air protecting .notor 

Off-neutral setting Recheck facto<y neuual test fo< t<ue 1 
neutral 

~ 

Bad commutation See co"ections fo< com'llutafon ~ 
High, low, or loose Retighten commutator motor bolts and 
bar resurface commutator i 

-
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Cont. (Table 11.12) 

I Excessive brush ten- Ad!ust spring pressure not to exceed 
sion 13Bto 172 KPa 

Electrical wear due Resurface brush faces and commutator 
to loss of film on face 
commutator face 

Threading and groov- Same as above 
ing 

Oil or grease from Correct oil condition and surface brush 
atmosphere on faces and commutator 
bearing 

Weak acid and mois- Protect motor by changing ventilating 
ture laden atmos- air. or change to endosed motor 
phere 

20. Motor noisy Brush singing Cleek brush angle and commutator coa-
ting: resurface commutator 

Brush chatter Resurface commutator and brush face 

Motor loosely mounted Tighten foundation bolts 

Foundation hollow and Coat underside with soundproofing 
acts as sounding material 

I 
board 

Strained frame Shim motor feet for equal mounting 

Armature punching Raplace core on armature 
loose 

Armature r-Jbs pol~ Recenter by replacing bearings or relo· 
faces eating brackets or pedestals 

21. Scraping noise Fan rubbing air Remove interference 

shield 

Fan striking insula· Clear fan 
tion 

Loose on bcdplate Tighten holding bolts 

22. Magnetic noise Air pp not uniform Otec:k and correct bred<et fits or 
bearing 

Loose besinga Corrtct or renew 
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Cont. (Table 11.12) 

Rotor unbalance Rebalance 

Magnetic hum Refer to manufacturer 

Belt slap or pounding Oteck condition of belt and ct-.ange l>elt 
tension 

Excessive current May not CMiSe overheating • but chedc I 

load m.rtfc.rcomct.,,,ofshoned ~ 
groundedlcoils 

Mechanical vibration Oteck chart for causes of vibration 

I Noisy bearings Oteck ali9'1ment. loading of bearing. 
lubrica:ion. and get recommendation of 
manufacturer 

Magnetic noise Tighten pole bolts. Moton supplied 
with power from an SCR source will ge-
nerally have more noise caused by SCR 
ripple in armature current usually 120 
180. and 300 Hz with harmonics 

-
23. Motor dirty Ventilation blocked. Oean motor will run 10 or 30°C 

end windings filled cooler. Dust may be cement, saw-dust. 
with fine dust or rock dust. grain dust. coal dust. and 
lint the like. Dismantle entire motor and 

clean all windings and parts. 
-

Rotor winding clogged Oeao. grind and undercut commutator. 

I or :lean and polis.1 collector. Clean 
and treat windings with good insula-
ting varnish 

Bearing and brackets Dusts and wash with cleaning solvent 
coated inside 

24. Motor wet Subject to dripping Wipe motor and dry by circulating hea-
ted air through motor. Install drip or 
canopy type covers over motor for pro· 
tection 

Drenched condition Motors should be covered to retain heat 
and the rotor position st.if1ed 
frequently 

' Submerged in flood Dismantle and clean parts. Bake 
waters windings in over at 105°C for 24 hr 

or until resistance to ground is 
sufficient. First milke sure commuta· 
tor brushing is drained of water and 
completely dry 
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Trouble 

Tlble 11.13 Troableslaootiag Gtoide for IBd1ICtion Moton 
Source: Refaenc:e S 

C•- Action 

1. Motor will not Overload CX>ntrol trip Wait for overload to cool. Try 
stwt stating again. If motor still dues 

nOll start. check all the causes as 
outlined below 

I Faulty (open) fuses Test fuses 

Low voltage Oleck motor-nameplate values with power 
supply. Also check voltage at motor 
terminals with motor under load to be 
sure wire size is adequate 

Wrong control connec· OleCk connections with control wiring 
tions diagram 

Loose terminal-lead Ti9tten connections 
connection 

Driveo machine locked Disconnect motor from load. If motor 

starts satisfacto<ily. check dri-~ 
machine 

Open circuit in sta· Oleck for open circuits 
tor or rotor windi r;g 

Short circuit in sta· Oleck for shorted coil 
tor winding 

Winding grouw.ied Test for grounded winding I -
Bearings stiff Free bearing or replace 

Grease too stiff I Use special lubricant for special 

I conditions 

Overload Reduce load 

2. Motor noisy Motor running single· Stop motor. then try to st11rt. It will 
phase not start on single phase. Cho for 

.. open" in one of the lines or circuits 

·----·-
Electrical load unba· Oleck current balance 

lanced 
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Cont. (Table 11.13) 

J 

' 
Shaft bumping •~.... I Oiedt aligfWnent. and condit..., of belt. 

bearing mo'!crs) On pedestal-mounted bearing. check 
cord play and axial centering of rotor - . 

Air gap not uniform Center the rotor and if necessary 

I 
replace bearirtgS 

I 
I Re; .or rubbing on Center the rotor and rei:lace bearing if I 

stator necessary 

Cooplifl!J loose Insert feelers at four p;aces in coup-
ling joint before pulling up bolts to 
check alignment. Tighten coupling 
bolts securely 

3. At higher than Electrical load un- Oleck for voltage unbalance or single 
normal temperature balance (fuse blown. 

j 
phasing. Check for .. open .. in one of 

or smoking faulty control. etc.) the line or circuits 

Incorrect voltage and Oleck motor-nameplate values with power 
frequency supply. Also check voltage at motor 

termina!s with motor under full load 

Motor stalled ty dri· Remove power from mott."lr. ·.:tteck 
ven machine or by machine for cause of stalling 
tight bearings 

Stator winding shor· 

I 
Cut out coil or rewind 

ted 
I 

Stator winding groun- Test and locate ground 

ded 

Rotor winding with Tighten, if possible, or replace with 
loose connections another rotor 

Belt too tight Remove excessive pressure' on be•"ings 

Motor used for rapid Replace with motor desVled for this 
rtwrsing service service 
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Table 11 .14 Troubleshooting Guide for Wound-Rotor Mot<JrS 
S.:>uroe: Reference 5 

Trouble Cau• Action 

Rotor runs at low Wire to control too Use iarger cable to control 

speed with external small I 
I 

resistance cut out I 

I 

Control too far from I Bring c..;ntrol nearer motor 

motor 

' i Open circuit in rotor i Test by ringing out circuit and repair 
circuit (including i 
cable to mntrol) 

Brushes sparking Adiust commutation 

Dirt between brush Oean rings and insulation assembly 
and rings 

Brushes stuck in hol- Use right size brush 
de rs 

lncorrec! brush ten· Check brush tension and correct 
sion 

Rough colle(.tor rin(lS File, sand. and polish 

Eccentric rings I Turn in lathe or use portable tool to 
true up rings, without disassembling 
motor 

-
Excessive vibration Balance motor 

Current density of Reduce load (if brushes have been rep· 
brushes too high I laced, mr.e ""e lhey are of the same j 
(t.verload) Jf ade ••originally furnished) 

eek shaft for straightness 
- . 

While tht: motor is shut down: 

(a) Condition of insulation 
(b) Cleaning 
(c) Visual .This includes commutators, bn;shes. slip rings, and other motor parts; clea

rances on bearings and air gaps should be me;,suree. 
(di Repacking and bearing inspection 
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Table I I .IS Troubleshooting Guide f" Synchronous Motors 
Source: Reference l 

Trouble Cause - ~ 1. Motor will not Faulty connection Inspect for ope;. or poor connection 
start 

Open circuit one Test, locate, and repair 

! phase 

I 
I Short circuit one Open and repair 

r.hase 

Voltage falls too low Aed•Jce t'1€ impedance of the external 
circuit 

-
Friction high Make s•m? bearings c.re properly lut't'"i-

cated. Check bearing tightness. Check 
belt tension. Check load friction. 
Check alignment. 

Field excited Be sure field-applying ccmtactor is 

I open and field-discharge contactor is 
closed through discharge ~esista;ice 

I 
I 

Load too great Remove part of load 

Automatic field relay Check power supply to solenoid. Check 
no! working contactor tip. Check connections 

Wrong direction of Reverse any two main leads 
rotation 

2. Fails to pull into 
I 

No field excitation Check circuit connections. Be sure 
step field applying contactor is operating. 

Check for open circuit in field or 
exciter. Check exciter o:.rtput. Check 

ueostat. Set rheostat to g;,,. <ated 
eld current when field is applied. 

Check contacts of switches 

Lubrication is one of the most important aspects of maintenance in electric motors. Table 
11.9 shows some recommended relubrication intervals based on motor horsepower and type of 
st:rvice. Tables 11.10a to 11.10c are scheduled maintenan~ guides for electric motors. Tables 
11.11 to 11.15 contain troubleshooting guides for specific motor types. 

11.3.4 Gener1I Maintenance Pr?Cedure of Motor Bearings 

Most ~<tring tro1Jbles are caused by sufficient or no lubrication, poor lubricant, dirty 
lubricant, failure of oil rings to revolve, clogged oil grooves or improper grade or waste in the 
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waste-packed types of bearing. ~very eff Jrt should be made to ensure obtaining the proper 
grade and type of lubricant. The temperature in the space llmounding the motor should also 
be considered when selecting the lubricant. It is useless. for example. to obtain a class H motor 
for use in a high-temperature condition and then have it fail from a lubricant that would not 
perform at that temperature. 

Periodically. the lubriccin-i. should be replaced in bearings whether it be a sleeve bearing 
that is oil lubricated or a roller bearing that is packed :or a prolonged period o! operation. 

The maintenance procedure should be divided into two basic considerations: 

(a) Periodic schedules of those maintenance tasks perfo:med while the equipment is in 
operation. 

(b) Maintenance tasks for which the equipment must be shut down. 

A maintenance timetable for electric motors is in Table 11.8. For a further discussion of 
bearing maintenance, refer to Appendix V. Guides to fault diagnosis of electric motors are in 
Tabies 11.9 to 11.12. Tables 11.10, 11.11and11.12 are guides to troubleshooting of induction 
motor~. wound-rotor motors and synchronous motors, respectively. 

11.3.5 Motor Control Equipment 

It is recommended that motor controllers be inspected and cleaned at 6 month intervals. 
Where motors are started and stopped frequently it may be necessary to clean and inspect at 
shorter intervals. The frequency of inspection will depend upon the rate of motor starts and on 
local environment. It is recommended that a complete inspection be made annually. 

At the 6 month inspection the following steps are recommended: 

(a) Thoroughly clean all parts. Tighten all connections and lubricate bearings as requi~ed. 
(b) Examine the arcing tips and if rough, dress them with sandpaper or with a fine file. 
(c) Examine terminals to be sure that all connections are tight. Where there is evidence of hea

ting, the connecting surfaces should be cleaned and polished. Silver plate c;urfaces should 
not ht.: abraded. Aluminum connections that show deterioration should be replaced. 

(d) For oil-immersed equipment, check the level and condition of the oil. Add or replace 
oil where required. 

(e) Examine the enclosure to IJe sure that the necessary degree of protection is provided. 

Check that enclosJre covers are in place and fastened. When ir.stalled in hazardous loca
trons. be sure that controHers are mounted in appropriate explosionproof enclosures. 

11.3.6 Relays 

It is recornmended that the calibration and time current characteristics of re:ays ~ tested at 
2 year intervals. These tests should be made only by personnel experienced in this work and who 
have the necessary equipment and training in its use. Usually, arrangements for making relay 
tests may be made with the relay manufacturers, at supp•ying utilities, or with testing labor:i
tories equipped for this tvpe of testing. 

11.3.7 Switchboards 

It is recommended that switchboards be inspected and cleaned on annual intervals unless 
experience indicates that more frequent inspections are required. The required frequency of 
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inspection will vary between industries and with different environment. The following steps are 
recommended: 

(a~ Be sure that all ~ircuits in the swithboard are deenergized and that there is no chance of a 
circuit's being er.;?rgized while the inspection is under way. 

(b) Inspect the busses 3nd connertions and be sure that all connec"ions are tight. Examine 
for abnormal conditions that indioite overheating or weakened insulation. 

(c) Remove dust and dirt accumulations from bus supports and enclosure surfaces. A vacuum 
cleaner with a long nozzle will be found useful in this cleaning operation. wipe all bus 
supports clean with a cloth moistened in a cleaning solution. (refer to the manufactu
rer's instructions). Do not use abrasive material· for cleaning plated surface. 

(d) The switchboard devices should be maintained in accordance with instructions supplied 
for each device. 

(e) Secondary and control wiring connections should be checked to ensure that they are tight. 

11.3.8 Li91ting 

Facilities lighting systems constitute a major portion of maintenance expenditures depending 
upon the variety and types of fixtures and lamps supplied. The maintenance activity in conjunc
tion with lighting is primarily geared toward maintaining the original designed quality and intensi· 
ty of the light. Dust and dirt acted upon by the natural convection of air due to the heat of the 
lamps themselves. It is therefore necessary to have a program of periodically removing the accu
mulations. Lamp burnouts and , eplacement have created controversies as to how the burnouts 
should be replaced, either as they c.ccur or on a group·•·P.olacement schedule based on life expec· 
tancy of the lamps. There are circumstances that do not warrar.t group replacement and other 
circumstances that demand such a pr~ram from the cost consideration. 

Requirements used for circulating design criteria include the reflective capacities of walls 
and ceilings as part of the calculation. Any darkening of these surfaces must be regarded when 
maintaining light intensity. The lumen output of the lamps diminishes as they age. Hence, de· 
pending upon the critical requirements of a specific area, the age of the lamp must be considered. 

Spot repl~ement of lamps is based on periodic inspections with burnouts replaced on daily 

or weekly schedules. It is evident that if the plan is earned out formally. periods in which there 
will be a number of burnouts present must be tolerated. In general spot relamping is costly 
from a labor standpoint. Mixing of new and old lamps is defrimental to appearance. 

Group relamping is the systematic replacing of lamps based on a percentage of life expect· 
ancy. Group relamping re$ult in more unifon'I'\ and hig[ier lighting instensities between schedules 
tt:1n with spot lamp replacement. There are a variety of methods of determin;ng how often to 
group relamp. Of these it is preferable depending upon the facility to schedul,a the relamping 
on minimum acceptable light meter readings. The light meter readings should be taken at night 
so as •o prev.ent outside daylight from affecting the reading. A standard for acceptable foot· 
candle readings should be established and periodic readings taken u1 til a diminishing reading 
dictates a relamping. Fixtures should also be scheduled for washing and cleaning in conjunction 
with relamping schedules. Experience indicates that fixtures will re<;uire cleaning more frequent:· 
ly than the relamping schedule. It is pr"ctical to schedule washing on a vcarly basis with relamping 
on a 2 year schedule if the light meter readings obtained by such practice are acceptable. 

Another melhod of scheduling group relamping consists on counting the percentage of lamp 
failures for a given percentage of lamps and scheduling replacements based on the life cycle of the 
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failed lamps. Statistics indicate that at approximately 80 percent of life expectancy 20 percent 
of failures are encountered. Relamping would replace all lamps and 20 J:ercent of the best lamps 
removed would be retained for replacement purposes. When the replacements have been totally 
used up, another relamping should be scheduled. Group relamping depending upon individual 
situations can offer savings of approximately 25 to 30 percent over spot relamping procedures. 
Scheduling of relamping and washing should be tied in with the scheduling of other preventive 
maintenance activities. 
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Preventive Maintenance of Pumps and Compressors 

12.1 INTRODUCTION 

E•ectric power generated for iriJustry is mostly consumed by compressors and pumps. 

A large number of industrial equipment, machines and systems use compressors and compressed 
air, while pumps are employed in distribution systems. The minimum amount of energy is con
sumed when the device is running at its peak condition and efficiency. To keep it in this con

C:ition will require a thorol..gh preventive maintenance program. 

Maintenance functions designed to keep pumps and compressors in their best condition 

or to ;estore them to this level are discussed in this chapter. The proper care and service of pumps 
and compressors will save on unneeded expenses. prolong equipment life and conserve energy. 

122 DIAGNOSTICS 

122.1 Pumps 

(al Bearing Lubrication 

A 1egular ball-bearing grease with the following properties can provide lubrication for 

ball bearings: 

(1) clean and neutral; 

(2) neutral mineral soap base with no fillers or impurities; 

(3) good film strength with a consistency of No. 1 to No. 2; 

(4) chemically stable but does not Ol<idize in service or in storage; 

(5) oil totally miscible in the soap base; 

(6) operating temperature of 40°C to 93.3°C; and 

(7) low internal friction; good adhesion; water resistant. 

"fhe intervals between lubrication changes will depend on the type of grease used; 
the type and size of the bearing and housing; the operating speed; and other service con· 
ditions. There ~r& no rules as to when grease should be renewed because the grease loses its 
lubrication property gradually. A rough guide would be to renew grease after 3 months 
for severe servica. and after 1 year for normal service. The exact length of the intervals 

can be determined throui;ll experience. 
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The bearing housing shoutd be kept ~lean and only clean grease should be used. Over
lubrication can cause bearing overheating. When this happens. a detailed inspection is 
necessary before regreasing. 

The higher quality automotive and airiraft engine oil !.hould be used for oil-lubri
cated ball bearings. Mineral oil of SAE 30 will be satisfactory for most purposes. 

Oil-lubricated bearing housings or oil pumps are equipped with oil gauges to monitor 
the oil level. Addition of oil is required when the level falls below the indicated lower level. 

The level of the oil in the housing should not exceed the center of the lowest bearing ball 
when the bearing is stationary. 

The fr~uency of oil changes will depend on the operating conditions. For operating 
temperatures of 49 to 60 °C. an interval of one year is normal v.hile for higher temperatures 

replacements every 2 to 3 months may be necessary. 

Before applying the new oil. drain the housing and flush the bearing with low-vis
cosity oil. 

(b) Packings 

Packings used for the pumping of clear cold water are of long-fiber asbestos, square
braided and well impregnated with graphite and oil. For other fluids the manufacturer 
should be consulted in the selection of special packings. 

The packing needs replacement before it gets hard enough to abrade the shaft. It 
pays to fully repack the pump instead of replacing one or two rings at a time. Remove 
the water seal cage to replace packing at the bottom of the stuffing box. The number 
of rings in the cage should be noted to be able to reinstall the rings in the proper order. 
When leakage cannot be controlled without excessive tightenin~ of the glands, the shaft 
sleeves may have to be replaced. 

(c) Mecahnical Seals 

Mechanical seals provide absolute control of leakage. Lubrication of the seal faces 
with oil or grease is the only requirement, the pumped liquid itself providing lubrication. 

The pump manufacturer's instructions in replacing seals should be followed They 
should be installed in their correct position; improper setting may cause too much load 
to be e:...erted on the seal faces. leading to rapid wear. Insufficient loading will make the seal 
ineffective, and leaking will result. When properly installed, seals require almost no service, 
with life of 2 to 3 months for severe service. and 2 years when handling clean fluids. 

(d) Protective equipment 

In the absence of a supply of clean cold water to protect seal faces, packings and shaft 
sleeves • and abrasive separator can be fitted to the discaharge ~idP. of a pump to remove 
dirt and abrasives from the fluid. 

The cl8'1r fluid is then forced into the gland housing to prevent abrasive from getting 
to the seal faces or packing· ring seal area, 
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An automatic shutdown device can be used to protect machanical seals, impellers, 
rings and other pump cnmponents from damage which can result from dry running The 
switches are connected to the process fluid passage and stop operation or give off a signal 

when there is a pressure drop. 

CentrifuP pumps 

The alignment of the driving unit and the pump is critical for efficient performance. 
For direct driven pumps this is usually taken care of during the installation of the unit. 
When the drive is transmitted through a V-belt drive, the belts should be in perfect align
ment; misaligrwnent will shorten the belt life. Belts should have the proper tension to 
prevent slip between the belt and pulley. 

An increase in the wearing ring clearance will result in a decrease in the pump head 
and capacity. Monthly inspection is required when handling liquids which contain abrasive 
particles while an annual check is enough for pumping clean water. The rings should be 
replaced if the clearance is twice its original dimension or if there is a marked loss in head 
and capacity. 

Screw pumps 

Screw pumps are precision machines and extra care must be taken during servicing. 
lhe alignment of the male and female rotors should not be accidentally altered. The me
chanical seals and the faces of the seals should always be maintained in good condition. 

Improperly packed or tightened glands can lead to a host of pump problems. An 

overtightened gland will uuse the following: 

o Pump seizure 
o Excessive gland/seal wear 
o Excessive power absorbed 
o Pump and/or motors overheating 

An undertightened gland will result in product leakage, noisy operation, irregular 
discharge and a loss in capacity. Inadequate gland flushing can cause product leakage and 

excessive gland or seal wear. 

Check pipes for alignment. To maintain the alignment, provide expansion fittings or 
support the pipework. The rotorcase can be strained by expansion or misalignment of the 

pipework. 

Replace worn pumping elements to check capacity loss. 

Relief valve leakage can lead to overheating of the pump, under-capacity or total 
absence of discharge. This leak39e can be due to a wrong pressure setting or worn valve 
elemenu. The check valve will not set properly if the spring compression is poor. The valve 
should lift at about 10% above the duty pressure. 

Pump diagnosis will benefit from on-stream pressure measurements at the 'nlet and 

outlet parts. 
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Steam pumps require maintenance of gaskets and packings, inspection for mechanical 
wear and routine lubrication. At the steam end of the valve chest. check for rounding of 
the ends of the slide valve and .. shouldering .. or rounding of the valve chest face. 

Excessive wear can cause irregular pump operation. piston short· or over-stroking, 
excessive noise and low discharge pressure. A faulty valve will also result in noisy operation. 

Check valve adjustment with the piston at mid-stroke. Incorrect timing can result 
in short piston strokes. 

At the liquid end. examine the valvt!S for wear and pitting. 

lnspet.t the piston. piston rod and cylinder liner for wear due to corrosion and pit· 
ting. 

Rot.sy Pumps 

Aside from the proper care of seals, rotary pump maintenance also requires inspection 
for wear. corrosion and material defects. Check individual parts for wear. and clearances for 
allowable tolerances. Maintaining the recommended clearances and proper timing is necessary 
for efficient operation. 

For vane pumps, check the vanes and casing for wear. Usually excessiw. wear will 
be manifested in noisy pump operatior.s or absence of discharge. 

Cleek the setting of the relief valve; a high setting will result in excP.SSive pressure and 
noise while o; low setting will reduce the pump capacity. 

12.2.2 Comprenors 

(a) Air DelitlfJf"( and Discharge 

Inlet lines may be needed to deliver a steady supply of clean. cool. dry air to the com· 
pressor unit. The filter is then positioned along the line where it may be easily checked from 
time to time. Metal inlet lines must be kept clean given an internal coating of water-and oil· 
proof sealer to counteract the formation of seal .... Tht!Se steps should be taken to provide a 
clean supply of air and to minimize the burden on the air filter .. The line must be checked 
for airtightness to prevent the entry of contaminanu at the µipe. air filter and compressor 
connections. 

The ;tir filter s :reens out dirt which might get into the compressor and damage the 
rotors or bearings. The dry type air filter with renewable eCement is highly favored because 
of iU ease of maintenance and high ability to screen out minut1t particles· above 10 microns 
in size. The manufllCturer should be consulted in the selection of a filter for air laden with 
flour dust and cement times (less than 10 microns). fly ash (about 1 micron) and tobacco 
smoke (about 0.1 micron). 

The interval between servicing, ranging from twice per shift to once a week. should 
be established after considering the servic-.e conditions and the qullity of the air. A decrease 
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in the compressor capacity or an excessively high motor current indicate a nee0 to service 
the air filter. During servicing. the unit should be handled with care to prevent damage to 
the gas:cets. canister or cup. 0.eck the element for small breaks and see if it ic; properly 
inst.llled in the canister. The presence of dirt on the discharge tube may mean breaks in 
the element, improper seating or worn gaskets. Too heavy dirt accumulation in the filter 
and too frequent servicing will require the installation of a centrifugal precleaner before the 
air filter or the transfer of the intake port to a cleaner environment. 

Service indicators provide a cheap and accurate means of signalling the need for service 
of the air tilter element. The indicator is a standard equipment on high capacity units and 
comes as an option for smaller compressors. The element needs servicing when the pressurP. 
differential across the element is 508 mm water column. Usually a marker becom~ visible 
on the stem of the indicator when the pressure differential reaches this level. After servicing 
th'? marker can be reset manually to its original pooition. The service indicator will not 
function if there are leaks in the gaskets or breaks in the air filter element; a pressure dif· 
ferential will not exist. 

(b) Lubrtcatioo 

The manufacturer's recommendation on oil change intervals should be followed 
strictly. The recommendation is made only after the evaluation and testing of several 
lubricants. However. the time between changes will depeud on the air quality. the main
tenance of the air and oil-filter. the ability of the cooling system to control the oil tempe· 

rature, the service conditions of the compressor and the oil quality. There may be a need for 
more frequent oil changes with intense humidity. high operating temperatures and dusty air. 

An accurate way of determining the optimum oil change interval is to have the oil 
suppliP.r analyze the oil drained at particular intervals, such as after 250. 500, 1000, and 
1500 houts of operation, and so on. After getting the optimum interval, maintain the ope
rating conditionsatapproximatP.lythesame level.a change in operation will mean a change in 
o;l-change intervals. 

Synthetic lubricants which claim less frequent chang£s are available on the market. 
Before swit•.hing to one. check i! the synthetic f!uid can meet the requirements of the ori 
ginal lubricant. To be on the safe side, consult the compressor manufacturer. Some synthe· 
tics may not be compatible with the gasket material on air line connections. 

(c) Oil Coolers 

Water-and air-cooled oil coolers are availcrble for the cooling of the compressor system 
lubricant to maintain the optimum operating temperatures. The cooling efficiency of water· 
cooled oil coolers can be hindered by poor water quality. The ·use of unaccep!able water 
will result ir. fouling, erosion, corrosion and eventually tube failure. The water can be tested 
for suitability and the appropriate treatment made: mechanical, chemical, or both. The 
preventive maintenance program should include regular inspection and service of the oil 
cooler tubes. The maintenance technicians should be alert for deterioration of the water 
quality which will be manifested as a change in the discharge water or t1,;be condition. 

The water flow control valve must be included in the n1aintenan.ce checklist. Ins· 
pect the valve stem for corrosion or deposiu. Remove any foreign material or oil on the 
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stem. Use the tingers or gentle wrench tightening to secure the packing nut. do not over· 
tighten. Be careful not to bend or scratch the valve stem or bend or kink the capillary tu
bing connecting the valve head to the thermal element. The following can cause valve fail
ure: overtightened packing nut. bent or corroded valve stem. clogged valve. faulty capillary 
system. A strainer at the water inlet line will safeguard the valve against foerign materials. 

The accumulation of condensate in the oil :.ystem wi!I minimize the lubricating pro
perties of the oil and hinder control. To prevent moisture. maintain the oil system tempe
rature above the pressure dew point of the system air. 

(d I Bearing and Seals 

The condition of these components is crucial to the operation of the compressor. 
particularly the screw compressor. Each rotor of the screw compressor is supported and 
mainta•ned at close c!earances by antifriction bearings. Abrasives in the lubricant and the 
effects of low viscosity oil subject the bearing to wear. Maintenance of the air- • oil- anlj 
cooling system will do a lot to prevent this. Excessive bearing wear will cause the rotors 
to move out of their com~ct position and may cause damage to the compressor. 

The shaft oil seal is also adversely affected by abrasives. low-viscosity and high tempe
rature lubricants. Minimal seepage is normal in all mechanical seals but excessive leakage 
is a signal that there are problems other than 01l·seal wear. 

12.3 PREVENTIVE MAINTENANCE PROCEDURES 

Most pump and compressor breakdowns are due to seal and beering failure. The common 
source of proces~ pump damage is seal faill•re. The present trend of very high rotational speeds 
increases the chances for damage of bearings and seals. Proper lubrication of these elements will 
minimize breakdowns and extend the life of the equipment. Maintenance of the C'ooling system 
will protect these parts from the effects of low v!scosity lubrication. 

The demand for high efficiency performance has made the use of smaller running clearances 
between elements imperative. Rotors. impellers or casings suffer from abrasive particles suspended 
in the medium being pumped or compressed. To minimize this danger. the use and maintena11ce 
cf filter (air, and oil filters. sirainers, etc.) is essential. Excessive wear on the pump or compressor 
elements will reduce the performance of the machine. 

The integriry of the system is also dependent on the condition of the accessories and fittings 
attached to the pump or compressor. Clogged leaking or collapsed lines will cause difficulties 
tn priming and faulty operation. 

The maintenance of instrumentation which monitor temperature. pressure. etc. at key loca· 
tions of the equipment is a must. These gauges serve as guides to correct performance, facili· 
tate supervision and protect the operator by warning of impending failurt.?. Maintenance requires 
regular inspection ar.d perionic calibration against gauges of known accuracies. 

12.3.1 Pumps 

The maintenance requirements of a pump will depend on the type of pump and the kind 
of service it perform~. This section will deal on the genera! guidelines for the maintenance of 
pumps. Usually the pump manufacturer will provide a maintenance manual with the pump. Any 
recommendation in this manual should be given priority for specific items. 
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Centrifugal pumps require routine checks arld- maintenance at intervals specified by the 
pump builder. 

Usually the preventive maintenance schedul~ is d~ into monthly. three-monthly. six
monthly .00 annual checks. but the meawres to be performed during these periods depend on 
the length and intensity of serivce. The maintenance program thei-efore shoutd take into consi
deration the service conditions rather than just folfow the routine specified in the maintenance 
manual. 

Manufacturers recommend the frequef!CV of bearing lubricant changes and specify the lub
ricant to be used. This frequency. however. may change depending in the bearing type. service 
conditions Ind various parameters. The monthly check of pump bearing temperature can be 
done weekly. with severe service. or if other factors dictate it. Likewise. the inspection of packings 
and seals. usually done twice a year to check for the possible replacement. may have to be per
formed more often or less frequently depending on the desi71 of the pump. the pump installa
tion and service conditiON. 

Generally the pump is disassembfed annually to check for worn or damaged parts. and tc. 
replace these parts and other parts specified for replacement by the pump manufacturer. As 
already mentioned. this will vary according to the number of hours of operation and the kind 
of service. More frequent inspections oi this kind may be necessary at longer intervals will save 
an downtime. replacement parts and maintenallQ? service. 

Table 11.I Pump Maintnancc Tmetable 

FNqUMICY Action 

Monthly Check the following items: 
1. Priming 
2. Speed 
3. Noise 
4. Seal Leakage 
5. Gatket leaks 

Refer to motor or engine service manual 
for the maintenance cf the dri\'ing unit. 

Remove impeiler and do the following 
Every Six Months 1. Clean the casing and recirculation device 

2. Remove seal grease and relubricate 
3. Check clearances. replace if wear is excessive 

4. Check the shaft seal. pad:ing and 
shaft sleeve for wear and replace if necessary. 

Every Twelve Months Dismantle the pump and inspect and 
clean component parts 

Source: Reference 7 
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Table 122 List conman problems encountered with centrifugal purr.ps and offers some solutions. 

Table 122 Fnlt DilpoRsfc.-Calbif .... pmn .. 

Condition ....... c.u. Remedy 

1. Pump does not a. Drive belt slip a. Check and .t;ust 
tum 

b. Q>upling fault h. Qeck if slipping or 
broken; replace if 
necessary 

c. Sheared shaft. gears c. Oleck; replace if 
or keys necessary 

2. Pump does not a. Inlet dogged or ... Check 
prime restricted 

b. Air leaks on suction b. Oieck line(s) and seals 
side for leaks; replace if 

necessary 

c. Liquid drained from c. Fit foot valve 
system 

d. Worn pump impeller d. Inspect; try increasing 
pump speed or fitting 
foot valve 

3. No discharge a. Excessive suction a. Check pump inlet for 
lift obstruction 

Check suction head 

b. Excessive discharge b. Cleek if valves are optn 
head check piping for obstrution 

Oleck total head 

c. Speed too low c. Compare pump speed with 
manufacturer's recommen-
dations 

d. Pump clogged d. Oleck impeller for clog-
ging 

e. Wrong direction of e. 0.eck direction 
rotation 

f. Vapor lock f. Bleed suction pipe to 
clear aiF lock 
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Cont. (Table 122) . 

\ Condition Possible C.U• Remedy 

g. Relief valve adjust- g. Cleek setting. check fQr 
ment dirt on valve seat 

i. Oleck setting. check for 
dirt on valve seat 

h. Air leak h. Cleek seals and line(s) 
for leaks 

4. Low deliwry a. Air leaks a. Cleek suction piping 
gaske~ and pump for leaks 

b. Vapor lock b. Varity if liquid in sue-
line is not flashing 
by chf:Cking NPSH and fluid 
temperature 

c. Relief valve incor- c. Cleek and adjust 
rectly set. or stuck 

d. Worn impeller, wear d. Inspect; replace if 
rings necessary 

e. Wrong direction of e. Cleek direction 
rotation 

f. Constriction in f. Cleek if foot valve size 
suction line is correct 

Cleek strainer for 
obstruction 

g. High fluid viscosity g. Compare fluid viscosity 
with anticipated perfor-
ma nee 

h. Exces.~ive fluid h. Reduce speed and/or deli· 
temperature very; decrease suction 

head 

i. Speed too low i. Compare with manufacturer's 
specification 

5. Over-heating a. Packings overheat a. Cleek packings for fit 
andti~tnm 

Cleek packing lubrication or 
cooling flow, whichever 
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Cont. (Table 12.2) 

Condition Possible Cause Remedy 

applies 
Compare packing with 
manufacturer's specification 

h. Be2rings d. Oleck oil level and 
lubricant condition 
Compare lubricant used 
with manufacturer's 
recommendation 
Oleck alignment and ti~t· 
ness 
O.eck oil seals 
Cleek if operating speed 
is not exce!;sive 

c. Fluid too viscous c. Adjust by heating. etc. 

d. Excessive pressure d. Reduce pump spEed 

use larger delivery lines 

6. Vibration and a. Cavitation a. Cleek pump operating 

noise conditions 

b. Excessive fluid b. O.eck product suitability 

viscosity 

I c. Trapped air c. Check for air leaks 

I I d. High vapor pressure d. Check product/pump com· 

fluid patibility 

e. Improper pump e. Check and correct 
assembly 

' 
f, Unbalanced impeller f. Check impeller for damage 

or clogging 

I g. ,.'.salignment g. Check alignment 
I 

h. Mounting h. Check rigidity 

i. Damaged shaft on i. Check; if necessary 

bearings replace 

j. Pump wear j. Disassemble and check 

k. Noisy relief valve k. Adjust. repair or replace 
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Cont. (Table 12.2) 

Condition Possible Cac• Rernedy 

7. Excessive wear a. Misalignment a. See above 

b. Out of balance b. See above 

c. Non-f'igid mount c. See above 

d. Damaged shaft d. Seeabove 

e Insufficient e. Cleek type and amount of 

lubritation lubricant 

f. Dirt in pump f. Supply filter 

g. Corrosion g. Oieek product/pump compa-
tibility 

h Speed too high h. Compare with manufac· I 
turer's recommendation 

i. Pressure too high i. Reduce speed or adjust 
system 

i. Fluid laden with j. Cleek product/pump compa· 

abrasives tibility 

8. Pumps requires a. Speed too high a. Compare with recommended 

excessive power speed 

b. Misalignment b. Cleek 

I c. Internal friction c. Cleek for rubbing between 
parts 

d. Tight bearings d. Cleek bearings and 
packings (bearing tempera-

ture will be a clue). 

e. Lack of lubrication e. Cleek 

f. High fluid viscosity f. Cleek product/pump 
compatibility 

Source: R.:ferena: I 

When the pump has provisions for easy inspection, disassembling and replacement of wear 
parts. usua~ly true for pumps designed for severe service. it is wise to perform inspection~ Cit 

frequent intervals. Complete disaS:tembly may be necessary if the pump displays a conspicuous 
loss of performance. But before this is done the pump should be tested for power, head arid 
capacity to see of there is a need for shut~own and total dismantling. 

Finally. a maintenance log should be kept for each pump, containing a checklist of main· 

tenance requirements, the maintenance schedule. and the maintenance steps performed. 

RtJCiprocating PumP6 

Maintenance of reciproc:.ating pumps is confined to regular inspection of valves, seals and 
packings. The number of hours Clf service before such maintenance is required will depend on the 
type of the design and operating conditions of the pumps. Procedures for such inspectio111 will be 
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illustrated in the manufacturer's instruction manual. With normal conditions the valves should be 
checked after three months from the break-in of a new pump. The succeeding.inspections can 
then be based on experience. Other items which require maintenance are the piston and r "Ct and 
1:ylinder liners. 

Guide to correcting faults in pump operation are shown in Table 12.3 for steam pumps and 
Table 12.4 for power driven reciprocating pumps. 

Fault diagnosis guides for rotary pumps and screw pumps are shown in Table 12.5 and 12.6 
respectively. 

12.3.3 Compressors 

Lubrication 

Use omy the best mineral, hydraulic oil with corrosion and oxidation inhibitors, anti
foaming and anti-wear properties. Check if it is at the specified viscosity at 3mbient conditions. 
Do not combine different brands or kinds of lubricants. 

The frequency of the oil change will vary according to the quality and temperature of the 
oil. 

To change the oil, run the compressor untii warm. After stopping, open the oil filler plug 
to aliow the pressure in the system to escape through the vent hole. 

(1) Remove the oil filter. Drain the oil into a pan. 

(2) Clean the filter mounting. Do not allow any dirt to get into the system. Oil the gas· 
ket of the replacement filter and screw into place until it is properly seated. 

(3) Open all drain plugs to drain the oil from the cil separator, oil cooler, oil stop valve 
and check valve. Retighten after draining. 

(4) Fill the oil to the correct level in the filler pipe. Do not allow any oil to get into the 
system. 

(5) Run the unit unloaded for a few minutes to circulate the oil. Stop the unit and check 
the oil level in the sight glass. Do not overfill. 

Air Filter 

Service air filter at the recommended intervals and/or when the indicator (if provided) sig
nals for servicing. 

(1) Remove the element only when the compressor is not running. 

(2) Reset the service indicator. 

(3) Inspect the element (either old or new) for tears and holes. Do not use a damaged ele· 
ment. 

Do not reuse the element more than three times. To minimize down·time, always replace 
the old element with a new one. 

After removing the element for servicing, clean the retaining cover and check the element 
sealing i.urfaces on the cover and pipe flange. 
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Table 12.3 Fault Diagnosis for Steam Pumps 

Fault Possible Cause Remedy 

1. No discharge a. Pump is not primed a. Prime 
Release trapped air on I 

I 

discharge side I 
i 
I 

' ' 
b. Excessive suction b. Reduce hiction by using i 

I 

lift larger diameter pipe or ! 
eliminating bencfs. etc. I 

i 
c. Air ieaks c. Check system for air :eaks I 

d. Vapor bound d. Check fluid temperature. l 
vapor pressure and I suction lift 

e. Clogging e. Check suction pipe, foot 
valve or strJiner 
Check pump suction valves I 

f. Deterioration f. Dismantle and check sue 
tion valves. packings. 
valves or cylinder 

2. Low discharge a. Low steam pressure a. Check for clogging or I 
pressure leaks I 

Inspect valves 

b. Tight packing b. Loosen 

c. Excessive back- c. Check system head 
pressure 

d. Deterioration d. Inspect condition of 
piston packings, valves 
and cylinders I 

3. Pumps stops or a. Steam supply unsteady a. Oieck for obstructions. 
hesitates etc. 

b. Valve trouble b. Check for valve wear and 
leakage 
Check valve timing 

c. Excessive back- c. Check system head 
pressure 

-
4. Variable delivery a. Air leaks a. Check system for air leaks 

h. Misalignment b. Check alignment of pump, 
look for unsupported 
piping connected to pump 

c. Excessive suction lift c. See ahove 

d. Vapor bound ci. See above 

£:, Tight packing e. See abcve 

f. E xcessiv~ speed f. Compare with manufacturers 
specifications 
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Cont. ( fab!e 12.3) 

Fault Possible Cause Remedy 

5. Pump short· strokes ... Excessive a;shioning a . Adjust cushioning valves 
to 9'?t correct strokes 

b Worn valve b. Check; re-face if necessary 
c. Entrained gas c. Modify suction intake 
d. Incorrect valve d. Check and adjust 
e. Worn bore e. Replace liner. re-bore and 

use larger piston 

6. Pump over-strokes a. Cushion valves a. Adjust to reduce stroke. 
(hits head) 

b. Piston leakage b. Replace piston packing or I I 
I worn liner; or re-bore 

cylinder 
c. Valve leakage c. Check valves on liquid 

head for leakage; 1f 
necessary re-grind or re·set 

7. Excessive wear a. Misalignment a. See above 
b. Bent piston rod b. Check trueness 
c. Worn bore c. Replace liner or re-bore 
d. Fluid d. Check product/pump compa-

tibility 

Source: Rcfcrcnl-C I 

Table 12.4 Fault Di~osis for Power l>riven ReciprocatinR Pumps 

f.,,, Possible Cau• Remedy 

1. Low discharge a. Air leaks .i. Oieck system for leaks 
pressure b. Excessive -ar b. Check cylinder bore for wear 

c. Faulty valves c. Check valve and valve seat 

I conditi.in 

! 2. Excessive noise a. Warn bearings a. Check condition; replace 
if necessary 

b. Misahgnment b. Check alrgninent; correct 
if necessa•y 

c. E xi;essrve speed c. Compare with m~nufacturers 
specified rated speed 

d. E xcessr ve suet ron d. Reduce suction hit ,f 
lift possible and/or redule 

suction prpe froctron 
e. Trapped gas or air e. Adjust suction pipe e.itrv 

i or pos•tion I 

' I. Fa..rlty vaive operation I. Check valves and springs 

3. Variable delivery 56rne as for steam pun-:J)!' Reier to Table 12 .3 

4. No discharge Same as for stiam Reier !o Table 12.3 
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Table 12.5 Fault Diagiwsis for Rotary Pumps 

Fault Possible Causa Remedy 

1. No discharge Not primed a. Prime 
t 

a. 

b High suction lift b. Reduce suction lift or 

reduce friction in suction 

side 

C. Air leaks c. Check system for leaks. 

particularly gaskets 

d. Blockage d. Check and adjust 

e Excessive wear e. Compare wear against 
manufacturer's allowable 

tolerances 

f. Wrorig d11.ect1on of f. Check rotation 

rotation 

g. lnsuff1c1ent speed g. Compare with rated speP.d 

2. Low discharge a. lnsuff1c1ent speed a. See above 
r-ressure or 
reduced capacity b. Wron~ direction of b. See above 

rotation 

c. H;gh suction lift c. See above 

d. Air leaks d. See above 

e Trap~ed air e. Re post1tion suction inlet 

I. Rel 1ef valve or bypass valve t. Check and adjust 

g. Excessive wear g. See above 

3. Excessive noise 3. M1sal1gnmP.nt a. Check alignment of pump 

and motor 1dr1ven 

b. Internal damage b. Check rotor 

c. lmhalancc c. Check rotor for s!ar1c and 
dynamic balance 

d. 1. ;>E:d air d. See abO"'! 

e. Air leaks e. See above 

f. Cavitation I. Check operating conditions 

q. E xcessivc pressure g. Check reiief valve 

I and adjus1 11 necessary 

h. Deter .vration h. Check wear and clearances 
of compo'lents 

4. High discharge a. High system p;essure a. Compare system pre;sure 

pressure with pump rating, l.ircwr 

pump may hav11 to be usec! 

b. Relief valve or b. Check and adjusc 

bypa:( valve 

c. System throttl~d c. Inspect discharge valve 
opening; or check system 

for blocking 
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Coat. (Table 12.S) 

F•it Possible Cal• Remedy 

5. Excessive wear a. Abrasive liquid a. Check pump/product 
compatibility; or check 
suitability of filter or 
strainer in use 

b. Misalignment b. See above 
c. High system pressure c. See above 
d. Excessive speed d. Compare with pump speci-

fication for viscosity of 
liquid handled 

6. Excessive input a. Damage a. Oteck parts; shaft, 
power required bearings, etc. 

b. High system pressure b. Seeabove 
c. Excessive fluid c. Oteck speed rating against 

viscosity actual viscosity of fluid; 
reduce speed for higher 
vi~ities 

I d. Excestive speed d. See above. 

7. Pump overheats I a. Relief or bypass a. See above 

I valves 
b. Excessive speed b. See above 
c. Excessive pressure c. See above 
d. Discharge throttle d. Oteck flow through relief 

valves 

Source: Reference 1 

Table 12.6 Fault Diagnosis for Saew Pumps 

~-It PouibleC•se Remedy 

1. No discharge a. Wrong direction of a. Reverse motor 
rotation 

b. Oogged foot valve b. Clear 
or filter 

c. Leaking front cover c. Oled: setting and rezdjust 
relief valve 

I 
if necessary. Inspect and 
clean seating surfaces. 
Replace excessively worn 
parts 

2. Undercapacity a. Air leakt in supply a. Inspect pipe joints and 
line gland packings. Correct 

b. Clogged foot valve b. See above 
or filter 
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Cont. (Table 12.6) 

Possible C•se Remedy 

c. Excessive delivery c. Clear obstructions 
pressure 

d. Loose gland packing d. Tighten 
e. Loose ~It drive e. Adjust to specified 

tension 

f. Worn rotors f. Replace 

g. Leaking front cover g. See above 

relief valve 
h. Relief valve trouble h. Inspect wear on sealing 

surfaces and replace if 
excessive 
Check valve setting. 
Readjust spring compres· 
sion to maker's specifi· 

cation 

3. Irregular a. Air leaks in supply a. See above 

discharge line 
b. Clogged foot valve b. See above 

c. Tight gland packing c. Loosen 

4. Pump hesitates; a. Air leaks in !>upply a. See above 

starts then stops line 
b. Clogged foot valve b. See above 

I or strainer 
c. Excessive delivery c. See above 

pressure 
d. Worn and/or unsyn· d. Consult manufacturer I 

chronized timing 
gears 

e. Surface contact of e. Verify rated and duty 

pump rotors pressures 
Consult manufacturer 

5. Pump overheating a. Excessive delivery 
I 

a ~e above 
pressure 

b. Tight gland packing b. See above 
c. Misalignment c. Check pipework and support 

if necessary. Fit flexible 
connections. Check flexible 
couplings. parti· 
cularly flange connections 

d. Shaft !:>earing wear d. Consult manufacturer 
or failure 
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Cont. (Table 12.6) 

I 
e. Surface contact of e. Seeabove 

pump rotors 
f. Incorrect and/or f. Verify with manufacturer's 

inadequate lubricant recommendation 

g. Wom and/or unsyn· g. Seeabove 

chronized timing gears 

h. Le.tking front cover h. See above 

relief valve 

6. Excessive input a. Excessive delivery a. See above 

power pressure 
b. Tight gland packing b. Locsen 

c. Misalignment c. See above 

d. Shaft bearing wear d. Seeabove 

or failure 

I 
e. Worn and/or unsyn· e. Seeabove 

chronized tirr.;ng gears. 

I f. Incorrect and/or f. See above 

inadequate lubricant 
g. Surface contact of g. See at:ove 

pump rotors 

7. Excessive noise a. Air leaks in supply a. See above 

and vibration line 
b. Clogged foot valve b. See above 

or filter 
c. Product laden with c. Clean the system. F:t 

contaminants filter to inlet 

d. Excessive delivery d. See above 

pressure 
e. Loose gland packing e. Tighten 

f. Misalignment f. See above . g. Non-rigid mounting g. Fit lock-washers to slack 
fasteners and retighten 

h. Shaft bearing wear h. Consult manufacturer 

or failure 
i. Worn and/or unsyn· i. See above 

chronized timing 

gears 

j. Incorrect and/or j. See above I 
inadequate lubricant 

k. Surface contact or k. Consult manufacturer 

pump rotors 
I. Relief valve trouble I. See above 
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Coat. (Table 12.6) 

8. Excessive wear a. product laden with a. Seeabove 
on pump elements contaminants 

b. Excessive delivery pressure b. See above 
c. Misalignment c. Seeabove 
d. Shaft bearing wear d. Seeabove 

or failure 
e. Worn and /or unsyn- e. Consult manufacturer 

chronized timing 
gears 

f. Surface contact of f. See above 
pump rotors 

9. Excessive gland a. Product laden with a. Seeabove 
and seal wear contaminants 

b. Tight gland packing b. Loosen 
c. Insufficient gland c. Oleck and adjust packing 

flushing Adjust flow rate 

10. Product leakage a. Product laden with a. See above 
through gland contaminants 

b. Lome gland packing b. Tighten 
c. Inadequate gland c. See above 

flushing 

11. Pump seizure a. Product laden with a. See above 
contaminants 

b. Excessive delivery b. See above 
pressure I 

I 

c. Tight gland packing c. Loosen ~ 
d. Misalignment d. See above 
e. Shaft bearing wear e. Consult manufacturer 

or failure 
f. Worn and/or unsyn- f. Consult manufacturer 

chronized timing 
gears 

g. Incorrect and/or g. Verify with manufacturer's 
inadequate lubricant recommendation 

h. Surface contact of h. See above 
pump rotors 

Source: Reference I 
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/nrercooler 

Keep the exterior of the cooler core tubes clean to maintain the cooling effici~t. Clean 
these tubes at regular intervals; the time between cleaning depends on the service conditions. 

Dismantle the intercooler protective guards to remove the intercooler core.Use compressed 
air to remove any dirt or foreign matter. Do not use a wire brush or metal scraper. 

If provided, inspect and seat 0-rings in the manifold flanges and replace if necessary. 

lnten:ooler relief valve and safety valves 

The intercooler relief wive, air receiver safety valve and compressor safety valve should 
be tested at least annually. Foliow the manufacturer's instructions for testing. The valve should 
open at pressures specified in the maintenance manual. The necessary adj:.istrnents should be 

performed by qualified technicians. 

Reciprocating Compressors 

VallleS 

Valves must be dismantled and inspected at recommended intervals or when faulty valve 
operation is suspected. In the latter case. immediate action must be taken to prevent serious 
damage to the compressor. Never remove a valve without first releasing the pressure in the com: 

pressor. 

A spare set of valves, damper springs and other valve accessories will reduce downtime of 

the compressor when servicing valves. 

(1) Inspection and reconditioning. 

Never remove a valve without first releasing the pressure in the compressor. 

Do not interchange the parts of individual valves. 

Follow the instructions of the manufacturer and use any special tool provided with the unit. 

Check the va!ve plates for wear and damage. Replace any cracked or warped plates. 

Check the following items for wear. compare the clearances with the allowable limits as 

specified by the manufacturer and replace if necessary. 

o Valve plate 

mits. 

o Back plate shoulder 
o Valve seat 
o Back plate damper spring cavity 

Replace all items if the anticipated wear at the next valve inspection will exceed the safe Ii· 

Damaged valve ieats can be las>ped or refaced on a grinder or lathe. 
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Follow the maintenance manual when reassembling the valves. Use appropriate tools 
and accessories, e.g., torque wrench, locati~ pin to ensure pre.per seating and alignment of the 
parts . After assembly. inspect the seating of the plates in the valves seats and check for frft 
movement by depressing the valve plates. 

(2) lnstallmon 

Check the following items for wear. stretching, or distortion and replace as needed. 

0 0-rings 
o Steel thrust inserts in the valve retainers 
o Valve seat gaskets 
o Manifold washers 
o lntercooler setscrews 

Follow instructions for the lubrication, if nec;?Ssary. of all 0-rings, gaskets., washers. etc. 
Seat or in their proper position. Install valve retainers in their proper positions. 

Install the valve locking plates according to manufacturer's instructions. Tighten setscrews 
and central nuts just enol19~. 

Regular valve 

Perform the fol:owing during compressor overhauling: 

Dismantle and clean the valve with white spirit or similar solvent at the recommended 
inter\lals. Dry the parts and oil before reassembly. 

Remove and clean the filter for control air in the recommended solution. Worn valves 
or seats should be lapped on a !moothing block. Use only the finest grade of grinding paste. 

Examples of preventive maintenance timetables for three types of compressors are in Ta· 
bles 12.7 to 2.9. Trouble shooting guides for these compressors are in Tables 12.10 to 
12.12 

Table 12.7 Summary of Preventive Maintenance Schedule for Oil Free Screw Compressor 

Operation Daily Weekly 
Every 

Yearly 
&Months 

Drain condensate from intercooler, 
aftercooler and oir receiver x 

Check flow and oulet tem9eratures x 
of cooling water 

Check oil pressure x 
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Cont. (Table 12.7) 

Opeoratiort Daily Weekly 
Every I Ye•ly I 

&months 

Check intercooler pressure x 
Check condition of air intake x 
filter element (s) 

Check loading and unloading x 
pressures 

Check for air. oil. water leaks x 

Check oil level and condition of x 
oil visually 

Inspect breather element (s); clean x 
if necessar'f 

Test safety switches x 

Have unit inspected by manufac· x 
turer·s service representative 

Grease motor bearings . x 

Clean oil filter(s) x 

Replace air intake filter element (s) x 

Change compressor oil x 

Test high presiure stage safety x 
and intercooler relief valve (s) or 
intercooler safety valves 

Test electrical interlockings and x 
motor breakers 

Clean float valves and unloader x 
assembly 

Clean unit and motor • air path x 

Huve unit :nspected by manufac- x 
turer·s service representative 

•s.e manufacturerl instructions. Clean and gre .. more frequently whctn compreslOI' is operated 
in dustv surroundings. 

Soura-: Reference 3 
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Table 12.8: PrC'ftntift Maintemw:e Schedale for Oil-flooded Screw CQllllJRSSOf 

Period 1) Runninl Opel don See note 

houn(11 

Daily Before Staning .. --- Check oil level 

--- Check air intake vacuum indicator. Service 
filter element if indicator shows red --

.. 8 During operation 
Check air outlet temperature of compressor 

element --

.. 8 Check that condensate is discharged from 
moisture trap during loading --

.. 8 Check unloading and loading pressur'!s --

.. 8 Check air intake vacuum i:ldicator. If red 

is full out, service or renew filter 

element --

.. 
' 

8 Check thc.t hourmeter is operative 

.. --- Check oil le'lel 4 

.. After stopping .. --- Drain condensate --

--
Weekly Check for oil leaks 

.. --- Clean unit --

" Press oil separator pressure indicator du· ---
ring loaded operation to deterrT'ine 
pressure drop over oil separl'!t'1r element 3 

3monthly --- Operate safety valve --

" 500 Inspect coolers; clean if necessary --

" 500 Remove air filter element, clean by air 

jet and inspect 
1 

" --- Remc.ve, dismantle and clean float valve of --
moii;t•1re trap 
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Coat. (Table 12.8) 

Period1) Runnint Operdion 
hours (1) 

Yearly --- Test safety valve 

.. --- Test temperature shut-down switch 

.. - Have operation of e1ectrical interlockings 
motor breakers. etc. tested by an 
electrici;tn 

.. --- Replace air filter element 

.. ---- Check belt (s) for correct running 

.. 1000 Clean oil flow restrictors .. 1000 Change oil and oil filter 

(1) Whichever inter· 
val comes first 

Notes: 

1. More frequently when operating in a dustY atmosphtre . 

2. Lise an oil filter as specified in the pans list. The pert number is marked on the filter. 

3. Replace element if prasure drop. i.e. the difference in reading on gauge exceeds manufac· 
turer·s spec:if"ication. 

4. Stop the unit and wait 10 minutes to allow the air bubbles to escape from the oil. The 
si~t-9• should be filled with oil. Never overfill the tank. Before adding oil, ensure that 
the pressure is rele&Hd. 

5. if the belt (s) tend Is) to run off the pulleys. the Position of the compressor element can be 
adjusted to keep the belt (1) centered on the pulleys yJhen running. If necessary. slightly 
loosen the four bolts ll.'hich secure suppart to the fl'8fnt and .cljust scre.ws until the tMtlt (s) 
run (s) correctly while running unloaded. Ti~ten the four bolts and nuts of screw. load 
the unit and check belt (s) for corract running again Lock tcrew with its lock washer after 
adjustment. 

Source; Reference 2 
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Table 12.9 Maintenance Schedule for Reciprocating Compressor 

Twice every 8-hcur shift 

1. Check tf\e lubricating oil prP.SSure. 
2. Check the intercooler pressure. 

I 
3. Drain any condensate which may have_ collected 

in the air receiver and aftercooler (if provided). 

After every 50 houn of operation 

1. Check the oil level in the crankcase. top up. 
I if necessary. to the "Max" mark on the dipstick 

with the correct type of lubricating oil. 
Record the oil quantity added . . . . . . . . . . . . . . . . . . .... 

2. Oean the unit and its accessories externally 

After every 100 to 500 hours of operation 

Clean and inspect the air intake filter ele· 
ment for paper ruptures. Renew. if necessary 

I Clean the element more frequently if the com· 
pressor is operated in dusty surroundings 

After every 1500 houn of operation 

I 

1. Renew the air intake filter element (or more frequently. if necessary). 
2. Dismantle, clean and inspect all the valves. 

Once every six months 

Test blow Olli the safety valves. 

After every 3000 hours of operation 

1. Dismantle, clean and inspect the lubricating 
uil pump and the compressor valves. 

2. Dismantle and clean the regulating valve and 
its air filter. 

3. Renew the oi: in the crankc..ase. Clean the 
oil pump suction strainer and renew the oil filter. 

After the compressor has run for a few 
minutes it will be necessary to add lubrica-
ting oil to compensate for the filling of the 
oil filter. 

4. Test blow all the high pressure safety valves 
and the intercooler relief valve. 
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Cont. (Table 12.9) 

After every 6000 houn of operation 

Have the compressor overhauled by an 
service outlet as instructed in the 
owrhauling instruction manual. 

Note: The above mentioned inspections are 
cumulative. i.e. items on the 50 hours 
inspection should be included on the 1500 
hour inspection schedule. The 3000 hours 
inspection should always include tile items 
on the 50 and 1500 hours inspection schedule 

Source: Rcfcrcm."C 4 

Table 12.10 Troubleshooting Guide for Oil-f!"2e Screw Compres.wrs 

-
Condition Possible Faults Remedy 

1. Compressor a. Air pressure switch a. Refer to maintenance 
capacity or incorrectly set manual for setting of air 
working pres· (opens too soon) pressure switch. 
sure lower than 
normal b. Throttle valve does b. Inspect unloader assembly. 

not fully open or HP pipes and connections; 
unloading valve repir even slightest 
in air inlet main- leak. Remove elbow pipe 
fold leaks from between air ~utlet 

silencer and air inlet 
manifold; remove valve 

c. HP safety valve, 
seat and valve cone, clean 

I c. 

and inspect. 
intercooler relief 

Consult manufacturer's 
valve or intercooler 

service representative 
safety valve leak immediately 

d. Compressor elements(s) 
out of order. 

2. C.ompressor does a. Air pressure switch a. Check setting. Refer to 
not unload and incorrectly set maintenance manual 
causes HP safety (opens too late) 
~al ve to blow 

b. Air leak at connec· b. Inspect and tightP.n leaky 
tions of air pres- connection (s) 

I 
sure switch feed pipe 

c. Throttle valve c. Inspect unloader assembly. 

L 
remains stuck in open 
position 

227 



Cont. (Table 12.10) 

Condition Possible Faults Remedy 

3. Motor cuts out a Motor incorrectly a. Otange over two wires of 
immediately after connected to the mains supply line 
starting (within mains 
approx. 20 sec.) 

b. Oil pressure too low b. Sees 
c. Oil pressure safety c. Remove and test switch. 

switch remains stuck Refer to maintenance 
in open position manual 

4. Motor cuts out a. Insufficient oil a. Sees 
during operation press:.1re 

b. Compressor over- b. See 10 
heating 

c. Thermal overcurrent c. Investigate cause and 
relay in starter box reset relay 
has tripped due to 
an overload 

'i. Wrong idling Setting of t;.ne Otange to correct setting. 
delay relay in correct If correct setting cannot 

be obtainect replace time 
relay 

6. Unloading pres- Air pressure switch Test pressure switch at 
sure or pressure out of order various settings. Replace 
drop cannot be switch if it does not 
adjusted respond 

7. Low compressor a. Oil level too low a. Top up level to upper mark 
oil pressure on dipstick 

b. Oil filter element b. Oismant.le filter, clean 
clogged t>:>wl and replace element 

c. By-pass valve in oil c. Remove by -pass valve. 
pump stuck in open clean and inspect 
position 

d. Oil pump failure d. Remo11e pump and inspect 
parts for wear 

8. Discharge cooling 0-ring or sealing Stop compressor immediately 

water milky; ring b-.tween inter· remove sealing rinQ 
leakage between cooler and moisture and replace O·ring 
air and water trap damaged or worn 
systems 
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Cont. (Table 12.10) 

Condition Possible Faults Remedy 

9. Air temperature a. Insufficient cooling a. Oteck and increase water 

I 
switch trips, water flow through flow. If thermostatic 

I temperature fault cooling system water valve installed. 

I indicator lamp dismantle, clea:i and 
lights up and inspect, if necessary 
motor stops 

b. Cooling water inlet b. Decrease inlet water 
temperature too high temperature, as required 

c. Air temperature c. Set switch according to 
switch incorrE:<:tly manufacturer's recommen· 
set dation 

d. Restriction in r.ool- d. a~an cooling system. 
ing system due to Refer to maintenance 
formation of scale or manual 
settling do\.,,., of dirt 
manual 

10. Excessive oil Balancing piston Remove balancing piston 
fumes or air flow diaphragm of com· cover from timing gear 
coming from gear pressor element covers and inspect dia-
case breather(s) crack phragms. Replace defec· 

tive diaphragms. 

i 1. Water droplets 0-ring or tube (s) Re 11ove and dismantle oil 
show on dipstick of oil cooler leak co Jler. Pressure test 

core. Replace 0-rings 
and change lubricating oil 

I 
12. lntercooler Choked air intake Replace filter element(s) a. a. 

pressure below filter element(s) 
normal" 

b. lntercooler relief b. Remove valve (s). Clean 
' valve (s) or inter· and inspect 

cooler safety valves 
leaking 

c. Air leak at gaskets c. Tighten screws of leaking 
in circuit between connection. Replace 
LP and HP compres- gasket, if necessary 
sor stages 

d. LP compressor element d. Consult manufacturer 
not in order 

13. intercooler a. Insufficient cooling a. Check and incrP.ase wat~r 
pressure above water flow through flow 
normal" cooling system 

... 
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Cont. (Table 12.10) 

~-~~~-~~--1-~~--

Condition Possible Faults Remedy 

~-------- ----

b. Cooling water inlet 
temperature too high 

c. Scale deposits on 
pipes and internal 

b. Decrease inlet water tern· 
erature. if pos<;it-le 

c. Clean coonng system as 
re<;uired. Refer to main· 

walls of intercooler tenance mam1al 
d. HP compressor elemen! d. Consult manufacturer 1 

not in order __ ......... _______ , __ ._. __ _J 
•Note that the intercooler p~essur~ varies on direct proportion with the barometric pressure. 

'\ .. ur .x: R~frr,·nn· J 

Table 12.11 Trouhleshooting Guide for Oil-injected Screw Compressor 

Condition Possible faults Suggested Remedy 

-----------~---------·- ------- - i----- ---~----- -----1 

Compressor does 
not load 

a. Pressure in air net 
is above pre-set 
loading pressure and 
air pressure switch 
is open 

b. Solenoid va11o1e out of 
::order 

c. Air pressure switch 
out of order 

d. Toggle switch out of 
order or loose con· 
nection 

e. Unloading valve 
remains stuck in 
closed postion 

a. Wait until pressure in 
air net is lower than 
pre-set loading pressure 
of air pressure switch 

b. Remove and check valve. 
Replace if necessary 

c. Remove and check switch. 
Replace if necessary 

d. Have switch and electrical 
installation checked by 
an electrician 

e. Remove and in~ect 
unloader 

-------- . -- ·-----------·--------------------------""""11 
2. Compressor does 

not unload; safe· 
tv valve blows 

a. Air pressure switch 
opens too late 

b. Air leak in unloading 
system 

c. Solenoid valve out of order 

a. Check setting. Refer to 
maintenance manual 

b. Inspect and tighter. leaky 
connection (s) 

c. See lb 
d. Unloading valve does d. Remove and inspect 

-------------+--not close J. __ u_n_i_o_ad_er--·--------1 

3. Unloading prei· Air pressure I Test pressure switch at 

sure difference l_out of o-rd-er __________ J __ various settings. Replace cannot be switch if defective 

adjusted __ __, 
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Condition 

4. Condensate is no~ 
discharged from 
moisture trap 
durin g load in g 

5. Excessive oil 
consumption; oil 
carry-over 
through discharge 
Line 

6. Compressor capa-
city or prec..sure 
below normal 

7. Excessive oil 
flow through air 
filter after 
stopping 

8. Compressor over· 
heating and/or 
unit shuts down 
through the air 

temperature 
switch 

I 

; 

! 
I 
i 
i 
! 

I 
I 
I 
I 
I 
I 
I 

; 
I 

I 
I 

I 

I 
I 

Cont. (Table 12.11) 
-

Possible Fault 

a. Discharge pipe 
clogged or pinched 

b. Float valve mal-
functioning 

a. Oil level too high 

b. Restrictor in scaven
ging line clogged 

~- I t ·1 ncorrec 01 causing 
foam 

d. Oil separator element 
defective 

a. Air consumption 
exceeds capacity of 
compressor 

b. Choked air filter 
element 

c. Solenoid valve 
out or order 

d. Unloading valve does 
not fully open 

e. Safety valve leaking 

f. compressor element 
out of order 

g. Oil separator element 
clogged 

Check valve lea!< ing 
o~ oil stop valve 
jammed 

·----·-
a. Insufficient com· 

pressor cooling 

b. Oil cooler clogged 

externally 
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Suggested Remedy 

a. 

b. 

Check and correct, as 
necessary 
Remove float valve 
assembl-;. clean and 
inspect 

a. check receiver for over
filling. Release pressure 
and drain oil to correct 
level 

b. Clean restrictor 

c. Ch t t ange o correc ype 

of oil 
d. Have element remove and 

inspected by manufactu-
rer's representative 

a. Check equipment connected 

b. Remove and inspect element 
Clean or renew if necessary 

c. Remove and inspect element 
c. Replace • if necessary 
d. See le 

e. Remove and inspect. 
Replace if not airtight 
Replace if not airtight 
after reinstalling 

t. Consult manufacturer. 

g. See Sd 

Remove and inspect. 
Replace if necessary. 
Replace air filter element 

,___ _________ , 
a. Improve ventilation of 

compressor 
room 

b. Check and clean cool£r. 

if necessary 

I 
I 
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Cont. (Table 12.11) 
; . 

Condition Possible Fau It Suggested Remedy 

c. Oil cooler clogged c. Consult manufacturer 

internally 
d. Oil level too lcrN d. Check and correct, as 

necessary. Never overfill 
e. Compressor tempera· e. Set switch to trip at the 

ture shut-dnwn switch Sj)eCified temperature. 
incorrectrv set Never set at a higher 

temperature without autho· 
rization from manufacturer 

f. Fan blade(s) broken f. Check and correct as 
necessary 

g. Oil stop valve stuck g. Remove and inspect 
in close p<'Sition 

h. Oil separator element h. See 5d 
clogged 

9. Compressor is Ve.nt·valve malfunc· Remove and inspect. 
unloaded through tioning Replace defective part(s) 
air pressure 
switch, but dis· 
charge pressure 
continues rising 
slowly; safety 
valve blows 

10. Safety valve a. Safety valve out of a. Remove and inspect. 
blows immediately order Replace if necessary 
after loading 

b. Minimum pre~sure b. Remove and inspect. 
valve malfunctioning Replace where necessary 

11. Pressure between a. Manual drain valve a. Always clos~ valve before 

air outlet and of air cooler not starting. Replace leaking 

receiver, which fully closed valve 
registers on 
working pressure b. Float valve of b. Remove and inspect valve 
gauge, slowly or moisture trap mal· 
rapidly decreases functioning 
after stopping 

with closad air c. Leaking pipe con· c. Repair leakage 

outlet valve nection 
d. Non -return valve of d. Remove and inspect minimum 

minimum pressure prusure valve. Replace 
valve leaking defective pan (s) 
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Cont. (Table 12.11) 

Condition Possible Fault Suggest9d Remedy 
'--· 

e. Air cooler leaking t.. Replace cooler 
f. Air outlet valve f. Repair or replace 

not airtight (when 
air net is depres-
surized) 

Source: Reference 2 

Table 12.12 Troubleshooting Guide for Reciprocating Compressor 

Condition Pouible Cause Remedy 

1. Insufficient air a. Air intal<e filter a. Service or renew element. 
receiver pressure element choked. 

b. Valve of "Unloading b. Remove plug from unloading 
device" sticking in device; check return 
open potion or its spring and inspect 0-rings 
0-rings damaged or Renew, if necessary. In 
worn as:;embling, always grease 

0-rings. 

c. Damaged LP or HP c. Refer to maintenance 
valves. manual. 

d. regulating valve d. Check unloading pressure. 
inoorrectly set Refer to maintenance 
(opens too soon). manual. 

e. Air consumption e. Check pneumatic plant and 
exceeds capacity of tools connected. 
compressor 

f. Air leaks. f. Check and correct as 
necessary 

2. lntercooler pres- Valve trou~le. Refer to maintenance 
sure deviates manual 
from normal range 

3. Pressure drop Excessive lift of Refer to maintenance 
(difference bet· disk-valve of regu· manual 
ween unloading lating valve. 
and loading pres· 
sures) insuffic· 
cient 
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Cont. (Table 12.12) 

Condition Possib1ec ... Remedy 

4. Pr~re in air a. Regulating valve in· a. Oleck unloading pressure. 
;eceiver rises correctly set (opens Refer to maintenance 
above maximum too late). manual I and causes HP 
safety valve to b. Valve of "Unloading b. Remove plug from unloading 
blow. device" sticking in device and check for dirt. 

dose position. Clean and inspect 0-rings. 
--

5. Oil pressure a. Oil level in com· a. Top up oil level as 
drops below mini- pressor sump too low. required. 

I mum safe pressure 
motor cuts out. b. Oil strainer clogged. b. Clean strainer 

I 
c. Oil filter clogged. c. Install new filter. 
d. By-pass valve of oil d. Dismantle valve, cle;in 

pump stuck in open and inspect. 
e. Excessive clearance e. Inspect bearings. Recon-

of big end beari~ dition them if necessary. 

6. Oil pressure Oil pressure gauge Replace pressure gauge or 
drops below mini· defective or gauge disconnect hose while 
mum safe pres· hose clogged. compressor is operating 
sure. motor does and allow oil to eject the 
not cut out. dirt. 

1. Motor cuts out a. Insufficient oil a. See no. 5 
immediately after pressure. 
starting. 

b.No oil pressure; b. Change over two wires of 
reverse rotation of mains supply cable. 
motor. 

I 
--- -

8 C'.nmfll"P.ssor over· a. intercooler core a. Clean tubes with com-
heating. tubes clogged by pressed air jet. I 

dirt and dust eider· 
nally. 

b. Damaged LP or HP b. See no 2 
c. Oil level in com· c. top up oil level as 

pressor sun1p too low required 
d. Low oil pressure. d. See No. 5 . 

9. Carbon deposit a. Inferior quality of a. Clean valves. Change to 
on valves. lubricating oil used. a suitable quality oil. 

Refer to maintenance 
manual 

b. Clogged air filter; b. Clean valves. Service 
not cleaned regularly _J__ filter more often. Refer 

to maintenance manual. 
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12.4 APPLICATION CASE 

The following describes the successful application of preventive maintenance on air and gas 
compresson in an oil refinery plant. 

a. Equipment Specifications and Use: 

Air and gas compressors for instrumentation and controls and for the process units, 
respea:vely. 

b. Experience without PM: 

These compressors are reciprocating compressors of the double acting, dry type, with 
channel valves operating 24 hours a day all year round. 

The pistons are fitted with PTFE rider and piston rings and slides on press fit liners. 

Without PM, scouring of the liners took place with a resultant downtime, material 
and labor cost of close to Pl.5 million per year. 

c. MM Work Done: 

Eight (8) years ago the PTFE rings were upgraded to graphited teflon, with the width 
increased in size to twice the original specification at an approximate cost of"P'.200.000.00. 
If the cost of using the original parts are deducted • the effective expenditures amount to 
only approximately 'P'I00.000.00. 

Periodic bottom clearance checks were introduced, valve servicing and reconditioning 
performed a without any cost except normal utilization of the mechanics available. 

d. Experience and Results with PM: 

The total maintenance cost is now only 1"/00,000.00/year corresponding to parts 
replacement for normal wear and tear. A clear savings of 1'800.000/year is being realized. 

REFERENCES: 

1. Warring, R.H., Pumping Manual, 1th ed .• Trade and Technical Prea, Ltd':# Surrey, Engalnd, 
1984. 

2. Atlas Copco, lmtruction Book Stationary Compn11WJr1 GA 111 up to 122 Pack, Atlas 
Copco Airpower N.V , Belguim, 1984. 

3. Atlas Copco, /Mtruction Boole for Stationary Rotary Screw Comprflll011 ZR3-ZR4-ZR5-ZR-6, 
Atlas Copco Airpower N.V., BelguirY) 1973. 

4. At/al Copco, lmtruction Book for Air Comp/WIOrs BT2-BT114, Atlas Copco Airpower 
N.V., Belguim, 1969. 

5. Process Engineering , Vol. 06, No. 8, August, 1985. 

6. Pollack, F., Pump U•r'I Handbook, Trade and Technical Press Ltd., Surrey, England, 1980. 

7. Lindley, R. H., Handbook of Conitruction Equipmtmt Maintenanc•, McGraw-Hill, New 
York, 1979. 
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Pn1ventive Mailte1•ce of Forklifts, Cranes, 
Hoists and C•veyors 

13.1 INTRODUCTION 

Planned maintenance of materials handling equipment is a program in which inspections, 
adjustment, lubrication and replacement of parts are performetJ in a scheduled and systematic 
manner. A good program is based on a sound method of record keeping. Accurate records are the 
basis of mair.tenance and inspection schedules and the source of maintenance cost per machine 
data. 

The specific objectives of a materials handling maintenance program are: 

a. To reduce costly unscheduled downtime; 
b. To reduce materials handling maintenance cost; 
c. To increase vehicle productivity; 
d. To preserve high trade-in value; and 
e. To increase the personal safety of operators and other personnel. 

There are numerous types of equipment which can be classified under materials handling, 
but only three will be discussed in this chapter, namely: 

a. Forklifts 
b. Cranes and Hoists 
c. Conveyors 

The best source of maintenance information is the manufacturer's manual issued with the 
equipment. Some general guidelines y,jll be presented here. Due to the variety of equipment 
involved, the diagnostics and maintenance procedures for each equipment type will be presented 
mostly in tabular form. 

13.2 FORKLIFTS 

There are two types of forklift trucks based on their prime movers, which are: a) internal 
combustion engines and b) electric motors. However. some systems are common to ooth ICE and 
electric forklifts such as the hydraulic system, steering system, etc. Maintenance guides for these 
are shown in Table 13.1. Table 13.2 contains some trouble-shooting guides for internal combus· 
tion forklifts 

Planned maintenance in industrial lift trucks involves the checking and adjustment or repair 
of specific parts at prescribed intervals, usually based on the hour meter readings of the equipment. 
The most frequeritly used hourly intervals are: 1) 40·50 operating h')Urs (weekly), 2) 250·600 
operating hours (monthly), 3) 1000-5000 operating hours (quarter!y to <;nnually). 

Daily inspections by the driver or operator are usually conducted before each shift and are 
accomplished with the use of checklists. Figures 13.1a and 13.1b show examples of such checklists. 
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Tables 13.3a to 13.3c show scheduled maintenance guides for internal combustion engine 
forklift trucks under normal operating conditions. Some of these items also apply to electric 
forklifts. Please refer to Table 13.1 for more information on the common features of forklift 
trucks. Tables 13.4a and 13.4b contain scheduled maintenance guides for electric forklifts. 

Table 13.1 Maintenance Guides for Features Common to ICE and Electric Forklift Trucks 

Sour.·..:: Rckro.:n..:o.: I 

I tern/Symptoms Possible Faults Suggested Remedies 

a. Drive Axle Assembly 

Excessive noise in Incorrect hypoid clearances Adjust to specifications 
hypoid Loose bearing nut Tighten 

Loose hypoid gear mounting Tighten to spec,fied 
bolts torque 
Damaged hypoid/ring gear Replace 

Excessive noise in Loose belt retainers Tighten 
differential gear 
while travelling Lack of differential gtar oi~ Top up to proper level 

Backlash due to improper Adjust clearances 
clearanCt!s 

Noise in front wheel Defective front wheel bearings Check. repack or replace 
Loose drive axle and wheel Tighten to specified 
bolt torque 

Oil leaks Excessive oil Remove plug and drain 
to proper level 

Loose axle bolts Tighten to specified 
torque 

Damaged oil seals P.eplace 

b. Brake System 

Decreased braking Damaged, leaking cylinder/ Repair/replace 
capacity fluid liner 

Incorrect brake settings Adjust 
Air in brake fluid system Bleed air 
Defective automatic Adjust. repair 
adjuster 
Worn brake lining Replace 

Incomplete brake release Incorrect brake settings Adjust 
Ch.>gged master cy:inder Disassembie. clean 

and change fluid 
Faulty spring Replace 

Swerving to one side Worn lining on side ReplacP. worn lining 
when brakes are applied opposite to the side 

swerved to 
Oil or grease in lining Clean/remove oil or grease 

Incorrect tire air pressure lntlate/deflate 
Incorrect brake clearances Adjust ----
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Items/Symptoms Possible F•lts Suggested Remedies 

Excessive noise Metal fragments imbedded Oean linir.9 

in brake lining 
Bent brake drums Replace/repair if possible 

c. Steering System 
Oil leaks 

Worn or defective packing Replace packing or "O" 

or "O" ring ring 
Difficult steering Defective oil pump Repair or replace worn 

parts. 

Excessive play on Incorrect oil level Top-up/drain to level 

steering wheel Bent linkage/cylinder rod Repair/replace 

Defective steering control Replace 

Drecreased respo~iveness Leaks in cylinder Replace seals 

"Spongy" or erratic Air in power steering Bleed air out 

steering fluid 

d. Hydraulic System 
Forks cannot be raised Faulty control valves. Repair. replace 

linkages 
Leakage in hydraulic Repair seals 

pump and lines tighten lines 

Low oil level Top-up sump tank oil 

level 

Deformation of mast assembly Repair/replace 

Clogged hydraulic oil Clean/replace strainers 

strainers I 

Forks cannot be lowered Deformed mast assembly Repair/replace 

Maladjusted rollers Adjust/ repair 

Decreased lifting speed Dirty/clogged hydraulic Clean 

pump and lines 
Faulty lifting valve Repair/adjust 

linkages 
Clogged hydraulic Clean/repl.ace 

fluid strainer 
Deformed mast assembly Repair 

Vibration of forks at Incorrect oil level Top-up to proper level 

a certain height 

Excessive noi~e from Defective rollers Lubricate/replace 

fork operations Deformed mast assembly Repair/replace 

Damaged bearings Replace 

-
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ltemslSymptoms Possible F .. 111 Suggestlcl Remedies 

Erratic lifting speed Dirty/clogged hydraulic Clean/replace 
sump tank strainers 
Damaged load rollers Replace 
Defective control valve Repair/replace 
linkages 
Deformed mast assembly Repair/replace 

Uneven wear pattern on Uneven chain tension Adjust and balance chain 
mast tension 

Table 13.2: Diagno.stic Guides for ICE Forklifts 
Source: Reference I 

Item/Symptoms Possible F .. tts Suggested Remedies 

a. Engine 
Hard-starting Discharged/damaged battery Recharge/replace 

Faulty starter Repair /replace 
Improper connection of Clean and tighten 

battery terminals term;oab 
Excessively viscous engine Change to specified 

oil viscosity 

Faulty ignition Damaged distributor point Replace 
Improper point gap Adjust 

Air-Fuel mixture Lean mixture Adjust or clean carburetor 
Dirty carburetor Clean 
Choked fuel pipe Clean or replace 

Unstable idling Incorrect idling adjustment Adjust 
Faulty intake manifold Replace gasket 

gasket 

Overheating Low coolant level Add coolant to proper 
level 

Loose V-belts Tighten to specifications 
Faulty thermostat Replace 
Faulty water pump function Repair/replace 
Choked/leaking radiator Clean/repair/replace 
Defective radiator cap Replace 

Excessive Noise Improper valve clearance Adjust 
Excessive clearar.~ between Replace valves and valve . 

valve stems and guides guides 
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< 
Cont. (Table 13.2) 

Items/Symptoms Possible Faults Suggested Remedies 

Excessive piston-cyl;nder Replace cylinder liners 
clearance and pistons 

I 
Broken piston rings Replace 

b. Transmission System 
1) Manual Transmission 

Excessive noise when Defective release bearing Replace 
clutchir.g 
Gears clash when Wrong clutch adjustment Adjust 
shifting Damaged synchronizers Replace 

Reduced travel speed Worn clutch lining Replace lining 

2) Automatic transmission 

Decreased speed low transmission oil level Check. top off 
Incorrect tran~mission oil Replace 

viscosity 

Increased trans- Clogged lines, filters to Clean lines, replace 
mission oil tem- transmission oil cooler filters 
per a tu re 

Excessive transmis· Leaks due to· Tighten 

sion oil loss Loose line connections Replace 
~aultv tr ansmrss1on oil 
seal Replace 
Faulty differential output 
shaft oil seal 

Truck moves ev':!n if Faulty neutral starting Repair or replace switch 

shift lever is in switch 

"neutral" 

13.3 HOISTS AND CRANES 

Cranes and hoists are used in lifting and transporting heavy loads. The most critical elements 
in these equipment are the lifting chains or cables. These parts, subjected to repeated tensile loads. 
stretch over a period of tirne and are work-hardened. Cable! can be worn or frayed d~ring use. 
Failure of chains or cables while in use is disastrous because of: damage to the load being carried. 
the surroundings, the lifting equipment, and most important, possible injuries or death to w:>rkers 
in the area. Good maintenance should prevent these from happenini;. 

Aside from the lift chains or cables, the other important elr ·wts are the load hooks, 
trolleys and wheels, gears. bearings, sheaves, ~nd sprockets. These elements are subject to wear 
and strain, and most of th.:m require proper lubrication and cleaning. 
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Daily Operator Check Off List 

Truck Model ________ Dept. ______ _ 

Date _________ Runi1ing Time __________ Hours 

Shift _____ _ 

Check 0 K adjust Add C Amount> 

1. Gas 

2. WoterorAnti-Freen 

3. Enotne Oil 

4. Hydraulic Oil 

~. Stffring ond Hom ! 

6. Brakes 

7. Tires 

8. Hoist Cylinder 

9. Tilt Cylinders ·-
IO. Air Cleaner 

II. Oil Presaure 

12.Forks 

IZ.Bottery 

14.-------

15. ______ _ 

Operotora Signatur•---------------

Fiawe 13.la Sugated Daily Cheddiat for Gu Uft Truck 

Source: Reference 3 
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Driver'• Dally CMckllat 

TruckNo._Operator: ___ ,_Dote:-5-ef'visor'a QI< __ 

Meter Reading : 
Start of day ______ firs. for day ____ _ 

End of day _____ _ 

Check Before Start of Each Shift 

Symbols: G-g.-Jsoline powered E-electric powered 

VISUAL CHECKS lndicate'v" If okay;"X"lf defective. 
Explain au" x' s" in II Remarks II area below : 

0 Engine air cleaner (G) 0 Battery cleanliness and 
Level (Ea G) 

0 Crankcase oillevel (G) a Battery cable connec -
tions(E&G) 

a Radio tor water level ( G) 

a Head and toil lights 

a Fuel level (G) (E8G) 

a Fan belt tension ( G) 
a Warning lighU (E 8 G) 

a Hour meter!E a Gl a Su•p tank leve I ( E 9 G) 

a Other gauges and 
a Tire condition (E 8 G) instruments 

OPERATIONAL CHECKS 

a Horn CE 8 Gl a Brake Interlock 
switch (El 

a StHrlng CE 8 Gl 

a 8erwtce !lwalc .. C E e G 1 a lncftlnt pedals ( E 8 G l 

0 Parking broke ( G) a Clutch pedal ( G) 

0 Seat broke (El a Hydraulic controls 

0 Seat safety switch (E) (Ea G) 

REMARKS: 

Figure 13.lb Sugested Daily Checklist for Gu or Electric Forklifts 

Source: Reference 3 
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. 1. 

2. 

3. 

4. 

5. 

Table 13.3a: Weekly or 40-SO Operating Hour Maintemnce 
Guides for ICE Forklifts 

SourOI!: Reference 2 

Item Check far: Suggnbld Action 

Engine oil and oil 
filter cartridge Contamination Replace oil and cartridge 

Crank.-:ase breather Dirt or fouling Clean er replace 

Fuel bowl and strainer Sludge, fouling Drain and Clean 

Engine timing Maladjustment Adjust 

Carburetor, idle speed, Proper setting and operation Adjust 
governor, degasser 

6. Clutch Proper operation/ Adjust clutch free play 
maladjustment 

7. Fan and accessory belt Looseness or excessive Tighten or reduce to 
tension tighteness recommended tension 

8. Oil pressure Deviation from normal Find out cause (e.g. leaks. 
lack of oil, etc.) and 
remedy 

9. Air cleaner Dirt and fouling Clean or replace 

10. Battery 
Solution Proper level and specific T op-u;> or replace solution 

gravity 
Terminals and con· Dirt, loosenes~ Clean terminals and tighten 

nections connections 

11. Main generator voltage Normal value Repair as needed 

12. Spark plugs and distri· Oxidl!s, arcing, dirt Clean 
butor points 

13. Generator brushes and Deposits/wear Clean .:>r replace 
commutator 

14. Oil starter motor and Proper operation Repair as needed 
generator 

15. Brake pedal Travel, responsiveness See Table 13. 1, item b 

-
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Cont. (Table 13.Ja) 

16. Brake master cylinder, Leaks. low fluid level Repair s.?als, tighten con-
all hydraulic lines nections, top-up flu id 

17. Hoi~t and tilt cylinders Leaks and wear Replace seals 
Determine cause of uneven 

wear (see table 13.1 item d) 

18. Hy<!raulic system Oil le~I. leaks Top-up, replace seals (see 
table 13.1 itcn. di 

19. Hydraulic breather cap 

I 
Looseness. dirt, fouling Clean, tighten 

I 20. Water pump Proper lubrication Grease as required I 
:n. Radiator and hoses Leaks Repair; tighten clamps. I 

replace huses 

22. Radiat:>r core Deposits Drain and clean 

23. Over-all cleanliness Steam-clean 

24. Lift chains Proper tension Adjust 

Lubrication Grease as necessary -
25. Inner slides and upright Lubricate 

supports 
Piston head sprockets Lubricate 
Tilt cylinder pins and Lubricate 

lift brackets 
Steering axle Lubricate 

Drive axle Lub' icate 

26. Steering gear oil Proper level Top-up as necessary 

27. Gas filler cap screen Dirt, fouling I Clean 
Sump filler cap 

Table I 3.3b: Monthly or 2S0-600 Operating Hour Maintenance Guides for ICE Forklifts 

.iourcc: Reference 2 

Item Check for: Su.sted Actioo -
1. Engine tune-up 

Cylinder Loose compression Overhaul 
Tappets, governor Adjust , 
Fuel pump screen Deposits, fouling Clun 

Fan belts Fraying, damage Replace if necessary I 
; 
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Cont. (Table 13.lb) 

I 
Fan. water pump and Lubrication, vibrations, Lubricate, repack/replace 

generator bearings leaks replace seals 

Cylinder head, mani- Froper torque Lise torque wrench to 

fold, and oil-pan tighten to specified 

bolts torque 

2. Universal joint Lubrication/wear Lubricate/replace if 
necessary --

3. Urive aJfle bolts Looseness Tighten 

4. Lift chains Balanced tension Adjust/equalize tension 

5. Mast Uneven wear Repair /replace 

6. Lift bracket rollers Wear/condition/lubrication Replace/lvbricate 

7. Steering/rolling Ui ift with capacity load Adjust steering (see table 
13.1 item C) 

8. Gland packing Leaks Re pt ace 

9. Transmission, drive Proper level Top-up 
fluid 

-
10. Brake lining Wear Replace if necessary 

drums and wheel cylin- Leaks Replace seals 
der~ 

11. Wheel bearings Repair and adjust 

12. Hub flange bolts Tighten 

-
13. Hydraulic pump Pr(ltNir operation Re?air • necessary 

Control value and lines V,111(~ Repair; tighten clamps 

14. Muffler 8reaK1, cracks Repair/replace 

15. Radiator OeP<>!its, contamination Drain, flush, refill 
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Tlble 13.lc: Quwtaly to Anmlll, or 1000.5000 Operatiaa Hoar 
MainfenlMe Guides for ICE FOlkWts 

Source: Reference 2 

I lt.m I Check for: Suggnt9CI Action 

1. Engine Complete overhaul 

2. Transmission and diffe- Disassemble, inspect and 
rential replace worr. parts 

3. Hoist and tilt cylindt .-s Repack 

4. Channels (disassembled) I 
rollers Wear. condition Replace if required 
wear strips 

5. Carriage, chain anchors, Distortion Repair 
rollers 

6. Trailing assembly Disassemble and check ff: 
a) ring pins 
b) steer knuckle pins 
c) bushings, etc. 

~ 

Replace worn parts 

7. Hydraulic · brake system Disassemble and check ff: 
a) wheel cylintJ<?r 
b) bra:Ce lines 
c) fittings 
d) lining~ 
e) master cylinder 
f) drums 

I Rep!ace worn parts 

I 

8. Steering gear Disassemble and check; 
replace worn parts 

9. Hydraulic tank Drain, flush, refill 

10. Lift chains Remove. wash, inspect, 

~Forks 
repair broken/worn parts 

Trueness Adjust 

~ruckbodv Dirt, deposits Wash and paint as needed 

·-
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Tlble 13.4a: Weekly to !iolldlly or 50-SOO Operatills lloar 
Maintemmce GfJides for t1ectric Forklifts 

Source: Reference 2 

ltma Cl:eck for: Suftls111d Action 

1. Controller Freedom of movement Adjust 
Burned control tips Re.place 

Terminals Looseness Tighten 
Proper lubrication Lubricate as necessary 

2. Contractors Burned contacts Replace 
Plunger Freedom of mo\!ement, Adjust as needed 

sufficient overtravel 
Terminals Looseness Tighten 
Spring Proper te~ion Adjust/replace 

3. Resistors Clean with compressed air 
Coils Signs of burning Replace 
Terminals Looseoess Tighten 
C'.oil insulators Cracks and burns Replace 

4. Switches 
Terminals Looseness Tighten 
Contacts Excessive wear Replace 

5. Motors 
Commutator Burning and pitting Clean 
Brushes Excessive wear Replace 
Brush holders Free clearance Adjust 

Proper spring tension Replace 
Assembiy Foreig" material, carbon Clean with compressed air 

dust 
Motor insulation Cracks, breaks Repair/replace 

Gminal studs Oxides, deposits Clean 
up ling Proper lubrication Grease/oil as necessary 

. 

Table 13.4b: AnnUll or SOOO Operatina Hour Maintenance 
Guides for Electric Forklifts 

Source: Reference 2 

Item Check for: Suggestad Action 

1. Motor Dirt, deposits Di~mantle and clean all 
parts 

2. Terminals Deposits, oxides Clean/t;ghten 
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Cont. (Table 13.4b) 

3. Insulation Fraying, charring Repair/replace 

4. Bushings Wear Replace 

5. Brush holders Tightness; proper radial Adjust as necessary 
pcisition, angle, and 
spacing 

6. Brushes Pmper bearing Adjust 
Proper length Replac.eladjust 

1. Armature Shorts and grounds Isolate/insulate 

8. Commutator Discoloration Adjust 
High or low bars Adjust 

9. Wire banding Tightness Reb~nd if recessary 

10. Shaft Straightness Repair 

I Bearings Seals, lubrication, Replace/repack. 
condition lubricate 

I 11. Rotor Dynamic balance Baiance 
' 

12. Field coils and connec· Condition. looseness Repair. tighten 
tions 

13. Motor couplings Alignment. dirt Clean. align 

14. Assembly Repack ~ith proper 
iubricant 
Reseal as necessary 

13.3.1 Chain Blocks 

Chain blocks should be r•larly cleaned and inspected. A critical indicator of the con· 
dition of the chain is the amount that the chain has stretched for a specified period of time. 

The following monthly ins~-tion procedure is suggested: 

(a) Check the pitch or unit amount of strain by measuring at le•t 20 links of the chain. 
Maximum permiss:bie stretch for lift chains is from 3 to 10 percent. On pocket wheel 
chains, the limit is about 1 %. Consult the manufacturer's guide. 

(b) Replace or repair overstrained chain, or decrease the loading on the chain, if the per
missible limits are exceeded. 

(c) Check for gouging, wear, m.-king and deformation. Any chain worn more than 10% 
of an area at any point should be returned to the manufacturer for repair. 
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(d) Check link joints fo~ excessive wear, and lighten the loading if needed. 

(e) Check iron and low carbon chain for work hardening. Anneal iron periodically, and 
normalize steel as required (usually less frequently). Heat treated steel and alloy chain 
should only be annealed or normalized by the manufacturer. 

(f) If a chain running on load sheaves shows ex<:e$sive wear, check the load sheaves for 
maladjustment or damage. 

(g) Lubricate the chain thorooghly, particularly at the link juncture points. Graphite 
grease is recommended because it is waterproof and it stays in place. Chain used in 
gritty or dusty environments should never be lubricated, because dirt and grit will 
stick and accumulate in the lubricant. 

(h) Check the deformation on load blocks by measuring their loaded dimensions and 
comparing them with previous values. Hooks which are slightly deformed may be 
straightened; hawever, those which are badly damaged should be replaced. 

13.32 Hoists 

Ha1d and power hoists have similar monthly maintenance requirements. These are presen
ted in Table 13.5. 

In addition, the following monthly lubrication guides are recommended for hand hoists: 

(a) Lubricate more often in hot, moist or dustry places. Pay special attention to chain 
sprockets. 

(b} Beware of lubricating the wrong parts. Some types of lever hoists should not be lubi· 
cated, while some differential types will not carry the load if too much lubricant is 
applied. In lubricating the sheaves of blocks and falls, be careful not to spill oil 
onto the ropes. 

(c) Thoroughly clean the outside of the hoist and look for oil leakage which indicate 
faulty shields or bearings, or spillage from too much lubricant. 

Power hoists have motors, switches and electrical connections which need addit1011al 
care. The following monthly guides are suggested: 

(a) Take care not to spill lubricants on electrical insulation. 

(b) Inspect and service motors, electrical or air parts. 

(c) Clean breathing holes or oil cases 

(d) Clean the casing and all air passages 

In addtion, it is recommended that limit switches be tripped daily to check their 
operation. 

After servicing, hoists must be operated undi,r full load and no load, using all func· 
tions. Noises may indicate worn gears, ;heaves, sprockets, bearings, or looseness of parts. 
Any problems must be solved at o.ice. 



Table 13.S: Monthly Maintenance Guides for Hoists 

Source: Reference 2 

Item Check for: Comments/Suggested Action 

1. Load hook Signs of overloading and Reduce loading 
abuse (e.g. spreading, Brier operators on proper 
load applied to point use and method of loading 

b instead of middle, etc.) If damage is extensive, 
replace. 

Damaged links If only a few (1 or 2). 
are damaged 
have new ones welded in 
by manufacturer. 

Signs of abuse/misuse Instruct operator on 
(e.g. non-use of slings, proper use 
etc.) 

Excess of 3% allowable Reduce loading 
strain (based on at Replace if needed 
least 20 links) 

For hand hoists check 
annually 

Lubricate properly 

3. Load brake (full load) Irregularity of operation, Repair. adjust 
drifting 

4. Wheels and !rolleys Excessive wear Replace if necessary 
Proper lubrication 

Track Levelness and true joints Repair/adjust 
Positioning apparatus Accuracy Adju5t/repair 

13.3.3 Cranes 

Cranes, m addition to lifting, also transport heavy loads. There are basically two types: 
a) wall and floor cranes; and b) mobile cranes. The former &re almost always powered by elec
tricity, while the latter use diesel engines. 

Wall and floor cranes move lifted loads on wheel's travelling on supported rails. Moving 
and loaded parts are subjected to wear, warping, misalignment, etc. Table 13.6 contains some 
monthly maintenance suggestions for wall and floor cranes. 

The following should also be checked periodically, based on their respective recommended 
maintenance schedules. 

(a) Service casters and wheels 
(b) Grabs, slings, ropes, chains, and hoists. 
(c) Electrical parts 
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Table 13.6: Monthly Maintenance Guides for WaD and Floor Cranes 

Sot: n:e: Referem.'"'! 2 

Item Check for: Suggested Action 

1. Rails and supports Parallelism/alignment Repair/adjust 
Spread joints Repair/decrease loading 

Deformation Repair 

Gauge 

2. Bearings, including: Damage Replace 
mast top thrusts, Proper lubrication Lubricate as required 
radials trolley 
wheels 

3. Top and other braces True alignment Adjust/repair 
(brace and beam shou:d 

swing together wit•'out Lubricate joints 
any looseness or bindi.'g 
throughout arc of swing) 

4. Outriggers, removable- Proper operation Repair as necessary 
beam end column and 
other occasionally used 
devices 

5. Batching, weighing, and Proper operation Service as necessary 
other attached devices 

6. Wheels Uneven wear between a If difference is 3 mm or 
driver pair more, remachine or 

remate 

7. Hoisting gear 
Hooks Spreading and marring Repair/reduce loading 
Load hook nut Backing off Tighten 

B. Bolts, nuts, screws, Looseness Tighten 
gaskets and other parts 

9. General Lubricate and clean. 
especially electrical 
or other heat dissi· 
pating parts. 
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Table l3.7a: Daily or 8 Operating Hour Maintenantt Guida for Mobiles Cranes 

Source: Reference 2 

Item Check for: Suggested Action 

1. Cont~ols, levers Proper operation Repair as necessary 

Fraying Replace if necessary 
2. Cables and clamps looseness Tighten 

Need for oil lubricate 

3. Tires Proper inflation 
Equal pressure in all tirei 
Stones. imbedded objects Remove debris 

Cuts or damage Repair /replace 

4. Fuel supply Low level I Fill if necessary 
Contaminan.s Exercise care in filling --

I 5. Air reservoirs Drain 

! 6. Radiator low coolant level Top-up 

7. Compressor low oil level Top-up 
--

8. Tracks 
Center pin brushings, Need tor lubrication lubricate as required 
traction shaft. track I (Based on operating condition) 
roller. drive sprocket 
brushing. drive chains. 
etc. -

9. Crankcase. hydraulic Low oil level Top-up 
reservoirs 
Engine chain case 

10. Sleeve bearings lubricate 

11. Open gears; crowd, ret· lubricate 

reat. and propel chains as required 

12. Dipper handle lubricate 

13. Service air filters or Dirt, foulins Clean/replacP. 
fuel filters (For dirty environment) -

14. Clutches Grease Clean 
Slipping Adjust 

15. Reserve supplies of oil lack/absence Provide 

and lubricant, emergency 
equipment, tools, spare 
parts 

16. General Inspection Signs of damage Investigate and correct 
Tampering 
leakage of water. fuel, oil 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Table 13.7b: Weekly or 40 to 100 Operating Hoar Maintenance Guides for Mobiles Cranes 

Source: Rderence 2 

Item Check for: Suggested Action 

Oil filter Exce»ive deposits. fouling Clean/replace 

Water pump Lubricate/grease 

Air compressor Service 

Steering gear Lubricate 
Propeller shaft 
Brake shaft 
Boom hoist shaft 
Roller shaft 
Center post 
Emergency Brake 
Star, ·r 

Generator 
Distributor 
Front spring leaves 
All bearings 

All gear cases Need for lubrication lubricate as necessary 
-

Transmission and diffe- Low oil level Top-up 
rcntial 

Crawler link pins Proper placement Adjust 
Condition 

Cables and cable drums Fraying, wear Replace/repair as 
Boom angles and connec- Proper operating condition necessary 
tions Note: Do not lubricate 

dragline or pull 
shovel drag cables 

Conica! rollers. t•Jrn- lubricate 
table gear. control 
linkage 

Clutch cover, clutch Wear Replace if necessary 
lining and adjustment, looseness Tighten/adjust 
brake bonds 

Turntable roller path Dirt, deposits Clean 
Damage lubricate 

Repair if necessary 

12. Motors Dirt in controller Clean 
contacts I 
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Table l3.7c: Monthly or 200 to 250 Operating Hour Mlintenance Guides for Mobiles Cranes 

Source: Rderencc 2 

·-
Item Check for: Suggested Action 

1. Oil filter Dirt, fouling Clean and change cartridge 

2. Brakes Proper setting Adjust 

3. Compressor Service 

4. Sheaves Damage, wear Repair/replace 

i:: ... Racks and pinions on Wear, damage Replace if necessary 
dipper stick Lubricate 

6. Slew rack and pinion, Proper lubrication and Lubricate 

center port, slew roller working condition Repiace if necessary 

paths 

7. Limit switches Proper operation Repair/adjust 

Safe-load indicators Lubricate 

8. Wheel bearings, clutch Dirt, deposits Clean 

release bearing Lubricate 
Excessive wear Replace if necessary 

Power cranes require special attention, some of guidelines for maintaining their electrical 
systems are listed below: 

(a) Regularly check and adjust all power brakes, especially when there are signs of damage 
or maladjustment. If an AC brake has an increased humming sound, investigate at 
once. The coils may burn if the gap of the magnet is too wide. 

(b) Keep the crane free of dirt, grease and other foreign matter. 

(c) Check if the limit switches function properly. 

(d) Check and maintain motors, brushes, contacts, etc. 

(e) Replace kinked, severely worn cables 

(f) Check and tighten all terminals. 

Mobile cranes should be preiodically checked in specified time intervals. These intervals ma., 
be modified to suit the particu!ar loads, operating conditions, or environment. Tables 13.7a 1c1 

13.7c show the recommended maintenance procedures for mobile cranes. 



13.4 CONVEYORS 

Conveyors are equipment which continuously transPOrt material along their length. There 
are basically three types: roller. belt, and chain. 

13.4.1 Roller Conveyors 

These conveyors move loads over a series of rollers mounted in parallel. "live" rollers, 
which are externally powered. impart motion to the loads. while "idle" milers passively sup
port the load along the length of the conveyor. Maintenance in roller conveyors consists prima· 
rily of keeping all rollers clean and free to turn. Table 13.Ba shows some g1meral monthly main
tenance requirements of roller conveyors. 

1. 

2 

3 

Table I 3.8a: Maintenance Guides for Roller Conveyors 
(Monthly. unless otherwise indicated) 

Item Check for: Suggestea Action 

Entire umr Gravity or efficiency al Send standard rest unit 
(Particularly all line down the rolls. 

.-alls. guides. tilt sections. bl Note its travel speed 
and other velocity im- (power on) or distance 
par rrng devices) travelled (power off); 

dee• ease of these indi· 
c;.te need for service 
('!.g. lubrication, replace-
ment of some bearings, 
aligmnent. etc.) 

c) Note its behavior on turns 
and make necessary ad· 
justments. 

Rolls 
Lub11catecl Grease or oil 
Non lulmcated Lubricant in rolls Clean/remove lubricant and 

repair any damage due to it 
at least every 2 months 

a) Spin all rolls by hand 
b) Note signs of binding, 

looseness in bearings, and 
remedy. 

Powe1 t1 ansmission Service according to manu· 
members facturer's recommendation. 
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4. Automatic devices 
Switches 
Selector 
Counters 
Alarms 
Safety blocks 
Automatic control 

Cont. (Table ll.81) 

Malfunction or need for 

5. Hand control mechanisms Proper operation 
Spur switches 
Switcti locks 
Turntables 
Load-positioning 

b1akes 

6. Extra heavy sections 

7. All sections 

13.42 Belt Conveyors 

Damage due to dropping of 
heavy loads. production 
operations. etc. 

Signs of uneven wear indi
cating unever. loading 

Unequal frequency of opera· 
ti on 

i 

a) Trip devices 
b) Watch for expected result 
c) lnvestiga~e any trouble 

and repair/adjust 

Repair/adjust as necessary 
(pay special attention to 
those infrequently used) 

Repair as needed. 
If damage is excessive. 

modify operating condi· 
tions if pouible. 

Reverse rolier mounting 
(turn them end-to·end) 
Interchange rollers or 

whole sections between 
light and heavy traffic 
areas. 

These conveyors carry material on continuous belts usually made of a rubber or fiber or 
hnth. Belts are exposed to wear. erosion. and tearing due to abrasion of both the material being 
carried and the other parts of the conveyor. such as drums or rolls, guides, scrapers, etc. Table 
13.Sb shows some maintenance guides for belt conveyors. 

On-stream cleaning is one of the most powerful tools in conveyor maintenance. The savings 
from effective belt cleaning are usually large. However, it is very important tt1at the cleaning sys
tem be installed when the conveyor system is new, because to do so after the conveyor has been 
operating is difficult and expensive. In addition cleaning effectiveness may be reduced. 

(a) Use a cleaning system composed of several units instead of only one for difficult application 
or for very effective cleaning. 

(b) Consult manufacturers about the selection and installation of cleaning devices. 

(c) Incorporate automatic adjusters to cornpensate for blade wear. 
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< 
(d) 

(e) 

(f) 

(g) 

(h) 

Select simple device! to reduce maintenance requirements. 

Make provisions for regular inspection and maintenance. For example, chutes should be 
made easily accessible for regular checks. 

Select cleaning devices with versatile mounting systems for ease and flexibility of installation. 

Install belt cleaning devices aa:ording to the manufacturer's specifications. 

Use vulcanized joints on belts whenever possible to facilitate clear1ing. If mechanical joints 
must be used, select a cleaning device that does not damage the joint. 

(i) Obtain after-sales service from the manufacturer. 

(j) Consider the cost of the cleaning device and spare parts (particularly the fequency of blade 
replacement). 

An example of good cleaning system on a typical oonveyor belt is shown in Figure 13.2. 

LEGEND: 

1. IN - CHUTE DEVICE 

2. 100mm AFTER DRUM/BELT SEPARATION POINT 
5----~ 

3. ACTING ON RETURN STRAND (DIRTY SIDE) BEFORE GT'J OR DRIVE STATION 

4. ACTING ON RETURN STRAND (CLEAN SIDE) BEFORE GTU OR DRIVE STATION 

5. ACTING ON RETURN STRAND CCLEAN SIDE) BEFORE TAIL DRUM 

6. DRUM SCRAPERS 

Flgure 13.2 Typical Cleaning System Layout for Conveyor Belts 
Source. Reference 3 
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Table 13.Sb: Maintemnce Guides for Belt Conveyors 

Source: Reference:>. 

Item Check for: Sugges!M Action 

1. Belt Cuts Repair immediatel1 
Worn surfaces For rubber conveyors, vul· 

canize 
Repair with metal plates 
Use manufacturer's pre· 

pared repair products 
if available 

Slow elastic shdnking Examine belt after overnight 
shut-down to see if belt 
needs to be slackened 
when resting 

Clean regularly by soaking 
dirt '-.lose and washing 
with mild soap. 

Steam hoses or caustics 
should be avoided if 
possible. 

Under or drive side of Slipping (shiny areas) c:ean/tighten 

belt lubricant contamination Clean 
Dirt Clean 

2. Fastener Cracking or breaking Repair/replace fastener 
Tearing of fabric, rubber Repair/reinforce with thread 

3. Cleats and other Damage to area of belt Repair/reinforce belt 
attached devices where they are attached 

4. Power needed to run Increase with the s3me load Check conveyor for: 
loajed belt a) sticking rollers 

b) out of line pulleys 
c) eroded slides or guides 
d) over loading at take-up 
e) other belt-damaging 

factors 
Pronged meter may be used 

5. Surroundings a) Oil dripping for overhead Correct conditiori '>r isolate/ 
machinery protect the belt 

b) Weather leaks in hous'.ng 
c) Solvent fumes 
di Sunlight on rubber belt 
e) Other hazards 

258 



13.4.3 C~;,in Conveyon 

These conveyors have endl~ss chains Nhidl function in much the same way as the belts in 

belts conveyors. However. unlike in bel·t conveyors where :he primary concerns are abrasio'l 

and Vit.ar. maintenance in cha:n conveyors consists of keeping the links clean and properly lubn· 

cated. Table 13.Bc shows some maintenance suggestions for chain conveyors. 

1. 

2. 

3. 

4. 

5. 

I 
I 

Table 13.8c: Maintenance Guides for Chain Conveyors 
(Monthly unless indicated otherwise) 

Soure?: Rl'fl'rl·nce l 

Item Check for: Suggested Action 

Drive motor Proper operation anci a) Clean and service. 
col"ldition 

b) Take power reading 
(Usi1~g a pronged meter) 

with the conveyor carrying 

a ~tandard test. 

cl Compare reading with 
records; if consid<>rably 

higher. investigate and 
remedy. 

R3mote ccmtrols, espe· Proper operation!Setting ServicP. 
cially emergency stops Adju-;t when needed 

Automatic controls Proper cpention a} Trip 

Warning signals 
Overload protection bl Wait for cinticipated 

response; if none, inves-
tigate and remedy. 

Lubr!cation a) Refill automatic lubr:· 

ca tors. 
b) Top up lubricant level 

in gear or motor reduers 

c) Lubricatt whole system 

especictlly fit~ings and 

i<'ints. 

--- ---·-
Sprockets Mecha1lic::il condition Repair if nec'?ssary 

Bearings J.\lignme11t Align 

Load-carrying :ievices 
Chains 
Take ups, 

Similar parts J __ ---1 
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Cont. (Table 13.Sc) 

6. Governors, timers, Mechanical condition a) Operate and time per-
speed-governing devices formance with stopwatch 

L) Investigate for sluggish 
operation. 

7. Blowers, baffles, Perforr.,ance, Repair/adjust if needed 
shields, other protec- Effectiveness in keeping 
tive devices fumes, abrasive:,;, dust 

from chain 

8. Whole system Noise indicating need for al Operate at no load with 

i 
repair va1 ious speed. 

bl Listen for: 
1. dragging rolle1s I 

2. chain rubbing due to 
misalignment 

3. neglected 1Jea1 ings 
4. looseness of parts 

cl Adjust /repair /1 eplace 
as necessary 

9. Supports Plumbness, tightness. firmness Repair as necessary 

10. Structu1 al al ignmcnt Trueness Adjustirepai1 

features (esp. sprocket 
and chain) 

REFERENCES: 

1. Escaiio, L., "Preven~ive MaintenancP. in Forklift Trucks", a Paper Submitted to the National 
Engineering Center, U.P. Oiliman, Ouezon City, Phils, November 1985. 

2. Lewis, B.T., "Facilities and Plant E:nginecring Handbook", Mc.Graw Hill. Int:., Nrw Yor~. 

N.Y. 1973. 

3. "Mcintenance", Vol. 1 & II No. 4, January-F-ebruary 1984, National Productivity Cou.1cil, 

India. 
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Preventive Mainten•ce of lndusbial Diesel Engines 

14.1 INTRODUCTION 

Diesel engines cover a wide range of applications and are extensively used in industry. They 
serve as prime-movers of stationary equipment such as stand-by and prime power generators, com
pressors and pumps. Most construction and materials handling equipment are also powered by 
diesel engines. They are exposed to long operating hours and rough conditions. Knowing this, the 
importance of a preventive maintenance program cannot be overemphasized. 

A preventive maintenance system will preserve the engine in its working state and prolong 
its service life. Routine inspections and prompt response to minor complaints will cut costs in 
temts of time, replacement parts, and fuel. 

14.2 DIAGNOSTICS 

The rT'lanufacturer's recommendations regarding intervals between routine inspections are on 
the safe side and can be extended withoJt jeopardizing the engine if proper operating practices 
are implemented. The engine snould only be adjusted or dismantled when necessary. 

The preventive maintenance schedule wiil depend on the following: 

a. Type of engine 

b. Work environment 

c. Observed engine operating conditions 

d. Work required for routine inspections .;\~1d maintenance. 

A record covering the operation and inspections done on the engine will prove to be very 
helpful. It can serve as a guide in planning, modifying and accomplishing the preventive mainte· 
nance program. 

14.2.1 Fuel System 

Diesel engines can burn sevt ral types of fuels but selection of the right kind is important, 
and t:1e use of u:icontaminated fuel is essential. 

The following ite~ must be periodically inspected and the appropriate measures made to 
correct any defect. 

(a) Fuel tank. Fuel tanks must be kept clean. Filters prevent contaminants and w11ter 
from getting into the erigine but s supply of clean fuel is of utmost importance. 

(b) Filtflfl. Dirty fuel i• a source of most diesel e,igine problems. All fuel filters and 
water traps should be ct-ecked frequently. Low fuel pressure is an indication of a 
clogged fuel filter. 
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(c) Fuel lines. Fuel leaks are a source of hazards and unnecessary waste. Inspect all fuel 
lines and connections at regular intervals. 

(d~ Fuel transfer pump. A continuous supply of fuel at the right pressure is necessary for 
smooth engine operation. 

Analyzers are available to check the fu2I transfer pump delive1y and pressure. 

(e) Fuel injection nozzles. High engine efficiency depends on the complete combus· 
tion of the fuel. The fuel injection nozzle must spray a fine mist of fuel at a pressure 
high enough to penetrate the compressed air charge in the combustion chamber. 

Fuel injection noules can be tested with a nozzle tester. This is a high-pressure 
hand pump which delivers fuel through the nozzle. When testing, point the nozzle 
away from any person; fuel at high pressure c;in puncture skin and clothing. 

(f) lnjecticn pump. Injection pumps are precision instruments and are best left to quali· 
fied technicians. The service manual should be strictl'/ adhered to when disassembling 
or servicing these instruments. 

(g) Governors. Governors control the engine speed by working on the engine throttle 
They need minimal attention but should be kept clean and free from vibrations. 

14.2.2 Cooling System 

All internal oombustion engines generate heat while running. The function of the cooling 
system is to remove the right amount of heatto keep thP.engine at the optimum operating tempera· 
ture. In most designs the cooling system must also absorb heat from the '-ngine oil cooler, after· 
cooler, torque converter and hydraulic oil cooler. 

The most common cooling system, the radiator and fan, is shown in Figure 14.1. Its compo
nents include: the coolant water pump, the fan and radiator, and the water temperature reg~lator. 

(a) Coolant. Ordinarily, the coolant used is water in combination with a corrosion inhibi· 
tor. Wh~ther scale and deposit will form will depend on the composition of the water. 
Since water can cause corrosion, an inhibitor is necessary to prevent the formation of 
rust. The corrosion inhibitor al.a helps prevent pitting on metal surfaces caused by 
cavitation and corrosion. A ccolant with the right pa>portion of water and corrosion 
inhibitor must be within th,. cooling system at all times. 

Water can be tested to determine if it is suitable as a coolant. The molant can also be 
tested to check the inhibitor concentration in the mixture. 

(b) Ktrt1rr Pump. The water pump delivers the coolant from the radiator to the engine 
w1ter jacket and oi~ cooler and back to the radiator. Pump failure will be readily mani· 
tested as overheating. Malfunction can be due to l11ks in the pump housiOA and seals, 
darNge in the bearing and shaft area, or broken impeller vanes. 

The w1ter pump preuure can be measured with a pressure probe at the pump outlet. 
With the radiator tank 1nd regulator both open, it should read 70 to 140 kPa at high 
engine idle. A menomoter installed at the inlet should then read 0 to 60 mm suction. 
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(c) Radiator and Fan. The hot coolant is cooled as it flows through the radiator. Air from 
the f•n msorbs the hut from the coolant through the radiator fins and tubes. Main
hin the correct level of coolant within the radiator, too little water can result in over
heating, while •n excess will cause spillage from the radiator. Bent fins and dirt in the 
radiator core minimize the rate of heat transfer. Avoid putting objects which can ob

struct air flow in front of the radiator. 

Positive contact must exist between fan belts and pulleys. Slip can cause wear on belt 
and pulley and slow turning of the fan. 

Air velocity can be checked with an air velocity meter. Instruments which can help lo
cate restrictions in the radiator core are also available. A potachometer can be used to 
check the fan speed. 

A pressu!'e gauge can be used to check the pressure the cooling system relief valve can 
hold. It should be able to hold a constant minimum pressure of 25 kPa and a maxi
rn..1m pressure of 95 kPa. Pressure can be applied to the system with a pressurizing 
pump or an air pressure regulating valve. 

(d) Water Temperature Regulator. The temperature regulator prevents the flow of coolant 
t<' the radiator while the engine is cold. (Coolant is directed back to the water pump 
thru the by-pass line) As the engine heats up the regulator opens gradually to allow the 
flow of coolant. At the engine operating temperature the regulator is fully open and 
rnost of the coolant flows to the radiator. 

The regulator can be tested with a hot water bath and thermometer. It should start 
opening at the opening temperature indicated in the service manual and attain its ma
ximum position eventually. CAUTION: Do not remove the r..,lator to solve an 
engine overheating problem. 

A complete check of the whole cooling system is possible with a multiple probe ther
mistor thermometer. The temperature at the following areas can be measured: 

o Radiator tank top 
o Water pump discharge 
o Water temperature regulator unit 
o Oil cooler inlet and outlet 
o Engine oil 

14.2.3 Lubrimion System 

Early engine failure can be traced to a faulty lubrication system. It can be caused by the 
following: 

o Improper choice of lubricating oil 
o Lack of appropriate oil additives 
.) Insufficient oil supply in crankcase 
ll Low oil pressure 
o Contaminated oil 

(a) Lubricating Oil. The choice of the lubricating oil should be based on the manufactu· 
rer's recommendation with due consideration to the observed engine operation and 
ambient temperature. The use of the wrong grade of oil can lead to exce•ive oil co,,. 
sumption and engine trouble. A too heavy oil will cause hard sta"ing while low oil 
pressure can result from the use of too thin oil. 
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Table 14.1 : Temperatures at Key Locations of the Cooling System 
Source: Reference 2 

Location Approxim.- tampen11ne re.ting 

Radiator tank - Below coolant boiling point 
top - Must not be more than 61uC greater than ambient tempera-

ture. (water temperature regulator fully open) 

Water pump discharge - 4 to 8°C below radiator tank top temperature 

Water temperature - Must not be more than 1.1°C higher than radiator tank top 
regulator unit temperature 

Oil cooler unit - Oil inlet temperature must not be more than 132°C 
Inlet 

Outlet 

Engine oil 

- Must be 6 to 11°c higher than radiator tank top 
temperature (engine at full load) 

- Must be 8 to 22DC lower than oil cooler inlet temperature 
(engine at full load) 

- 17°C higher than temperature at water pump discharge 
(Measured in the oil manifold) 

Protection of oil from contamination must start at the source. Only clean containers 
should be used. The right additives will extend the life of the oil and minimize oil con· 
tamination. The m3nufacturer's recommended oil contains the necessary additives. Oil 
must be changed because it eventually gets contaminated and the additives are used 
up. 

The intervals between the oil changes specified by the engi:ie manufacturer will not 
necessarily hold for all types of service conditions. One way of establishing thP period 
between changes is to have the oil supplier analy:?e oil samples drained at differnr.t in· 
tervals to determine whether it needs replacement or is still qualified for use. This inter· 
va: can be used as a basis for the fequency of oil replacement as long as service condi· 
tions remain the same. 

Oil pressure gauges are available to test the engine oil pressure. The gauge is connected 
with an adaptor to the opening for the oil·pressure swi!ch. Check the readings at en· 
gine idling and at normal engine operations. If the oil pressure cannot be maintained. 
the oil pump may require servicing or replacement. 

(b) Oil Filters. Replace oil filters aet.:ording to the manufacturer's instruction. Refer to 
manufacturer's specification as to when to replace. 

(c) Venrilation System The ventilation system carries the fuel and water vapor away to 
prevent the condensate from draining into the crankcase. Water vapor miJCes with OJ<i· 
dized oil ;1nd carb:>n particles to form sludge, which clogs screens, filters and lines. 

14.2.4 Air Supply 1nd Exh1u1t 

Incomplete combustion of the fuel will result if the air supply is inadequate. Dirt taken in 
with the air can damage the engine and lead to a premature overhaul. A fault·,. eY.haust system will 
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hinder the exit of corlDustion gases and prevent the entry of a full chlrge of fuel and air into the 
corrbustion charmer. 

(a) Intake System. All air filters require regulation inspection. Follow the manufacturer's 
recommendations on service procedures and intervals. The service intervals will depend 
on the type of filter, the type of application and the contamination of tile air. Inspect 
the whoie air intake system for leaks, induding all hoses, air filter fittings, filter·tO· 
engine connections and intake manifolds. 

Some air filters are equipped ·Nith indicator lights which signal when servicing is neces
sary. 

Restriction of air flow into the engine can be checked with an auxiliary vacuurn gauge 
from the engine !:>uilder or dealer. The gauge can be connected to the intake manifold 
or to the restriction indicator, if the air cleaner has one, with a tee fitting. Compare 
the gauge reading to the manufacturer's recommendation with the engine at fast idle. 
A high reading means restriction in the sy~em. 

Th~ restriction indicator can be check.rd by gradually restricting the air-intake opening 
with a flat plate while watching the geuge. Replace defective indicators. 

(b) Exhaust System Maintenance includes checking and preventing leaks, removing car· 
bon deposits from the exhaust manifold and replacing defective mufflers. 

An Orsat Analyzer can be used to check the composition of the exhaust gases. This 
will indicate whether the engine is burning the correct fue!-air mixture. 

(c) Turbochargers. Turbocharger mountings and connections should be checked for oil or 
air leaks. Make sure there is no ~ir flow restriction at the crankcase vent. Abnormal 
turbocharger noise can mean imminent bearing failure or improper clearance between 
housing and turbine wheel. 

14.2.5 Electrical System 

Maintenance of the electrical system :s focused on the battery, the generator or alternator, 
the starter motor and ancillary gauges. 

(a) Battery. Battery care consists of maintaining the correct level of electrolyte inside the 
battery and cleaning the cable terminals and battery posts. Use d;stilled water to fill 
the battery. Minerals in hard water will form deposits on the plates and restrict chemi· 
cal action. Be careful not to overfill. This will cause the electrolyte to escape through 
the vent holes and form deposits on the battery tops. Check vent holes for restriction. 

Check the electrolyte specific gravity with a hydrometer before adding water. The 
reading should be between 1.215 and 1.270 at 27°C. To adjust for temperature chan· 
ges add or subtract four gravity points (0.004) for every 5.5°C above or below 27°C 

(b) Alternator. Common problems encountered with alternators are bearing failure ;md 
insufficient belt tension. Adjust tension according to the manufacturer's recommenda
tion. Replace belts in poor conditior and readjust tension after a few hours of opera
tion to compensate for any streu:h. 

(c) Generator and startM motor. Starter motors and generators require minimal service. 

As with alternators, check the generator heh for condition and tension. Inspect gene
rator brushes and r"PIKI' worn brushes. 01eck the commutator for scoring or scratch· 
es. 
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14.3 PREVENTIVE MAINTENANCE PROCEDURES 

Diesel engines are made by various rnm"Uflcturers and no twO employ the same design. This 
section covers the fundamental principles of diesel engine maintenance which apply to all kims of 
difSel engi!'leS. The service manual provided by the engine bu.ilder is still the most reliable guide in 
setting up preventive maintenance program. 

14.3. 1 F•I System 

Perform the following checks on the components of the fuel system on a regular scheduled 
basis. 

Maintenance of the fuel system consists of cleaning the tank, filters and fuel lines. 

(a) Fuel Tank 

Chick: Condition Preftn18d 

1. Empty tank engine does not start 

2. Correct fuel engine smokes or knocks 

3. Dirty fuel engine idles roughly 

4. Condensate engine misfires 
in fuel 

5. Plugged fuel engine does not start, starts 
cap vent hard or misfires 

Partly filled fuel containers should be provided 'Nith drains to allow purging of ,...ater con
densate. 

Clear. fuel-storage tanks regularly. 
Screen out all scale , dirt, water and other contaminants from the fuel. 

(b) Fuel Li11t11 

Check: Condition Prntnt9d 

1. Clogged fuel engine does not start, 
lines starts hard or misfires 

2. leaki119 fuel lines w11te of fuel, hazard, engine 
does not r6Clived the ri~t 
amount of full 

3. twis18d, kinked, fuel is not delivered to 
damaged, high the 1119ine. 
pre.ure conMCtors 
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(c) ln;.t:rion Pump 

Only qu•ified technicians should service injection pumps. Follow the service manual 
and u• the right tools. 

I 
Condition, ......... C'-": 

1. f.,lty transfer engine misfires. sbrts h.-d or 
pump does not start 

2. stuck plun- engine idles roughly 
gers or 
sticky pump 
rank or stuck 
control 

3. air lock in engine does not start, star:s 
unit hard, or misfires 

4. seized distributor engine doei not itart, 
starts hard or misfires 

5. LN>Se control sleeves engine idles roughly 

6. ~ailibration engine idles ruughly 
ot injection 
pump 

7. worn distributor low power output 
or pump plunger 

CAUTION: Nner ltHm dun• injection pump whife the engine is runni,.. Do not 
Jpr1y cold water on 1 warm pump. Pump •izure will occur. 

(d) Full-injtJCtion nozzles 

Check for stuck nozzle valves and plugged nozzle opening. 
Oleck the nozzle-opening preuure. 

(e) Filter 

Inspect filter connections. 

Oleck water separator daily and empty if the element is one-half full. When the water 
level cannot be seer., replace the element. 
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(f) Governor 

Chedl Condition Prnent9d 

1. Poor idle engine hunts. misfires, low-en· 
adjustment gine power output, rough idling 

2. Loose or broken I engine does not start, starts 
governor pump linkage hard or misfires 

3. Worn throttle engine idles roughly 

I linkage 

4. Worn, broken engine does not start, starts 
or improperly hard or misfires 
adjusted 
spring 

5. Wrong, worn erratic engine operation 
or broken 
control 
spring 

6. Wrong gover · erratic idling. low power output 
nor spring 

14.3.2 Cooling System 

Frequent maintenance is necessary for the cooling system to wcrk efficiently. The following 
steps will prolong the life of the cooling system and engine. 

(a) Loading the coolant 

(1 I Use acceptable water with the right corrosion inhibitor. 

(21 Close ail drain plugs before filling the cooling system. 

(3) If the capacity of the cooling system is unknown mix the correct proportion of 
water and inhibitor before filling. 

If the capacity is known the inhibitor may be added while filling. 

CAUTION: The water and inhibitor should mix before the temperature rises 
and coolant is circulated in the radiator. 

(4) Filling should be done at a rate of 19 litres per minute or slower to prevent the 
formation of air pockets within the system. 

(5) Run the engina for a few minutes before putting on the radiator cap. After 
putting the radiator cap, warm the coolant by idling the engine. 
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(6) Check the level of the coolant and add more if necessary. Replace the radiator 

cap. 

(7) Check for leaks in the cooling system including hoses and connections. 

CAUTION: All checks should be made while the engine is cool. 

(b) 70 hour or daily inspection 

(1) Check the level of the coolant in the radiator and correct if necessary. 

(2) Inspect the radiator core for bent or damaged fins and oil or dirt accumulation. 

Check for leaks. 

(c) 250 hour or monthly inspection 

(1) Check fan belts for wear and tension. Adjust or replace if necessary. 

CAUTION: Replace fan belts in sets. A new fan belt will carry most of the load 
when used with an old belt, causing excessive stress on the new belt. 

(2) Refill the cooling system with corrosion inhibitor. 

(d) 2000 hour or yearly inspection 

(1 I Inspect the radiator cap gasket. 

(2) Clean the cooling system relief valve. 

(3) Purge 3nd clean the cooling system. Refill with new coolant mixture. 

(4) Inspect the fan blades and guards for damage. 

(5) Inspect all hoses and hose clamps. Retighten connections if necessary. 

14.3.3 Lubrication System 

Preventive maintenance of the lubrication system will center on the condition of the lubri
cants, the oil filters and the pressure regulating valves. The crankcase must be well ventilated to 
carry away fuel and water vapor which might condense into liquids in the crankcase and form 

sludge. 

(a) Oils 

(1 I Use the right grade or weight of lubricating oil with the proper additives. 

(21 Use clean containers. 

(3) Use a dipstick to check the level of oil daily. Before checking the level, let the 
engine set for one minute to allow all the oil to drair. back into the crankcase. 
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(4) Chang1 mt recommended intervals but tlke into consideration that service and 
p1.,.t conditions will dictate th frequency of oil change. 

(b) Filtws 

(1) Most l'NnUfacturers recommend changing the oil filter for every oil change. 

Filters .. usu.Hy equipped with a bypass valve which opens when the filter gets 
dogged to prevent pressure build-up. When this happens oil goes directly to the 
engine to prevent oil starvation but this can cwse serious dam391. Change the 
filter before this can happen. Replace with the same type as the original. 

Follow the instruction manual when servicing filters. 

(2) Replace old gaskets and seal rings with new ones. 

(3) After servicing. run the engine and check the oil pressure. Check for oil leaks. 

(c) Cl'llnkC.- ventilation system. 

(1) Service air inlet according to suggestion in the service manual. 

(2) If equipped with a regulating valve. clean or replace. Refer to service manual. 

(3) If equipped with vent tube. remove and clean with solvent at regular intervals. 

(4) Clean the vent tube filter if it has one. 

14.3.4 Air Supply end Exhmust 

The air intake and exhaust system require regular inspection of connections for leakage. The 
air requires frequent examination and servicing to function effectively. 

(a) Int.like System 

(1) Check filter-to-engine connections for tightness. 

(2) Check air cleaner unit for oil and air leakage. 

(3) If the air filter has a rubber dust-unloading valve, check for obstruc.tion by 
squeezing the rubber end. 

(4) Service precleaners according to the manufacturer's recommendations. If the 
unit is expoMd to dusty air, more fequent inspection is required. 

OH-8athC'-n 

Stop the engine before removing the oil cup. Qean the cup if oil h• thickened, 
contlins vmer, or the sediment ii more than 8 mm thick. Remove sediment 
from the bottom of the cup and rin• with clllr fuel oil. Use the recommended 
oil to refill oil to the correct level. 
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CAUTION: Do not u• highly volatile solvents to deen the oil cup. Owerfilling 
the oil cup with oil cm ceuse engine owerspeeding end demege. 

Dry-Type Cleanen 

Empty dust cap daily. 

If equipped with restruction indicator, service when the indicator signals clog· 
ging. The indicator may be faulty, so observe the length of operation and condi
tion. 

The element is cleaned in the following manner: 

Remove dirt by tapping the element against the heel of the hand while rotating. 
For stubborn dirt, direct compressed air to the folds of the element. Blow up 
and down, inside and outside. For oily or sticky contaminants. dip and shake in 
a solution of lukewarm water and filter-element cleaner or comparable non· 
sudsing detergent. Rinse in clean water, shake to remove water and let dry 
thoroughly. Check for damage by putting light inside. Replace even slightly 

dam~ed element. 

CAUTION: Use compressed air with a pr1HSure of 210 kPa ~ !ess. Do not 
direct compressed air on wet element. This can rupture the maten •.. 

Change the element after its specified service life, if it is e. 
dust, or if the gasket is worn or lost. 

(b) Turbocharger 

(1) Check mounting and connections for oil or air leakage. 

(2) Examine crankcase vent for restriction to air flow. 

(3) Run engine at rated speed and listen for abnormal noise. 

A high pitched whine could mean imminent bearing failure. 

.c:ly clogged with 

Peculiar noises could mean a wrong clearance between the turbine impeller and 
the housing. 

(4) Run engine at rated speed and check for excessive smoke. Excessive smoke is 
sometimes caused by faulty turbocharger operation. 

(c) Exhaust System 

(1) Check the entire system for leaks. 

(2) Clean carbon depasiu from the inside of the exhaust manifold. 

(3) Replace the muffler if necessary. 
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14.3.5 Electriai System 

Jl,ttention is given to battery care and the drive belts for the alternator or generator and 

starter motor. 

(a) Battery 

(1) Every 50 hours. 

Check electrolyte level. The level should be above the tops of the battery plates 
and below the bottom of the filter necks. 

Before refilling, check if the electrolyte specific gravity is between 1.215 and 
1.271 a reading that varies by more than 50 (0.050) specific gravity points 
means a poor battery condition. Replace battery. 

Use distilled water to bring electrolyte to correct level. Add water only unless 

the electrolyte was spilled. 

Check hcl~ in caps for obstructions. 

(2) Every 250 hours 

Clean battery posts and cable terminals. If there are heavy deposits on the posts 
and terminals, clean at more frequent intervals. 

~~=~sr.r 11 WATER PUMP 

: / f1 
11 
I 1 

l 
I 
+ 

Fipare 14.1 Typical Radiator and Fan Coolin& System 
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< (b) 

Clean cable terminals by dipping in a solution of one part soda and sixteen parts 
water. Brush this same mixture on the battery posts and case until foaming stops. 
Wash with water and dry with a clean cloth. Connect terminals to the proper 
posts and coat with petroleum jelly or light grease for corrosion protection. 

CAUTION: When deaning the bntery be careful not to allow the solution or 
water to get inside the battery. This can neutralize the electrolyte. 

Alternator, generator and starter motor. 

The drive belts of the alternator or generator and the starter motor require 
periodic inspections. 

(1) Every 250 hours. 

If the generator and starter motor require lubrication, refill oil caps. Avoid over· 
lubrication; failure will result if the generator brushes get wet with oil. 

Check the belt's tension and compare with the manufacturer's specification. 
Replace with an exact duplicate if necessary and readjust tension after a few 
hours of service. 

(2) As required 

Check generator brushes for wear. Brusnes must be replaced if the tension arm 
rests on the brush holder instead of the brush or if the brush is corroded to one
half its former length. If the replacement brush binds in the holder. rub the 
holder with cloth or abrasive and remove dirt. 

REFERENCES: 

1. Higgins. Lindley R., Handbook of Construction Equipment Maintenance, McGraw-Hill Inc., 
U.S.A., 1979. 

2. Know Your Cooling System, Caterpillar Tractor Co., U.S.A., 1978. 

3. Basic Maint1mance: Stationary Engines. Caterpillar Tractor Co., U.S.A. 

4. Course, William H. and Donald L Angii;1, Automotive Fuel, Lubricating ana· Cooling Sys
tems, 6th edition McGraw-Hill Inc., U.S.I\., 1981. 
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EmefllllCY 
maintaMnee 

Brelkdown 

Prnentive 
mainteMnee 

Running 
lminteunce 

Shut-down 
nwintemnce 

Mainteunce 
progrMlllM 

Mainte'*1Ce 
schedule 

Job repott 

Dow mime 

G .. ssary of Mainte••ce Tenns 
Table A.I 

A combination of actions carried out on an itsm to retain it in. or restore it to. 

an acceptable condition. 

Maintenance which is necessary to carry out immediately to avoid serious 

consequences. 

Maintenance organized and carried out with forethought, control and records in 

accordance with a predetermined plan. 

Failure resulting in the non-availability of an item. 

Maintenance carried oui at predetermined intervals. or to other prescribed 
criteria. and intended to reduce me likelihood of a:l item not meeting an accep

table condition. 

Maintenance which can be carried out while the item is in service. 

Maintenance which can only be carried Ol.'t when the item is out of service. 

A list allocating si-;1fic maintenance actions to a specific period. 

A comprehrisive list of maintenance actions and their ir .:idence. 

Record of usages, events and actions r.tlating to a ~rticui.ar item. 

A statement recording the work done and the condition of an item. 

A comprehensive examination and restoration of an item. or a major part 
thereof. to an acceptable condition. 

The period of time during which an item is not in a condition to perform its 
intended function. (It is the time lost during scheduled production or service 
period d&M to the malfunction of the equipment). 

Deciding in advance the jobs, methods, materials. tools, m.chines. labor , timing 
and time required. 

Socrc:e: BS 3811: 1974 MainteMnc:e T""" In Teroc.chnologv. Britllh Standlrds Institution. 
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APPENDIX 11~--------~~-----------------------------------------------------------------------

Decision Guide for the Introduction of 
A Plant Preventive Maintell•ce Program 

Thi!I; section presents the steps which can be followed in introducing a PM program for a 
larg& plant. The steps can be simplified in the case of smaller plants. The materials to follow are 
taken from the artide "Establishing an Effective PM Program" by l.H Anderson. publKhe<.I in the 
Prewmtive Maintenance Guidelir.es, Plant Engineering Library (1983). 

Five specific phases are identified and decision flow chrts corresponding to each phase are 
drawn to provide a quick guide through the sequence of activities. 

,,._ , - Suhability s .. c1y 

The first phase is the "selling" portion of the program. The flow :hart in Figure A.. 1 shows 
the basic steps for determining the need fer a plant preventive maintenanr;e program. 

Step 1. A written statement must be prepared to define the preventive maint~ance 
function for a particular firm. This must be commu'1!Med to all w that t!?ere will be a common 
understanding and recognition of PM work. 

Step 2. Data must be gathered to determine the cosls associated with operatinQ a plant 
without a PM program for the past 2 years. These include downtime and maintenance costs to 
correct ~reakdowns. particularly on units that control production. An estimate of the costs of 
using a PM pras;ram for an equal period of tirr:e must be made and the cost fi~res compared to 
determine the minimum cost of aptimum maintenance. 

Step 3. The outline of a PM plan is formulated based on all information which have been 
gathered and is then presented to management. All phases of the project and all useful data must 
be included. 

Step 4. If management decides to pursue the program, a planni11e committee involving 
key departments must be formed. This committee w!ll serve throucttout all the phases of tie pro
gram although it may later be reduced to a smaller technical group. 

Step 5. 
decision. 

n.e committee should work out plans for the program and ~ubmit 'i.h_ .n for 

Step 6. If the decision is to proceed, the progra"' must have the ~ppc>rt O\ the m..:;ority. 
If the program is weakly supported, it should be stopped or postpOned. 

Step 7. If the majority "buys" the idea, then l:he first ph.e is cor:1pl~!M. and de1ai1ed 
research can be e~rried out. 
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Research is an essential phase and requires a tho~ an<i c.eful preparation because the 

results will become the foundation on which the PM program will be built. fig\Jre A.2 shows the 
decision flow chan for this phase. 

Step 1. The program committee selects the number of equipment/facilities to be inc!~d-
ed in a pilot PM program. Generally. no more than 5 percent of the 9lant equipmen'i: is considered. 
MainTf!ll8nCe manpower and scheduling of maintenance activities are considtt:-ecf. 

Step 2. Next, a research group is designated to gather rer.ords and available historical 
repair and maintefWlCe data of the selected equipment. A summary of the findings 111d recommen· 
dations is submitted to the program t'.ommittee. 

Step 3. The panel decides on the extent of the preventive maintenance work to be done 
on each of the pilot units. The application of PM could mean disassembly of the machine, or rc
,..;~.:•~t of all pans, or replacement of just the wom-oot and broktn p1rn. or m3y oonsist of 
cleaning and lubrication only, or just i~'"tion, with no disassembly. Two important factors 
in c!eciding the extent of PM application are the age of the machine and the severity of the service. 
"Middle of the road" decisions are usually found best in this case. 

,..,. __ . 
.;nc~-.. 

rN'f then be asked tc assign qualified manpower for the program. If penonnel ore inadequate. 
recruitment must be done. 

Step 4a. An alternative to hiring ~itiorlal manpowar is adjusting the program, like redu· 
cing the number of pilot equipment. 

Step 5. The PM team for the pilot pw~}fdm is nl'.lW formed and traim!d. They must be 
able to understand the PM program. They must also acquire the additional skills necessary, includ· 
mg t'1" use o't requi"ed tools and ;e~ imcruments. 

Step5. All data previously gathered an~ pertinant records likt manufacturers' instruc· 
tion manJal~ ;ire coms;;iled. All part\, materiali, toois and inst~uments are C1Ssembt&d for an orderly 
PMv1:>rk. 

Step 7. 
team. 

A '1'°•0"0Ugh study of maintenance costs in the r«t is undertaken by the PM 

Step 8. Next, a reiiable estimate of t:ie cost of the PM progrnm must be ~one using, if 
possible, maintenance time star.darJs. 

Step9. With costs determined, it can be seen whether tM introductior. of a PM program 
will provide substantial savings. 

Step 1\). If substantial savings cannot be reali2ed, it must be determine( ·iuhether the PM 
program could result in better product quality and/or greater output which could onset any losses. 

Step 10a. If the PM program cannot bt expectld to provide savings nor improve product 
quality/qu1ntity, the planning CM1mittee will h•• to decide whether to halt the project or to 
continue. A re-evalu1tion of the extent of c.werage may result in an economically justified pro
gram. 
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Step 11. If it is found that better product quality/quantity can be gained. the program 
committee must list down equipment prioriti~s. 

Step 12. At this stage. the program committee must set the time period that the :>rogram 
should be in effect. A full maintenance cycle must be completed in order to have a fair 
evaluation of the initial etfort. 

Step 13. At the end of the first maintenance cycle. the planning committee condueb the 
evaluation and decides if the program should continue. A unanimous decision among committee 
members is necessary for the continuation of a PM program to be effective. 

Step 14. At this point. the research phase is completed. A decision to continue the PM 
program should mean a commitment to design the full-blown preventive maintenance system. A 
qualified PM program supervisor then has to be designated. 

Ph .. 111 - Designing the PM Progqm 

Once research has been completed and <k!cision is made to proceed with designing the PM 
program for the plant, tf'te management planning committee may be reduced to a smaller group 
comprising representi:tives from key departments. 

Figure A.3 shows the decision flow chart for Phase UI. 

Step 1. The PM supervfaor should now enlarge the team membership to include a sub-
group which shall develop the overall PM prOIJram. It is essential to have a capable estimator/ 
planner who is well-versed in the use of maintenance time standards and/or engineering perform
ance standards. If no qualified estimator/planner is available, a consultant may be hired. 

Step 2. Information/records on all equipment and facilities in the plant must now be 
collected and studied. The analysis of the equipment records should result in a determination of 
the extent of plant-wide PM work to be established. 

Step 3. The planning panel determines (1) who will be responsible for scheduling units 
for PM and (2) how to schedule the units. This task can be done by the plant engineer, a mainte· 
nance planner/scheduler or a consultant. As to scheduling, it may be best to contact each depart· 
ment so as not to disturb production v.1'lrk. 

Step 4. The panel should now draw up the record~keeping system for the PM plan. It i' 
important to determine what records are to be kept, how and where to keep them and who will be 
responsible for compiling these records. 

Step 5. If a compiJter h available, it may be used by the maintenance department. The 
other options are to buy, rent or lease a computer. Otherwise, the manual system of PM control 
must be used. 

Step 6. 
planning team. 

If a computer is to be used, an EDP programmer must be assigned to the PM 

Step 7. Property or accounting numbers should be assigned to all equipment. These 
identification numbers should be used in all references to the equipment to avoid confusion 
involving different units of the same ·.,ype. Equipment locations should also be recorded. For mo

bile equipment, department or erea auignments are given instead of location. 
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Step 8. The sequential schedule of PM activities is es, 'lhlished. Here. several factors are 
considered. such as: number of units involved. extent of PM we. ..i( required per unit. •lumber of 
personnel available. lms of productive time per unit, etc. Manut ... ~rers• instructions should be 
followed as much as possible. particu!arly for critical and expensive romponenu. 

Step 9. The panel should now meet to evaluate the schedule as to total cost and the 
effect on the plant. Nftded changes can be made at this point. 

Step 10. After the panel approves the schedule. a computer program can be p:-epared. 

Step i 1. Before proceeding further. the PM panel shoold now evaluate whether it is morf: 
advantageous to use EDP for the PM program. 

Step 12. If the panel decides not to use EDP. then the option to computerize is aban-
doned. 

Step 1::.. If the decision favors C(l •• lputerization. then the complete computer program 
must be prepared. Historical data are screened and step-by-step maintenance instructions should be 
detailed. 

Step 14. The PM group works out a method of scheduling work assignments and record-
ing cost/time data for the computer. At this point. the PM panel skips to Step 22. Steps 15 to 21 
are for a manual PM system. 

Step 15. If a computer is not available. the manual system is used. Sr-..hedules and record
keeping svscems are prepared. 

Step 16. The record/file clerk of the PM group should sit in on all panel meetings as 
discussion of details will be helpful to him in maintaining the filing system and preparing the 
summary report:. 

Step 17. Same as Step 7. 

Step 18. Same as Step 8. 

Step 19. Same as Step 9. 

Step 20. The records/file clerk. should collect all the historical data and set up the files 
for the manual PM system. 

Step 21. The plant engineer should now outline to the PM team the operating procecJures 
for each equipment. A PM team leader (leadman or foreman) is appointed. The maintenance 
planner should closely work with the PM team leader to ensure that all needed logistics are ready 
before any PM project is started. 

Step 22. The panel must now review the overall program and decide whether to continue 
on to Phase IV. Otherwise. the project is ended. 

Step 23. If the decision is to proceed, the PM program supervisor designated in Step 14 
of Phase 11 should now work on this job on a full·time basis. 
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Ph .. IV - Appnising the Planned Program 

Phase IV consists of putting the plan into a test operation at a scaled-down basis in order to 
determine the workability of the entire program plan. Figure A.4 shows ~ flow chart for this 
phase. 

Step 1. The PM team should now determine the most critical and troublesome equip-
ment of the plant. 

Step 2. The planning committee/panel selects from this list the equipment, comprising 
around 10 percent of the machines in the plant. to be included in the test phase of the program. 
The compiled historical data will serve as a basis for this selection. 

Step 3. The equipment selected should be identified by account number and location. 
All maintenance/production personnel must be provided copies of this list. 

Step 3a. If EDP is used, computer cards should be prepared for the designated units. In 
a manual system, the maintenance planner should prepare and submit the work orde~ to the PM 
telfll leader. 

Step 4. The PM team leader, the maintenance planner and the program supervisor should 
now examine the historical data and determine any peculiar mainter.ance problems 

Step S. The PM schedules for the selected machines should be established and strictly 
followed. The time evaluation cylce must also be set, allowing time for approximately half the 
machines to be given at least two periods of PM work. A maximum of 6 months is recommended 
for the cycle. 

S~p 6. The maintenanet: planner and PM team leader should ensure that the needad 

tools, spare parts and materials are available well ahead of the scheduled PM activity. 

Step 7. The actual PM work for the test pilase is now performed. Announcements are 
made prior to scheduled machine shutdowns and the actual maintenance activity is done with 
a minimum of delay. 

Step 8. PM hours and cost data are recorded after each PM work, updating the historical 
data. A summary and analysis of the data are submitted to the PM pr~ram supervisor and the 
plant engineer. 

StfrP Sa. In a computerized system, the equipment cards on which data h~ve been record· 
ed are returned to EDP. 

Step 8b. A computerized data summary and analysis are issued for --.II the equipment in 
the test program. These data, which include downtime cosu shall be used for the evaluation of 
the test program. 

Step 9. The PM program wpervisor should now present the resulU of the test program 
to the panel. lhe panel discussion should evaluate the program as to total cost and overall effect. 

Step 10. If the resulu are satisfactory, the program may be continued. If not, it could 
spell the end of the proiect. However, every effort must be made to salvage the program, consid· 
ering that much money would have already W.n spent. 
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Step 11. The panel should now discuss the expansion of the program to include approxi· 

mately 50 percent of the equipment. 

Step 12. The extent of equipment coverage is determined and announced to all depart-

man\.. .:oncemed. 

Step 13. The panel meets with the program supervisor to discuss anticipated problems 

for the expanded program. Additional manpower may be needed. 

Step 14. The panel now discusses program scheduling and reporting. PM time allotments 
and cyclic intervals for each equipment are designated. Information and reports to be supplied to 

each department are determined. 

Step 15. The plant engineer, PM program supervisor, maintenance engineer, and PM team 
leader must agree on the shift for PM work. Normally. the third shift is used because less interfe-

rence is anticipated. 

Step 16. The panel must provide for a system of monitoring the program. This includes 
inspection of equipment and PM work to ensure compliance with PM ~ork orders and maintain 

quality workmanship. 

Step 17. Qualified inspectors independent of the involved departments must be designat-
ed to do the system monitoring. In manv plants, there is a quality control/inspection department. 
Inspection reports must be submitted to the program supervisor for evaluation or correction. 

Step 18. The panel now reviews the reporting system to see whether paperwork can be 

minimized. 

Step 19. The program supervisor $hould prepare a forrnal written procedure for the pro-
gram. The final draft must be approved by the plant engineer and the facility manager. 

Step 20. A budget for the total pr<'(Jram should be prepared usi;ig the data from 
the test phase as basis. To ensure accurate CO!. •ata for analysis and control, PM funds should be 

kept $8parate from other maintenance budget accounts. 

Step 21. If EDP is used, the budget and accounting data are put into the computer 

program. 

Phase V consists of putting th!s program into operation using 50 5)8rcent of the machines 
in a plant. This should provide rtSU'ts to be used as basis for final du:ision in establishing an effec· 
tive full-scale preventive maintenano: program. The decision flow chart is ;hown in Figure A.5. 

Step 1. Copies of the compl~ted PM gtwdule should be distributed to all departmimts 
inv~lved. This schedule indicates the dates and time periom of downtime and PM activities for 

each equipment. 
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Ste? 2. If a computerized system is used. EDP cards are issued for all units covered by 

PM work. 

Step 3. The maintenance planner must ensure the availability of materials for PM work 
on each unit as per schedule. The prcqam supervoor and PM tean leader determine the man· 
power requirement and personnel assignments. based on the schedule. 

Step la. If a manual system is used. the maintenance planner should prepare work order 

instructions. The team leader should ensure that act"Jal PM work. time expenditures and material 

costs are recorded. 

Step4. Perform the preventive maintenance work. 

Step 5. Completed work oroers and recorded data should be immediately returned to 
the maintenance planner's offace for review and recording. 

Step Sa. In a computerized system. the unit cards are returned to EDP after review. 

Step 6. For each PM activity. maintenance planning prepares an essential cost data 

report and submits it to accounting. 

Step6a. 
reports. 

If a computerized system is used. EDP issues monthly or quarterly summary data 

Step 7. Maintenance planning should prepare summary reports weekly or monttily. The 
reports must contain pertir.ent historical information and total cost data for the reporting period. 

Step 8. 
findings. 

The program monitor studies the report and compares it with his own inspection 

Step 9. The program monitor should prepare quarterly data reports which he sub.nits 

to management and to the other departments involved. 

Step 10. If EDP is used. the cost and time data are put into the computer data file. 

Step 11. Computerized data summary reports are issued. 

Step 12. The management committee composed of the facilitv manager and the concern-
ed department heads should meet to study possible improvements on the program, based on a 

review of the reports. 

Step 13. At this point, the management committee studies the final report of the initial 
cycle of the PM program and makes the decision on wt.ether or not to contin~ the implementa
tion of the program plan. It should be understood that a higher total maintenance cost could l>e 
incurred during the first cycle, but production should increase because of reduced equipment 
failures. Greater total cost reduction should be anticipated for the second cycle. 

Step ~4. The management panel should now discuss the p95sibility of expanding the co-
verage of the program from the present 50 percent to include more equipment in the plant. The 
benefits as well as the cosu of more PM work, like possible additional manpower should be taken 
into consideration, leading to a realistic assessment of attainable reduction of overall maintenance 
and operating cost. 
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< Sam .. e MecllBlical Work Order System 

A. INTRODUCTION 

The mechanical work order (MWO• system is designed to meet two obiectives: (1) to 

achieve a higher degree of maintenance cost co111:1ol. and (2) to have an effective maintenance 
implementation and evaluation. 

Since the maintenance program will derive its input data mostly from the work order. the 
mechanical work order form was designed to accommod;te .mlitional information. 

This appendix serves as a reference and guide to effectively implement the mechanical work 
order system. 

B. MECHANICAL WORK ORDER NUMBER 

The mechanical work order form numbering has been so arraiged that certain series 
of numbers have been specifically assigned to the different maintenaice and construction areas. 
projects and services. 

1000Seri~ 

2000Series 
3000Series 
4000Series 
5000 Series 

6000 Series 
70005eries 
8000 Series 

Main1mlnee Routine Jobs - MWO Series 

Process Maintenance 
Utilities Maintenance 
OM&SITerminal Maintenance 
Mechanical Shop 
Electrical and Instrument Shop 

Other MWO Series 

Billable Projects/Suspense Account 
Capital Projects 
Services 

C. JOBS REQUIRING MECHANICAL WORK ORDER 

All maintenance works. capital projects. damage, and billable jobs shall be covered 
by a mechanical work order with corresponding account code. 

1. Routine jobs - monthly blanket mechanical work order. 

a. Rotary/equipment routine and PM 
b. Stationary/civil equipment routine and PM 
c. Electrical and instrument routine and PM 

2. M~jor equipment maintenance and repair. 
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3. Shutdown or Turnaround Works - scheduled or unscheduled maintenance and 
repgir of maior equipment. 

4. Capital P:oiects 
5. Billable Projects/Slispense Account 
&. Servm 

D. MEatAN~l WORK O~DER PREPARATION 

1. The mechanical wc.rk order shall be prepared in quadruplicate. Figure A.6 shows a 
sar-ile work order form. For routine repairs. a form such as that showr. In Figure A. 7 
is used. 

a. Original (White) - Action Copy 
b. Duplicate (Blue) - Data Processing Copy 
c. Triplicate (White) - Origi."?ator Copy 
d. Cluadruplicate(Yellow) - MW!> Custodian 

2. Originator (Engineering. Maintenance. and Operations) 

a. Prepares the mechanical work order. 

b. Fills in the description portior. a detailed description or tit14! of the project or 
job. 

c. Fills in the account code and writes date MWO was assigned or requested. 

d. Makes cost and manhour estimatrs. 

e. Writes the job details and location 

f. Determines job priority. inspects and determines job requirements including the 
safety aspects. 

g. Affixes signature amt the date prepared. 

h. Sends MWO to prcper approving authority. 

3. Approving Authority 

a. Approves MWO with cost and manhour estimates not over P10M and whose 
manhour ntimate is 150 or less. 

b. Department Manager - approves MWO with cost and manhour estimates over 
P10M or with manhour estimate over 150. 

c. Sends approved MWO to Maintenance Planning for record and distribution of 
copies. 

4. Maintenance Plenning CMWO Custodian) 

a. Alsigns MWO rx;mber and records in MWO control file. 

b. Distributes copies as follows 

1. Original (White) To maintenance superintendent/ 
supervisor/project engineer for implementation. 
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2. Duplicate (Blue) - To Data Processing through Accounting 

3. Trip!iate (Green) - To originator for implementation 

4. Ckladruplicate (Yellow) - Retain for MWO custodian file. 

5. MWO for Lump Sum Contract 

a. Contract CNnmittee awards to deserving contractor for job implementation. 

b. Department Manager ~'.'!'Jroves MWO. 

6. Maintenance Superintende.•t/Supervisor/Project Engineer 

a. Implement mechanical work order. order material. requisition manpower. pre· 
pare bid specification. award. supervision and follow up to completion. 

b. Signs completion sign-off portion after the job or project is finished. 

c. Returns to Mainten3nce Planning all action copies (White) of all completed jobs. 

7. Maintenance Planning 

a. Records C11nd marks .. CLOSED .. all comµleted Mechanical Work Order (White). 

b. Sends to Data Processing through Accounting for updating tfle MWO anatysis 
run and propet- accounting work to be rlonP.. 

8. Accounting 

a. Implements all nec'!Ssary recording and accounting works. 

b. Seoos to Maintenance Pianning the Monthly MWO Analysis Run (original) and a 
duplicate). Listing of MWO Update5. Returns the original and duplicate copies 
af the MWO for Maintenance P!anning rec:>rd and file. 
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< Maintainability Design Checklist 
Table A.2 

DESCRIPTION RECOMMENDATIONS 

Aa:essibil ity 1. Optimum accessibility should be provided in all equipment 
and components requiring maintenance, inspection, remov-
al or replacement. 

2. A transport window or quick-OJ)'.:r.ing metal cover should 
I be used for visual ins::>ection accem~s. 

3. A hinQec: door should be used where physical acces:; is re-
quired (instead of a cove!" plate held in place by screws or 
other fasteners). 

4. If lack of available space for opening the access prevents use . of a hinged openinf!. a cover plate with captive quick-open 
ing fasteners should be used. 

5. When a screw-fast~ned access plate is used, no more than 
four screws shoutd be used. 

I 6. On hinged access doors, t~te hinge should be placed on the 
bottom or a prop provided so that the door will stay open 
without being held if unfaste.1ed in a normal installation. 

1. Parts should be located so that other large parts which are 
difficult to remove do not prevent acces!o to chem. 

. 
8 . Components should be placc..-d, so that there is sufficient 

space to use test probes, soldering irons, ar.d other required 
tools without difficulty. 

9. Un;ts should be placed so that structural members do not 
prevent access to them. 

10. Components should be placed 10 that all throwaway assem-
blies :>r parts are accessible without removal of other com-
ponents. 

11. Screwdriver ·operated controls should be located so that 
when controls are adju~ted, the handle will clear any ob-
struction . 

. 
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Accessibility 
(Cont'd) 

Cont. (Table A.2) 

12. Enough access room should be provided for tasks which 
necessitate the insertion of two hands and two arms 
through the access. 

13. The access opening should provide enough room for person· 
nel's ~ands or arms and still provide for an adequate view of 

the work area. 

14. Irregular extensions. such as bolts. tables. and hosei should 
be easy to remove before the unit is handled. 

15. Access doors should be made in whatever shape it is neces· 
sary to permit passage of components and implements. 

16. Units should be removable from the installation along a 
straight or moderately curved line. 

H. Heavy units (more than about 12 kg) should be installed 
within normal reach of personnel for purposes of replace· 

ment. 

18. Provisions should be made for !>UOport of units while they 
are being removed or installed. 

19. Rests or stands should be provided on whi::h units can be 
set to prevent damage to delicate parts. 

20. Access points should be individually labeled so they can be 
easily identified with nomenclature in the Maintenance 
Requirement Cards (M RC) and maintenance manuals. 

21. Access should be labeled to indicate what can be reached 
through this point (label on cover or close thereto). 

22. Access openings should be freed of st-arp edges or projec· 
tions which could injure the personnel or snag clothing. 

23. ?arts which require access from two or more openings 
should be marked in order to avoid damage by trying to 
repair or remove through only one access. Double openings 
of thi! type should be avoided wherever possible. 

24. Human strength limits should be considered in designing all 
devices which must be carried, lifted, pulled, pushed and 
turned. 

25. Er.1ironmental factors (1~old weather, darkne-;s, etc.) should 
r,e considered in design and location of all manipulatible 
equipment items. 
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Accessibility 
(Cont'd) 

identification 

. 

Cont. (Tnble A.2) 

26. The same type fasteners should be used for all access 
openings on a given equi~ment. 

27. Ventilation holes with screening of small enough mesh 
should be provideo to prevent entry of probes or conduc
tors that could inadvertently contact high voltages. 

28. A combination RFI and moisture proof gasket should be 
provided for each access opening in the enclosure. 

29. Accessibility of external test points should be assured under 
use conditions. 

30. Test points should be grouped for accessibility and conve
nient sequential arrangement of testing. 

31. Each test point should be labeled 'Nith name or symbol 
appropriate to that point. 

32. Test points should be located close to controls and displays 
with which they are associated. 

33. Test points should be located so as to reduce hunting time 
(near main ciccess openings, in groups, properly labeled, 
near primary surface to be observed from working position) 

34. Test points which retain test probe should be provided so 
that personnel will not have to hold the probe. 

1. All units should be labeled - with full identifying data, if 
possible. 

2. Eac~, terminal should bP. labeled with the same code symbol 
as the wire attached to it. 

3. On equipment utilizing color codit'g, meaning of colors 
should be given in manuals arid on an equipment panel. 

4. Color coding shoul1 be consistent throughout system, 
equipment and maintenance supports. 

5. Display and control labels should clearly indicate their 
functional relationship. D!splay should be labelet1 by func
tional quantity rather than operational characteristic~ 
(i.e., volts, ohms, etc.). 
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Identification 
(Cont'd) 

Standc.rdization 

Safety 

Cont. (Table A.2) 

6. Schematics and instructions should be attached directly to, 
or adjacent to chassis fo1 all units which may require 
troubleshooting_ 

1. When SP.lector switches may have to be useci with a ::over 
panel off, a duplicate switch position label shot•ld be pro
vided on the intern:.I unit so tt.at maintenance personnel 
do not have to refer to label on the case or cover panel. 

8. Color codes for identifying test points or tracing wire or 
Imes, should be easily identifiable under all conditions of 
illumination and should be resistant to damage or wear. 

9. Functional organization of displays ~nd controls should be 
emphasized by use of such techniques as color coding, 
marked outline, symmetry of grouping and 1or differen
tial plane of mounting. 

1. Functional interchangeability should exist when~ physical 
interchangeability is possible. 

2. Sufficient information should be provided c111 identificat:on 
plates and within related MaintPnance Requirement Cards 
(MRC'sJ so the user can adequately judge whether two 
similar parts are interchan~ablc. 

3. Parts, faiteners, connectors, lines and r.:;bles, etc., should be 
standardized tr.roughoct the system and, par!icularly, from 
ur.it to unit within t:·1e system. 

4. Interchangeability sh.:>ulcl be provided for components 
having high mortality wherever practicable. 

1. Edges of components and maintenance access openings 
!hould be rounded or protected by rubber, fiber or plastic 
protector!: to prevent per~onnel in1ury. 

2. Audible warning signals should be distinctive and unlikely 
to be obscured by other noises. 

3. Critical warning lightc; should be isolated from other less 
important lights for best effectiveness. 

4. When selecting warning lights, they should be cc,.npatible 
with ambient illumination ievels expected. A dim light I 
will not be seen in bright sunlight, and a bright light may bej· 
detrimental to dark adaptation. _____ _.__ __ 

296 



Safety (Cont'd) 

Cables and Wiring 

Cont. (Table A.2) 

5. On-off fai!~fe circuits should be utilized wherever possible 
to minimize failures without operator knowledge. 

6. Bleeding devii:es should be provided for high-energy capaci· 
tors whi.:h must be removed during maintenance operations. 

7. Struts and latches should be pro•1ided to secure hinged an j 
sliding components against accidental movement which 
could cause injury to personnel during maintenance opera
tions. 

8. Limit stops should be proviclecl on drawers or fold-out as
semblies which could cause personnel injury if not res
trained. 

9. Safety interlocks should be used wherever nec~ary. 

10. Components should be located and mounted so that access 
may be achieved without danger to personnel from electri· 
cal charge, heat, sharp edges and points, moving parts, and 
chemical contzmination. 

1. Cables should be of sufficient iength to provide movement 
of each functioning unit to convenient positions for check
ing and/or to allow free access to cable connectors during 
installation or removal. 

2. All cables should be color coded and both ends tagged. 
Colors should be selected which c3nnot be confused be
cause they are too nec:rly alike or may not be recognized 
because of poor illumination. 

3. Cables and lines should ~ directly accessible to the per· 
sonnel wt.erever possible (net under panels which are diffi
cult to remove). 

4. Cables should be routed so they need not be bent or un· 
bent sharply when being connected or disconnected. 

5. Cables should be routed so they cannot be pinched by 
doors, lids, etc., or so they will not be stepped on or u~d 
as handholds by maintenance personnel. 

6. Cables or lines should be attached to units which can be 
partially removed (chassis on slide racks) and attached so 
the unit can be replaced conveniently without damaging 

the cable or interfering with the securil'lg of the unit. 
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Cable and Wiring 
(Ccnt'd.) 

Connectors 

Controls 

Cont. (Tahie A.2) 

7. The neceuity for removal of connectors or splicing of lines 
should be avoided. 

8. Cable entrances on the front of cabinets should he avoided 
wh~re it is apparent they could be "bumped" by passing 
equipment or personneL 

1. Adjacent so:der connections should be far enough apart so 
work on one connection does not compromise integrity of 
adjacent connections. 

2. Connector plu~ should be designed so that pins cannot be 
damaged (aligning pins extended beyond electrical pins). 

3. Self-locking safety catches should be provided on connec
tor p!ugs rather than safety wire. 

4. Connectors should be designed so that it is physically im
possible to reverse connections or terminals in the same 
or adjacent circuits. 

5. Quick-disconnect devices should be used wherever possible 
to save time and minimize human error which could occur 
in soldering, etc. (fractional-turn, Quick-snap action, press
fit, etc.) 

6. Marking on plugs, connectors, and receptacles should show 
proper position of keys for aligning pins for proper inser
tion position. 

7. Connectors should be located for easy accessibility for 
replacement or repair. 

1. All adjustments should be located on a single panel. 

2. Co!ltrols should he located whert they can be seen and 
operated without disassembly or removal of any part of 
the installation. 

3. Controls should be ph1ced on a panel in the order in which 
they will : ·" normally used. 

4. Control' ,,-:hen used ir a fixed procedure should be num
bered in operational s&quence. 

5. For conctmtric shaft vernier controls, larger diameter con
trol should be used 1 . r the tine adjustment. 
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Controls 
(Cont'd) 

Display 

Cont. (Table A2) 

6. Knobs. for precision settings should have a 50mm minimum 
diameter. 

7. Controls should be labeled with functional statement. 

8. Control position markings should be descriptive rather than 
coded or numbered. 

9. Control scales should be only fine enou~ to permit accu
rate setting. 

10. Except for detents or selector switches. controls should be 
used which have smooth, even resistance to movement. 

11. Selector switches should be used which have sufficient 
spring loading to prevent indexing betwe~n detents. 

12. Spring-loaded pushbuttons should be us::d which require 
no excessive finger pressure. 

13. Tool-operated controls operable by screwdriver or other 
medium size standard tool should be used. 

14. Coaxial knobs should be adequately codoo to avoid confu· 
sion. 

15. Calibration in!l;tructions should be placed as close to the 
calibrating controls as possible. 

16. Adjustment controls should be easy to set and lock. 

17. Visual, auditory, or tactile feedback should be provided for 
all physical adjustment procedures. 

18. Some type of indexing should be provided for adjus~ment 

controls. (It is difficult to remember positional settings 

without some marking. Indexing can ah:o show gradual de· 
terioration in JMrformance as settings change from time to 
time). 

1. All displays 1Jsed in system checkout should be located so 
they can be observed from one position. 

2. On units having operator displays, maintenance displays 
should be located behind access doors on operator's panel. 

3. On units without operator panal, maintenance displays 
should be locaterl on one face accessible in normal installa· 
ti on. 
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Display (Cont'd.) 

Handles 

MOUW'ting 

Cont. (Tabie A.2) 

4. Display scales ~ould be limited to only that information 
needed to make decisi\lns or to take some action. 

5. When center-null t.iisplay are used. circuits should be de· 
signed so that if power fails the indicator will not rest in the 
in-tolerance position. 

6. Numerical scales should be used only when quantitative 
data is required. 

7. Scales should be provided with orily enough graduation for 
required accuracy without interpolation. 

8. A special calibration point should be provided on scale or 
on a separate overlay if edges and midpoint of tolerance 
range are not sufficient for iJCCUrate calibration. 

9. Displays which provide tolerance ranges should be coded so 
both the correct reading and tolerance limits are identified. 

10. Critical warning lights should be isolated from other less 
important lights for best effectiveness. 

11. Counters should be used in which numbers snap rather than 
shift into place. 

12. Counters should be mounted close to the panel so that 
numbers are not obscured by bezel opening. 

1. Handles should be used on units weiltiing over 4.5 kg. 

2. Handles should be provided on smaller units which are 
difficult to grasp. remove. or hold without using compo. 
nents or controls as hand holds. 

:>. Handles should be placed above the center of gravity and 
positioned for balanced loads. 

4. Handles requiring firm grip, bale openings, should be pro
vided at least 115 mm wide and 50 mm deep. 

5. Handles Should be located to prevent accidenf.al activation 
of controls. 

1. Wrong installation of ~nit should be prevented by virtue of 
size, shape, Ind configuration, r.c. 
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Moun:ing (Cont'd) 

Cont. (Table A.2) 

2. Modules and mounting plates should be labeled. 

3. Guides shOllld be used for module installation. 

4. Means should be provided for pulling out drawers and 
slide-out racks without breaking electr;cal connections 
when internal in-service adjustments are required. 

5. Parts should be mounted on one side of a surface with 
associated wiring on the other side. 

6. Easily damaged components should be mounted or guarded 
so they will be protected. 

7. When fold-out construction is employed, parts and wiring 
should be positioned so as to prevent damage by opening 
and closing. 

8. When screwdriver adjustments must be made by touch, 
screws should be mounted vertically so that the screwdriver 
will not fall out of the slot. 

9. Internal controls (switches, adjustment screws) should be 
!ocated away from dangerous voltages. 

10. Screwdriver guides should be provided on adjustments 
which must be located near high voltage. 

11. Parts should be located so that other large parts (such as 
indicator and magnetron tubes) that are difficult to remove 
do not block access to them. 

12. Parts, assemblies, and components should be plaeed so 
there is sufficient space to use test probes, soldering irons, 
and other tools. 

13. All throwaway items should be accessible witt1aut removal 
of other items. 

14. All fuses sh'Juld be located so that they r.an be seen and 
replaced without removal of any other item. 

15. Fuse assemblies should be designed and placed so that 
tools are not required to replace fuses. 

16. Fasteners for assembli~ and subassemblies should be de
signed to or.erate with maximum af ~nl? complete turn. 
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Mounting (Cont'd.) 

Cont. (Table A.2) 

17. If bolts are used. they should require a minimal number of 
turns (less than 10t 

18. When tool operated fasteners are required. only those opera
ble with standard tools should be used. 

19. Guide pins on units and assemblies should be provided for 
alignment during mounting. 

20. When tool-driven ~ must be used, types should by 
used which can be driven by several tools (screwdriver. 
wrench, or pliers, where possible. i.e .• a new head with 
screwdriver slot). 

21. Access cover fasteners of the captive type shouid be used. 

Source: N AVYSHIPS 0967-312-8010 Maintainability Design Criteria H.ndook for Designers of 
Shipboerd Electronic Equipment (<:henge 4). Dapmnment of the Navy. July 1972. 
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\ Pmmtive Mailteila1ce af Rallillg BeOlgs 

1. INTRODUCTION 

Rolling bearings are those type of bearings where the main load is transferred throu9l ele· 
ments in rolling contact. Ball bearings and roller bearings belong to this class of bearings. They can 
be designed to take radial loads, thrust loads or a combination of both. Different types of bearings 
are available as off-the-shelf items throughout the world. Bearings made by different manufactu
rers are interchangeable since their dimensions and tolerances CKe according to standards set by the 
ISO(lntemational Standards Organization). 

The proper use and maintenance of bearir.gs can lead to reduced operating costs. It is neces· 
sary to follow the manufacrurer's recommendations regarding their operation and maintenance. 
Also, they should be protected from contamination. 

2. MOUNTING AND DISMOUNTING OF BEARINGS 

The subsequent performance of a bearing will depend a lot on the way it is mounted. Appro
priate tools should be used to prevent damage to the bearing while it is being installed or removed. 

Some guidelines to bear in mind in mounting and dismounting !:>earings are: 

a. The mounting force should be applied to the side face of the ring which is to have the 
tight fit. The transmission of this force to the other ring through the rolling elements 
should be avoided. 

b. Use only appropriate tools. No force should be directly applied to the bearing with a 
hammer or similar striking instrument. 

c. The bearing, shaft and housing must be free from din and.abrasive particles. 

Bearings are packed with rust preventive inside their wrappers. Most manufacturers employ 
rust preventives which are miscible with petroleum-base lubricants. This compound should only be 

removed if it is contaminated or has hardened inside lubrication holes and oil-mist lubrication is to 
be used. In this case the bearing must be cleaned with kerosene or similar solvent to remove the 
compound. It is also advisable to wipe away the compound from the surface of the ring which is to 
have the interference fit. All tools which will be used should be gathered prior to mounting or dis
mounting a bearing. The bearing ihould be taken out of its wrapper only as the last step. 

2.1 COLD MOUNTINGS 

The following procedure applies to the cold mounting of bearings of 100mm (4 in) bore and 
smaller, and for all shielded and sealed ball bearings. 

(a) Put on a film of light oil on the surface of the ring to be force-fitted and on the seat of 
the shaft or housing. 
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(b) Use fixtures to spread the mounting force on the side fKe of the bearing and on the 
ring which will have the tight fit. Pipe tubing of suitable size and a flat plate will suf
f"ice as illustrated in Figure A.8. 

(c) Apply the mounting force with a hammer or an arbor press to the fixture. not directly 
to the bearing. The force should be applied uniformly to avoid cocking the ba-aring on 

the shaft. 

2.2 TEMPERATURE MOUNTINGS 

Another method of mounting open straight-bore bearings of any size is to heat the bearing. 
slip it onto its seat and keep it in place until it cools enou~ to maintain a firm hold on the shaft. 
If it is impractical to heat the housing for outer ring fits. the bearing can be cooled with dry ice. 
This should not be practised in humid environments where condensation on the bearing mi9'1t 

cause corrosion. 
The important thing to consider in the hot mounting of bearings is to control the tempera

ture to prevent overheating the bearing. Bearings can be heated with the following: a) hot plate. 
b) temperature controlled oven. c) indu..-tion heater and d) hot oil bath. For the hot plate and 
induction heater. a pyrometer should be used to monitor the temperature. 

The use of a hot-oil bath is the simplest way of heating bearings. For easier control of the 
temperature to prevent overheating the bearing and fire hazards. a mixture of soluble oil and 
water can be used. A mixture of 10 to 15 per cent soluble oil will boil at 99 °C. which is ade

quate for most applications. 
The solution is placed in a tank and heated. A grate is used to keep the bearing off the bot

tom of the vat and to allow contaminants to settle to the bottom. 

Figure A.8 Mounting Using Flat Plate and Hammer 

M~t bearings can be fitted at 99°C. Changes in metallurgical structure will occur at tempera· 
tures beyond 149°C while bearings of 50mm (2 in) bore and smaller should be kept below 121°C. 

2.3 MOUNTING OF TAPERED-BORE BEARINGS 

Tapered-bore bearings are forced up the taper of the shaft by tightening the locknut or 
clamping plate. Self aligning tapered ball bearings are set on the tapered seat and the locknut tight· 
e.ied manually until there is no play between parts. The nut is then tightened one-eight turn more 
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with a spanner wrench. Finally. tile lock..wmher tab is bent into the rut slot closest to a washer 
tab in the tid'itened direction. 

A tapered-bore spherical roller bearings can be fitted more accurately because of its charac
teristics. When the bearing is pushed up the taper of the shaft. the internal clearance (dearance 
between rollers and inner surface of the outer ring) is reduced by the expansion of the imer ring. 
The degree of fit between the cone and the seat is proportional to the reduction of this dimension. 
By knowing the internal dearance of the unmounted bearing and controlling the reduction of this 
clearance as the ge3ring is mounted. a very close fit can be attained. 

Below is the procedure for mounting tapered-bore spherical bearings using the internal 
clearance as a guide to the closeness of fit between the shaft and l!earing and referring to Table A.3: 

(a) Place the unwrapped bearing on a table t<> allow for easy handling. 

(b) Seat th.? lower rollers properly by swinging the inner ring back-and-forth along its 
circumference. 

(c) Oloose a feeler blade of 0.0762 or 0.1016mm (.003 or .004 in.) thickness. Use a thin
ner blade for smaller bearings. (The length of the blade should be longer than the 
length of a roller but less than the width of the inner ring). 

(d) Push the uppermost roller against its ~iding surface and insen the blade between two 
rollers and the o-.Jter ring. 

Table A.3 Cleannce for Drmng a Spbaical Roller Bearing on a Tapemt Seat 
(Values in mm) 

R1du~ill .... ...,..1 i!ja .... dll I ... .......... - ...... a. •• _.., ............ d••••• 
<>-- Incl ... - NOllllll C3 C4 

40 50 O.o:z54 0.0306 0.0203 OJJ306 0.0608 

50 85 O.G306 O.G381 O.o:z54 o.ons Q.0836 

85 80 O.G381 O.o&OB O..G264 OJMO& 0.0712 

80 100 O.G457 O.ol35 O.o361 O.o&Cll 0.0782 

100 120 O.o&Cll 0.0711 0.0608 O.Cll36 0.1078 

120 140 0.0636 o..- 0.0658 O.G712 0.1143 

140 180 0.0712 0.1018 O.oo&68 0.0888 0.1270 

180 200 0.0888 0.1270 0.0711 0.1018 0.11161 

200 226 0.1011 0.1317 0.0782 0.1143 0.1778 

225 250 0.1143 0.1524 0.0888 0.1270 G.2032 
260 280 0.1143 0.1161 0.1011 0.1317 0.2151 

280 310 0.1270 0.1905 0.1082 0.1524 0.2413 

315 3H 0.1524 0.21li& 0.1114 0.1161 0.2540 - 100 0.1161 0.2288 0.1270 0.1905 0.2121 

400 4&0 0.2032 0.2117 0.1270 0.2032 0.3CM8 

4liO IOO 0.2118 0.2714 0.1851 0.2281 0.3421 
No9: .......... _,,., ........................... , ......... ...,.. .......... . 

lourW: Hlaillftt, 1.111119\t "· HillclMloll of Coi• alllon ..... .,... Mllo:•u•, ...a-... lllC., U.l.A., 1t11. 
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(e) Slide the blade along the circumference of the outer ring toward the top be•ing. The 
blade should pass between the tap roller and the imer surface of the outer ring. 

(f) Repeat this steP with blades of increasing thickness until a blade cannot pass. 

(g) Position the blade at the juncture of the tap roller and the outer ring raceway. Grab 
the lower portion of the inner ring with the other hand and gently roll the top roller 
under the blade. Swivel the blade and pull it out. 

(h) Repeat the above procedure with a blade .254 mm (.001 in) thicker and proceed until 
the blade cannot be pulled out. 

The internal dearance of this roller and the outer ring is the thickness of the second to 
the last blade inserted. 

(i) Rest the bearing on another position along iu outer surface and using the same meth
od, measure the dearance over different rollers. 

(j) Do the same for the other set of rollers. 

(k) Take note of the unmounted internal dearance and refer to Tabte A.3 for the recom
mended reduction in internal clearance. 

(I) Position the bearing on iu tapered seat and assemble the locknut. 

(m) Force the bearing up the taper by tightening the locknut against the bearing with an 
impact type spanner wrench until the internal clearance is reduced to the value in 
Tab!e A.3. 

figure A.9 Hydraulic Injection Through Shaft 
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TC HYDRAll.JC PUllP 

Figure A.to Hydraulic Injection Through Hydraulic Nut 

2.4 HYDRAULIC MOUNTING 

The most efficient method of mounting tapered-bore bearings and which requires the least 
amount of driving force employs the injectio:1 of hydraulic fluid between the surface of the inner 
ring and the shat: seat. The hydraulic fluid can be pumped into the fie through a ho!e drilled 
into the end of the shaft (Fig. A.9), or through a hydraulic nut (Fig. A.10), for large sleeve mount
ings. 

The bearing is driven up the uoer jusc to provide some grip. The hydraulic pump is connect
ed with t.he appropriate fittings and pressure is built up to 20,680-41,365 kPa (3000-6000 psi). 
This pressure will be sufficient to slide the bearing into piace with minimal torque applied to the 
clamp plate or locknut. 

Manufacturer's instruction:; should be followed when mounting cylindrical and tapered bore 
tapered roll~r bearings. 

3. DISMOUNTING OF BEARINGS 

Different types of tools and pullers can be used to remove a bearing from its seat. If neces
sary, pulleri should be used with the appropriate fixtures to allow removal without damage to the 
bearing. Arbor presses used in mounting bearings can also be used in dismounting. As already men· 

tioned, the thing to bear in mind is to apply the dismounting force to the ring with the interfe
rence fit. 

Hydraulic removal can be employed to shafts with provisions for the introduction of fluid 
between the shaft and the bearing. To remove the bearing, the locking device is moved away by• 
distaw.;e of a~out 6 mm (1/4 in). The hydraulic pump is attached to the fitting (fig. A.11) and 
preHure built up to the same amount 20,680-41,365 kPa used in the mounting. This pressure will 
cause the bearing to spring away from its seat but will be retained by the locking de\;ice. 
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TO !fl'DRAUl.IC PUW 

Figure A. I I Remowl With Hydraulic Pmnp 

Figure A.12 Hydnulic Remonl For Sheve Momting 

TO HYDRAULIC ,UllllP 

Pip• A.13 ~clnalic Remonl For Witlldtawll Slene 
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A puller must be used together with a hydraulic pump when dismounting straight bore 

bearings. This pulier will provide the axial force needed to lift the bearing from the shaft. 
larger sleeve mountings can be provided with fixtures for hydraulic removal. For sleeve 

m.:>untings on shafts with no holes for the pumping fluid, the technique illustrated on Fig. A.12 
should be used. A special nut as shown in Fig. A 13 is required for withdrawal sleeves. 

4. LUBRICATION OF BEARINGS 

The most commonly used lubricants for rolling bearings are grease and liquid 0:1. Usually the 
bearing manufacturer specified whether grease or oil will be used and will recommend the specifi· 
cations of the lubricant. 

Below are guides to be used in choosing between oil or grease as lubricants. 

Use oil for the following conditions: 

a. High speeds. 

b. High temperatures (over 93°C) 

c. An oiltight seal can be fitted to the enclosure. 

d. A central oil supply for the whole engine can be adopted. 

e. Grease lubricatior. cannot be adopted for the bf'.aring type. 

Grease lubrication can meet the following demands: 

a. 

b. 

c. 

d. 

e. 

Low speeds 
0 

Low temperatures (below 93 C) 

Need for simple bearing enclosure. 

Need for protection against the entry of dirt and other contaminants into the bearing. 

Need for long intervals between relubrication. 

4.1 OIL LUBRICATION 

Table A.4 can be used as a general guide in selecting oil lubricants for rolling bearings. 

Oil viscosities are usually specified by giving the viscosity rating at a temperature of 38°C 
(100°F) for light oils and 99°C (210°F) for heavy oils. Figure A.15 can be used to get the vis· 
cosity at another temperature. 

Heavy oils with high viscosities at the operating temperature should be used for very low 
speeds, (less than 10 rpm). It is advisable to consult the bearing manufacturer for these conditions. 

4.2 GREASE LUBRICATION 

The recommendations of the National Lubricating Grease Institute (NLGI) for two types of 
rolling bearings are showr. in Table A.5. 

For grease lubrication, the supply of grease must be replenished at regular intervals. The 
spacing of these interval' will depcmt1 on the ~aring size, operating speed and temperature. Table 
A.6 li~ts the recommended time between intervals for different bearing speeds and sizes. These in· 

0 
tervals are to be used for temperatures below 71 C. 
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Table A.4 Oil-Lubrication VBCOSity for Rolling Bearinp 

m2 /S(1t40°C) 

Bearing bore. Bearing speed, rpm 

mm 

4-7 
10-20 
25-45 
50-70 
75-90 
100 

Source: 

10.000 3,600 1.800 600 

0.68 1.50 2.20 
0.32 0.68 1.50 2.20 
0.10 0.68 0.32 1.50 
0.07 0.22 0.68 1.50 
0.03 0.10 0.22 0.68 
0.03 0.07 0.22 0.68 

Mark's Standard Handbook for Mechanical Engineers. 8th ed. 
Theodore Banmeister et. al. eds. McGraw-Hill Book Co .• U.S.A. 1978 

Table A.S Recommended Grades of Greases for 
Diffen:nt Types of Rolling Bearings 

Bearing Type 
Consistency Worked 

(Grade) Penetration 

Ball bearing 2 265-295 

Roller bearing 0 355-380 

I 310-340 

Source: Higgim, Lindley A. Handbook of Construction Equi~ment 

Maintenance, McGraw-Hill, Inc., U.S.A., 1979. 

50 

4.60 
3.20 
3.20 
2.20 
2.20 

Below is the recommended procedure in rel•Jbricating bearing enclosures provided with 
grease nipples. 

(a) Use the same lubricant as the original. The contamination of one grease with anothu 
will reduce its lubricating properties. 

(b) Clean the grease nipple with the appropriate solvent. The solvent should not get into 
the cavity. 

(c) Remove the lubrication fitting cover. 

(d) If provided with drain plug, remove the plug and clean the drain cavity. 

(e) Fill the grease gun with the required quantiw or calibrate to get the delivery ratt. 

(f) Put the re'luired quantity or until t:ie greM comes out of the dr;ain cavity. 

(g) Run the mech1r1ism until the excess grease c<.mes out of the drain cavity. 
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Table A.6 G~ Relubricatioo lntenals for Ball 8earinp 
(hours of OIJC&ation) 

Bearillfii Sl)eN, rpm 

Buring bont, 
mm 5,000 3,600 

10 8,700 12,000 
-

20 -' 5,500 8,000 ~ 

30 4,000 6,000 

40 2,800 4,500 

50 3,500 

60 2,600 

70 

80 

90 

100 

Note: DiviGe by 2 for cylindrical roller bearin111. 
Divide by 10 for s;iherica! rol~r beari:igs. 

Sourte: Man:ks' Handbook for Mechanical Engin91rS. 8~1\ ed. 
Theodore Banrr9ister, et. el. eds. McGrew-Hill Book Co. 
U.S.A. 1978 

1,7SG 

25.000 

17,000 

13,000 

11,000 

9,300 

8,000 

6,700 

5,700 

4,800 

4,000 I 

1,000 

44,000 

30.000 

24,000 

20,000 

18,000 

~6.000 

14,000 

12,000 

11,JOO 

10,000 

I 

200 

220,000 

100,000_ 

127,000 

111,000 

97,000 

88,000 

81,000 

75.000 

70,000 

66.000 

(h) Operate the mechanism and check J the temperature rise is within bounds. 

Use the following procedure when replenishing graase in a hand-packed bearing. 

' 

I 

(a) Dismantle the bearings assembly and wash in clea!'l kerosene, degreasing agent or simi

lar solvent. 

For stubborn sludge or hard grease, use caustic solution to removi:?, or better still, soak 
the bea6ng in light mineral oil warmed to 54°C. De. nat use chlorinated fluids. 

(bi Wash in clean light mineral oil, preferably< one with corrosion inbibitor. Oo nc,t spin 
the bearing before or during the oiling. 

(c) Use finger~ to force the grease into the spaces between the r\)lling f>le:n,;nts. The 
bearing<... .1 be dismantled, if possible, for ease of refilling. 

(d) After the cavities are completely filled with grease, spin the bet.ring l'ly t and and wipe 
out any excess grease. 

The spaces between the bearing should then be ~.~If filled with gre~. Oo not overlu· 
bricate. 

5. TROUBLE SHOOTl~G OF ROLLING BEARINGS 

A guide to be&ring troubleshootinQ is conbiined in this Sf~tion. The compl&int, the probable 
cause of the problem anti prac..\ical solutic.ns are tabulated fr.r ;;asy reference. 
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Common bearing complaint~ are classified !nto five grouos: 

Overheated Bearing 0 

0 

0 

0 

0 

Noisy Bearing/Excessitte Vibration 
Loose Bearing 
Unlubricated Bearing 
Hard-turning Shaft 

Each table is headed by a typical complaint which c.an lead to bearing failure. The first 
column lists the probable cause of the problem and the second provides a practical solutio'l. 

Table A.7 Overheated Bearing 

Probable Cause Practical Solution 

1. Inadequate lubrication Adjust oil-cup height maintaining oil level at center 
of lowest ball or 1 oller. 

Fill grease housing 1 /2 to 2/3 full. 
Clean oil holes, filters and vents. 
Use correct type of oil or greasr:. 

2. Excess;ve churning of Use lower-viscosity oil. 

lubricant Lower level of oil to center of bottom ball and roller. 
Fill grease housing 1/2 full. 
Use oil mist. 

-
3. Inadequate internal Use bearing with additional looseness. 

..:learance Provide allowance for differential thermal expansion . 
Reduce interference of shaft and housing fits. 
Correct any housing out of roundness or warping. 

4. High seal friction Stretch felt or use reduced spring tension with leather 
or composition seals. 

Lubricate seals. 
Switch from rubbing seal to low-clearance shield. 

5. Excessive preloading Use shims or gaskets to relieve axial preload with 
opposed pair or with two held bearings on a shaft 
subjected to thermal expansion. 

Change design to use only one "held" bearing. 

6. Spinn!ng outer ring Use closer housing fit. 
Use steel insert in soft aluminum housing. 
Use garter spring or rubber holding ring. 

7. Misalignment Get shafts and bearings in line by shimming pillow 
blocks, housing or machines. 

Realign bearing seats and shafts and housing shoulders. 

Source: Basic Line - 5th ed., Petrophil Corporation Philippines, 1982. 
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Table A.8 Vibration or Noay Beuing 

PraNble Ca:• Preclic.I Solution 

1. Using wrong type of oil Oleck rec:ommendation of lubricant supplier. 
or grease A better-fetiding grease or a higher viscosity oil may 

help. 

2. Uick of lubrication (Refer to Table A. 7 -1) 

3. Defective bearing Oleck be•ing for brinelling, fatigue, we•, wobble or 
poor cage. Replace bearing if necessary. 

4. Dirt and other foreign matter Clean bearing housing. 
Replace worn seals and improve seal •rangement. 
::liminate source of dirt, etc. 

5. Corrosion lmprow sealing to !(~out corrosive elements. 
Use corrosion-resistant lubricants. 

6. Excessive internal clearance Use bearing with smaller dearance. 

7. Misalignment (Refer to Table A.7-7) 

8. Unbalance Balance rotor 

9. Housing fit or shaft Build up shaft or bore through chrome plating or 
metallize and regrind. 

10. Improper mounting Avoid brinelling c.-used by pounding of bearing. 
Correct dirty or off-square shaft and housing shoulder 

and seals. 

--
11. False brinelling Isolate machine from platform during idle periods 

by using vibration mounts. 

12. Seal rub Oleck for metal bearing seal or shield rubbing on shaft. 
shoulder or housing. 

Source: S..ic Line - 5th ed. P9trophil Corporation Philippi,.., 1982. 

Table A.9 Loole Bearing 

ProlNlble Caute Prectical Solution 

1. Too large housing bore Buildup bore with chrome plate. 
Metallize and regrind, bore out housing and press 

in sleeve to give proper bearing fit (1 slip fit on 
outside dilfMter usu1Uy desirlble to 1llow for 
different 1xi1I thermal exp1n1ion of 1 shaft between 
two bearings). 

2. Too •mall shift di1meter Tum down shift chrome-pllt• or metalize and regrind 
for proper fit. Retlghten ICl1Pt9r to get firm grip 
on shift . ....... 

~ ·~. . •le Line - 5th Id., P9trophll Corponltlon PhllllPPll'lll, 1982. 
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Tlhle A.10 Loa of Lubricant 

, ........ c.... , ..... S.tion 

I 
I 

1. Le•ing oil on sal Comet oil level to center of lowest ti.II or roller. 
Replace seal; use Oouble-seal am11geme11t with drain 

between. 
Elirnd1ate .. Y unfavorable air flow by proper baffles 

and balancing channels. 

2. Leakage at housing split Use thin layer of gasket cement. 
Replace housing if necessary. 

3. Grease leakage Fill grease housing 1 /2 to 2/3 full only. 
Use channelling-type wease. 
Eliminate any PfesSUre causing air flow thr0191 bearing. 
Keep solvents or water from entering and softening 

grease. 
Replace seals if necessary. 

4. Dry or ca«ed residue Cool oil in external cooler. 
Cool bdring hou;:ng. 
Increase oil flow to promote cooling. 
Use silicone or other high ternpeAture grease. 
If available. use oxidation-inhibited synchetic oil or 

grease. 

Sourm: Ba:C Li,. - 5th .t .. Petrophil Corpoqtion Philippina, 1982. 

Table A.I I Hard Turning of Shaft 

-
ProbableC•• Practical Solution 

1. Too much bearing Reduce interference f1t on shaft or in hous;ng. 
pre load Use bearing with greater internal clearance where heat 

conduction expands shait and inner bearing ring. 
Relieve axial preloading by housing shims with either 

two opposed bearings or two "held" beariniiS on 
one shaft. 

2. Severit seal rub Stretch felt seals to reduce their friction. 
Use reduced spring tension on leatt.er c:.r composition 

seals. 
Scrape out inside diameter of rubber S"?als. 
Use shield with clearance on the shaft. 

3. Corrosion (Refer to Table A.8 · 5) 

4. Dir: (Refer to Table A.8 · 4) 

5. Lack of lubrication (Refer to Table A.7 · 1 and Table A.10) 

6. Wroog type of lubricant (Refer to Table A.8 • 1) 

7. &ar!ng pind'li~ or Sec.op housir1g bor• to relieve pinching. 
cocking Replgce or remac:hine warped housing. 

Check bearing seals for possible 'IOOrce of cocking 

Sourm: Belie Line -- 5th ed., Petrophil Corpo:'etion Phllippi1111, 11182. 
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Main Type 

Acid neutralisers 

Anti-foam 

Anti-oxidants 

Anti·rust 

Anti-wear agP.nts 

Corrosion inhibitors 

Detergents 

Dispersants 

Emulsifier 

Extreme pressure 

Oiliness 

Lubrication and Corrosion Data 

Table A.12 Types of Adclitifts for Lubricating Oil 

Functior. and sul>-types 

Neutralise contaminating strong acids formed. for example, by combus· 
tion of high sulphur fuels or. :ess often, by decomposition of active 
EP additives. 

Reduces surface foam 

Reduce Jtid.,tion. Varioos types are: oxidation inhibitors, retarders, 
anti-catalyst metal deactivators, me<al passivators 

Reduces rusting of ferrous surfaces swept by oil 

Reduce wear ana prevent scuffing of rubbing surfaces under steady load 
operating conditions; the nature of the film is uncertain 

Type fa) reduces corrosion of lead; type fb) reduces corrosion of cuprous 
metals 

Reduce or prevent deposits formed at high temperatures. e.g. in ic engines 

Prevent deposition of sludge by dispersing a finely divided suspension of 
the insoluble material formed at low temperature 

Forms emulsions; either water-in-oil or oil -in-water according to type 

Prevents sr.uffing of rubbing surfaces under severe operating conditions. 
e.g. heavy !.hock load, by formation of a mainly inorganic surface film 

Reduces friction under boundary lubrication conditions; increases load
carrying capacity where lim:ted by temperature rise by formation of 
mainly organic surface films 

Pour point depressant Reduces pour point of paraffinic oils 

Tackiness Reduces loss of oil hy gravity, e.q. from vertical sliding surfaces. or by cen-
trifugal force 

Viscosity index (VI) RP.duce the decrease in viscosity due to increa~ of temperature 
impro•1ers 

Source: Bailey. Charlft A. and Aarons, J.F ., The Lubrication Engineer'1 Manual, U.S. StMI, 1971. 
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Table A.13 Types of Additift Oil~ for Various Types of Machiaay 

Food processing Medicinal white oil 

Oil hyaraulic Par.lffinic down 
to about 
-20°C. 
ruptnj 1enic 
below 

Steam and gas turbines Paraffinic or 
naphthenic 
distillates 

Stearr. engine 
cylinders 

Air compressor 
cylinders 

Gears (steel/steel I 

Unrefined or re
fined residual or 
hi~ -viscosity 
distillates 

Paraffinic or 
naphthenic 
distil:ates 

Paraffinic or 
naphthenic 

Gears (steel/bronze) Paraffinic 

Machine tool Paraffinic or 
slidi!ways naphthenic 

Hermetically sealed Naphthenic 
refrigerators 

Diesel engines Paraffinic or 
naphthenic 

Anti-oxiRnt 
Anti-rust 
Anti-wear 
Pour point 

depressant 

VI improver 
Anti-foam 

Anti-oxidant 
Anti-rust 

None or fatty oil 

Anti-oxidant 
Anti-rust 

Anti-wear, EP 
Anti-oxidant 
Anti-foam 
PO\lr point 

depressant 

Oiliness 
Anti-oxidant 

Oiliness; 
tackiness 

None 

Detergent 
Dispersant 
Anti-oxidant 
Acid neutralizer 
Anti-foam 
Anti-wear 
Corrosion 

inhibitor 

Safety in case of ingestion 

Minimum viscosity change 
with temperature; mini
mum wear of steel/steel 

Ready separation from 
water. good oxidation 
stability 

Maintenance ot oil film on 
hot surfaces; resistance 
to washing away by wet 
s!:eam 

Low deposit formation 
tendency 

Protections a<Jainst abra
sion and SCllffing 

Reduce friction, tempe
rature rise, wear and 
oxidation 

Maintains smooth sliding 
at very low speeds. 
Keeps film on vertical 
surfaces 

Good thermal stability. 
miscibility with refrigerant, 
low flow point 

Vary with type of engine 
thus affecting additive 
combination 

&ouroe: Bellty, Ch8'111 A. and AsON, J.f .• T1w Lubrication E"fln«:1·, "-nu.I, U.S. S•I, 1971. 
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Table A.14 Some Matemls Used a Solid LubricaaCs 

Llyer-lattictl Ctltl1pOtJflds 
Molybdenum disulphide 
Tungsten diselenide 
Niobium diselenide 
Calcium fluoride 

Po/ymets 
PTFE 
PTFCE 
PVF 
FEP 

Metals 
Lead 
Gold 
Indium 

D:her inorganics 
Molybdic oxide 
lead rnon.>xide 

Grlphi1e 
Tungsten disulphide 
Tantalum disulphide 
Graphite fluoride 

Nylon 
Acetal 
Polyimide 
Polyphenylene sulphide 

nn 
Silver 

Boron trioxide 
Boron nitride 

Source: Landsdown, A.A .• Lubric.arion: A Practical Guide ro 
Lubricant Selection, Pergamon P1'11SS, Oxford, England, 
1982. 

Table A. IS VlllCOSity Ranges for Various Applications 

Oil type 

Clock or instrument oil 

Sewing-machine oil 

Motor oil 

Turbine oil 

"General Purpose" household oil 

Hydraulic oil 

Roller bearing oil 

Plain bearing oil 

Gear ci!s: 

Low-speed !IJ)ur. helical, bevel 

Medium-speed spur, helical, bevel 

High-speed gears 

Hypoid gears 

Worm gears 

Open gear lubricants 

Viscosity range (m2/S) 
at operating temperature 

.05- .20 

.10- .25 

.10- .50 

.10-.50 

.20- .50 

.20-1.00 

.10- 3.00 

.20-15.00 

2.00-8.00 

.50-1.50 

.15-1.00 

.50-6.00 

2.00- 10.00 

1.00 - 500.00 

Source: undtdown, A.A., LubriClltion: A Practical Guitn to LubriCllnt S.l«:tion, 
Pargamon Pms, Oxford, Engl1nd, 1982. 

Note: To convert m2ts to cSt, multiply by 100 
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T8111eA.16 1977 Table of SAE Oi Ratinp 

SAE Viscosity mt -18°<: Viscosity at 1 oo0 c 
no. (N-s/m2) Cm2/s) 

Max Min. Max 

Engine oils 
5W 59,840 .038 

10W 119,675 .041 
'2C1N8 478,700 .056 
20 .056 less than .CS3 
30 .093 less than .125 
40 .125 less than .163 
50 .163 less than .219 

Gear oils 

75 155,580 
80 1,033,992 
90 .14 less than .25 

140 .25 less than .43 
250 .43 

8 15W may be used to identify 20W oils which have a maximum viscosity of 2:19,350 N-SJm2 

Source: Landsdown, A.A., Lubrication: A Practical Guide 
to Lt•bricant Selection, Pergamon Press, Oxford, 
England, 1982. 

Note: To convert N~/m 2 to c:P, divide by 47.87 
To convert m /S to cSt, multiply by 100 

Table A. 17 API (American Petrolewn Institute) 
Automotive Engine Service Classification 

ServiCe 
Designation 

IA 

.. 

"'S" -SERVICE STATION ENGINE SERVICES CLASSIFICATION 

API Engine Service Description 

FORMERLY FOR UTILITY GASOLINE AND !:>IESEL ENGINE 
SERVICE. 

SerYI09 ~ of older ........ .,,., IUdl mild conditioftl tNI IM 
.,,-111n ~ by allmpCIUftCl9d Olis Is no1 rwqulfwd. This c1..i
CIMlon i. no I*"',,,_ ,_,~ 81111 oll• in ltti• cawgDty ll!Ould 

not b9 111111 in ""' """" _.... l!lldflca!IY -•Nied by dw 

~-'-· 
F'OR MINIMUM DUTY GASOLINE ENGINE SERVICIE 
ltrWt typlml of oldrf .-itlne ......_ oplm9d undlr 1Uch mlld CDn

clltloN "* °""' ~ prolffllon lllfonlM by compoundiflt Is 
...... oii......., for 111• ~ .._ .... i-' llnce 11191130'• 
.... pnMdld Giiiy 9111'-ff _.militY 8llCI ........._to Oil O•ldMIOn 

~ ................. n.v .,_,., - .. 111111 '"""' ............ 
l!lldf1C911y ·-!did by .... .,..,_-'-· 
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Related Militar1 
and Industry Designation 

Oil widlovt 8ddlt1W ...... die\ 
It l'fl9Y -in pour ettd/or fOMI ..,,_II. 

lnhlbll9d Oil 1--.....,.11. itro

vlclll - -1-o•idlm erMI -i· 
ecuff CllPtbilltiel. 



SC 

SD 

SIE 

SF 

Service 

Designation 

CA 

CB 

cc 

CD 

FOR 19e4 GASOLINE IENGINIE WARAAN'r" llAINTIENANCE 
SERVICE 

~ typlal °' .................. 1 ... ~ *7 ....... ::f _ ..,.._...,._a.a._...,....,....,._ 'tm.,.·-· 
....... eft.ct ..... ._ modllve-..Oill~------
growidl cDlllOl ::f ............... $ _.......,_._ .... 

aarnllion ill ..... ....... 
FOR 1918 GASOLINE IENGINIE WARRANTY MA•ffTIENANCIE 

SERVICE 
~ lypiC9I of_... ....... "' .......... 1910 ....... of-..... _.. ... _lnldts_...,. ........... _ ........ _. 
..... ill 9flla ..... -- -:r.i ..-. Al8o...,....,.., .. _... 
1971 etrd.'flf' ::..r lllOdlls • ..... far I LA I OWwlldJ ill tM _..,._.._Oils ......... dlia .... powoilll- po_._. ............ ._.$ _.,..........._ ___ ... __ 
...... ill ................... ~-~-,.,, 

~ s.llicie Clwif".atio:: SC ... - ...... ..._ AP! ~ 
s.rwka~SC iacwwwu:w....._ 
FOR 1972 GASOLINE BIGINIE WARRANTY llAINTIENANCIE 

SERVICE 
..... typlml ::f ............... in ........ _.. - _ ...... . 
........... .... 1912 .... _.. 1971 ........................ ....... 

--·--· .-r..cilL Oils ....... far 1llis --- ...,,,.._ ...--...... ail Ollidllia::.hill' • ; _ ....... ......._,_ 
............................. oils ...... ":11_....._ •• 
Al't &line S--. Oliillflc:MiDc• SC .-=SD -1 - ............ 
...,_,,, "-•llililMllw il:wwwwwwsdul. 
FOR 190 GASOLINE ENGINE WARRANTY l.WNTIENANCE 

SERVICE 

Slr*9 lfpial ::f ................. in .,_.. _.. ... - tr1ICb 
............. 190 madll Cll*lldnl ....... ....,. _...,_., 
iWWW&DM ..... nuail•M&iW ............ Oil ........ for ... ..W. 
PAM* _,..... olddMian llllllillly e::d ....,_,.. ...u- _.. 
- N1atiw 111 C'lls ""'*" - die ftli:lic:un ,....,._for Ml 
Slr*9 Cnllo:Y SE. n.. o8s .._ pro.idlt ..._.. ............. 
cllpOlils. w ... mrrallo::. Oils_.. All,..._~ SF n,.. 
.. ,... ...... ,.,, s.wiae~SE.so,orsc-·-·=••wMf. 

API Engine Service Description 

FOR LIGHT DUTY DIESEL ENGINE SERVICE 
s.vim 'lfpic8I of dielll mngiMs _... in mild IG lilCldlf.- duty with 
high-quelity tu.ls 8fld ~ly ,,_ includmd gmlDline engina m mild 
anrica. Oils designed fOI' ttiis ~ prcvide pnNCliOn from be8'ing 

corrosiOn Md from ring belt dlposiU in - neiunlly mpirr9d ~ 
........ when using fuels of IUdl qumity thM mew ..__ no _. 
'8QVirwmenU for - 8'ld cMposif ptOtection. They ,_. widelf 1-.:1 
in the i.. 1£140's in.,,......,. unlea llMCifiallf r-1.,ldecl bf Ille 
equipme,· t nwiufecturw. 
FOR MODERATE DUTY DIESEL ENGINE ScRVICE 
5'rvicll tYpical of diesel .,..,_ oper8l8d in mild to......._ duty. bvt 

wiltl '-r-quelitf tu.ls which -iuw - ~ion from -
... deposits.. Occasionelly ... included g9IO!ine ........ in mild ..we.. 
Oils dnigned for this ..,,;cs provide ne_., prowction from barillg 

conOliOn 8'ld from ring belt deposits in - netuqllf -8t.CS d
...g;,.. wi1h higher .,lfur f..ts. Oils • .,_. for this -- ._. 
introdumd ill 1949. 
FOR MODERATELY DUTY DIESEL AND GASOLINE ENGINE 

SERVICE 
ServM:s l'fpical of csrwin 1'91ur.lly mpirat9d, turboctl8rpd or .,_. 

dllrg9d dietll engines opent9d in IOICldenW to -.-duty ~ -
Cllrtain '*""-duty tlllOfiN ..,.;-. Dils dniglwd for this .,,,;m pro
vide prONc:tion from higlM•fllP9'11tur1 dlPOtit• 8fld ...,, .. corrosoon 
in !tine dieal 1ng;,,.. Md ..., from run, COfflllion 8fld ~ 
turw ~in .-oline ....... Thal c;ils _,. inrroduc9d ;,, 1961. 
FOR SEVERE DUTY DIESEL ENGINE SERVICE 
s.mc. lfPical of C9n8in neturlllly ..,;rin.cs. 1urboCll9rgld or .,.,.... 

clw,.cl dinll. •lltlill'IS .....,. highly eHectiVW control of - end depO

sits is vn.i. r,r when uli"I fuels of • Wide r,uelitf r..,.. 111dud1 .. hlfh 
sulfur fuels. Oils ~ tor this •nnm - illtrodumd in 11155 end 
provide proiectiOn from be8rint corrosoon 8fld fron. high-temperinurw 
IMpotrtt in thew dietll •11>J"'"-

St.>urce: CalteK Product Reference GuidlJ, CalteK (Phi11.), Inc. 
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1918 ...._ ~ 115. 
Food ESIE-112C-101-e. ca.-.. 
--.. Gii llM1-11 

1972 .......... ~- Fo:d 
ESIE-M2C101.C. c;...i 11omrs 
Gii 113&11. US lllL-l.-4&152A 

190 IEnlicw .......,__ ....... 
- Senice. Food IESE-112C-
1538. Gecwal llDIDn Gii .. ...... 

Related Military and 
Industrial Specification 

US MIL-l.-2104A 

US MIL-l.-2104A 5u;cllemRttt 1 
119491 

US MIL-L-21048, MIL-L41· 
52ASPICS 

C.t8rDlll8r Suplrior Lubroms 
!Series 31, US MIL·L·2104C 119· 
n1, US MIL-L-451198 
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< 
Table A.18 API (Amaic:an Petroleuru Institute) 

Senice Desifnations for Automotift Mutual T nnsmiuions a..11d Axles 

API -GL-1 

APl-GL-2 

APl-GL-3 

API -GL-4 

API -GL-5 

Spiral-bevel and worm gnr axles and some m3nual transmis$ons under mild service. 

Worm gear axles not satisfied by API - GL - 1. 

Manual transmissions and spiral-bevel axles under moderately sewre service. 

Hypoid gears in normal severe service without severe shock loading. 

Hypoid gears in severest service including shock loading. 

Notes: 

1. The ASTM O 2711-S procedure should be mcxMied per para. 32 whan applied to EP lubricants. 

2. Cleanli~: Must be free from grit and abrasives. 

3. Additive Solubility: Must be filteAble to 100 microns (wet or dryi without loss of EP additive. 

Soun:e: Caltex Product Reference Guide. Caltex (Phils.I. Inc. 
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Figure A. 14 Visc01ity Cllllification Equivalents 

Nota; To conven CST to m2/S, multiply by 100. 
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To conven SUS to stok•, see table A.24, Appendix VII. 
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Metal 

Table A. 19 Ammgement of Metals md Alloys in a Galvanic Series 
Baed on Potential Measumnents in Sea Water 

Steady Potential 
Negative to Sa1Urated 
Calomel. Half Cell 
Volts 

Zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.03 
Aluminum 3 SH ........ · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.94 
Aluminum 61 ST . . . . . . . • • . . . . . . . . . • . . • . . . • . . . . . . . . . • . 0.79 
Aluminum 52 SH . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 0. 76 
Cast Iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.61 
Low Carbon Steel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.61 
Stainless type 430 (active) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.57 
Ni-Resist (20 Percent Ni) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.54 
Stainless type 304 (active) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.53 
Stainless type 410 (active) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.52 
Ni-Resist (No. 0 Percent Ni plus Cu) . • . . . . . . • . . • . • . . . . . . • . . . 0.49 
Naval Rolled Brass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.46 
Yellow Brass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.40 
Copper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.36 
Red Brass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.36 
Compositon G Bronze . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.33 
Admiralty Brass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.31 
90:10 Cupro-Nickle, .8 Percent Fe . . . . . . . . . . . . . . . . . . . . . . . . 0.29 
70:30 Cupro·N:ckle, .06 Percent Fe . . . . . . . . . . . . . . . . . . . . . . . . 0.28 
70:30 Cupro-Nickle, .47 Percent Fe . . . . . . . . . . . . . . . . . . . . . . . . 0.27 
Stainless type 430 (passive) ........................... , . . 0.2~ 
Nickle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.22 
Stainless type 316 (active) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.20 
lnconel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.18 
Stainless type 410 (passive) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.17 
Titanium (commercial) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.15 
Silver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.15 
Titanium (high purity iodide) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.13 
Stainless type 304 (passive) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.08 
Hastelloy C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.08 
Monel Metal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.08 
Stainless type 316 (passive) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.05 
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Tlble A. 20 Elecuomome Force Series (EMF) 

Half cell potentials of metal under standard conciitions. (Standard conditions •re 1 - normal so1:l 
tions of the metal ion at 25°C) - I 

Saturated Copper - copper sulfate electrode, + 0.316 vol~ 

• Saturated Calomel electrode,+ 0.242 volts 

Remarks: 1) Metals above hydrogen will liberate hydrogen from acids. 
21 Metals are anodic to th0119 below them (will corrode in preference to th0'8 below them when 

coupled). 
3) The lower the position of 1 metal in this table, the more "noble" is the metal - i.e. the ; .. 

susceptible it is to corrosion. 

• Consists of mercury electrode c:owred by solution of 1 NKCI seturetad with marcurous chloride. 
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l 

< System of Units 

Symbol 

m 
km 
L 
min 
h 
d 
vr 
a 
kg 
kg/h 

t 

kPa 
J 
kJ 
GJ 
w 
kW 
MW 
kWh 
MWh 
kV 
kVA 
MVA 
Im 

Table A.21 

Ix 
W/m0 k 
W/m2 

W/sr 

Symbols of Units 

Unit 

metre 
kilometre 

litre 
minute 
hour 
day 
year 
annum 
kilogram 
kilogram per hour 
tonne(= 1000 kg) 

kilo Pascal i= 1000 N/m
2

) 

joule 
kilojoule 
gigajoule 

watt 
kilowatt 

megawatt 
kilowatt hour 
megawatt hour 

kilovolt 
kilovolt ampere 
megavolt ampe1~ 
lumen 
lux. (• 1 lm/m2) 
watts per metre kelvin 
watts per square metre 
watts per steradian 
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Table A.22 SI Prefixes 

Nane Symbol Fecter by which the 
unit is muhif»li8d 

exa E 1018 
pet a p 1015 

tera T 1012 

giga G 109 
mega M 106 

kilo k 103 

hecto ii 102 

deca da 10 
deci d 10-t 
Cf!>lti c rn-2 
milli m 10-3 

micro u 10-6 

nano n 10-9 

pico p 10-12 

femto f 10-15 

atto i rn-1e 

Table A.23 Selected Conversion Factors to SI Unit 

US or metric Unit Multiply by To Obt.llin SI Unit 

in 2.54 mm 
slug 14.594 kg 
lbm 0.4539 kg. 
tonne (2204.6 lbm) 1,000 kg. 

cu ft 0.028 ml 
U.S. gallon 3.785,. 10- 3 mJ 

3.785 L 
barrel of oil 
{42 U.S. gallons) 159 L 

Btu 1,055.1 J 
kcal 4.187 J 
hp-h 2.685 MJ 

Btu/h 0.2931 w 
hp 746 y. 

Btu/h - tt2 
3.1525 W/m2 

Btullbm 2.326 kJ/kg 
kC'll/kg. 4.187 kJ/kg 

Btu/ft3 37.26 kJ/m3 

cSt {centistoke) 0.01 m2/s 
cP (centipoise) 4787 N-s/m2 

P'-i 6.8942 kPa 

Table A.24 Conversion of SUS (Soybolt Vr.ivenal Seconda) to stokts 

32 < SUS < 100sec 

SUS > 100sec 
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Directory of Technical Assistance Centers 

National Engineering Center 
University of the Philippines 
Diliman, Quezon City 
Telephone Nos. 922-47-14 

97-60-61/81 Loe. 883 
Contact Person: 

Or. l_eopoldo V. Abis 
Executive Director 

CONDITION MONITORING 

Process Control Systems Contractors, Inc. 

(CONSYSTEMS) 
Am. 605 Cardinal Building 
999 P. Gil Cor. F. Agoncillo Street 
Ermita, Manila 
Telephone Nos. 58-65-84, 50-15-70 
Telex: 65027 ~BMIDC PN 
Contact Person: 

Macarthur B. Monsanto 
Bus. Dev't. Director 

LUBRICANTS AND LUBRICATION SERVICES 

Caltex (Philippines), Inc. 
540 Padre Faura Street 
Ermita, Mar.ila 
TelP.phone No. 521-35-01 
Contact Person: 

Mr. Sofronio C. Pondoc, Jr. 
Manager 
Lubricant Sales and 

Technical Services 

Petrophil Corporation 
7901 Makati Avenue, Makati, Metro Mar.ila 

Telephone Nos. 85-90-61, 85-90·88 
Contact Person: 

Mr. Florecito S. Navarro 
Senior Engineer 
Marketing Technical Services 
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Conservation Division 
Bureau of Energy Utilization 
Merritt Road, Fort Bonifacio 
Makati, Metro Manila 
Telephone No. 87-76-33 
Contact Person: 

Mr. Benjamin P. Lim 
Division Chief 

Uptown Industrial Sales Corporation 
56 Madison Street 
Mandaluyong, Metro Manila 
Contact Person: 

Mr. Perfecto Tan 
Exec. Vice President 

Pilipinas Shell Petroleum Corporation 
1330 Roxas Boulevard, Ermita, Manila 
Telephone No. 521-15-41 
Contact Person: 

Mr. Aurelio L. Fernandez 
Manager 
Marketing Technical Dept. 



CORROSION PREVENTION ANO CONTROL 

Corrosion Engineering Services 
Rm. 319, Carolina Choy Building 
2276 Pasong Ta~o Extension 
Makati, Metro Manila 
Telephones Nos. 815-05-26, 87-97-88 
Contact Person: 

Mr. Wenceslao K. Martinez 
President 

LEAK PREVENTION 

Philippine Packings and Seals Corporation 
3rd Floor, Salamin Building 
Salcedo St., Legaspi Village 
Makati, Metro Manila 
Telephoffi. No. 86-36-55, 87-39-32 
Contact Pt-r~on: 

Mr. Jose Albaniel 
Vice President, Marketing 

INDUSTRIAL WATER TREATMENT 

W. R. Grace (Philippines), Inc. 
Dearborn Chemical Division 
16 Cristobal Street 
Paco, Manila 
Contact Person: 

Mr. Carlo S. Guanzon 
Marketing Manager 

Chemperts Corporation 
705 State Financing Building 
Ortigas Avenue, Mandaluyong 
Metro Manila 

Telephone No. 721-25-98 
Contact Person: 

Mr. Rafael Paguio, Jr. 
Marketing Manager 
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Asiatic Corrosion Control Corporation 
14-A Tuayan Street 
Quezon City 

Telephone Nos. 712-04-45 t.o 49 
Contact Person: 

Mr. Wences!ao F. Aquino 
President 

Hidromac-Dura Asia, Inc. 
89 Buendia Avenue. Makati 
Metro Manila 
Telephone No. 87-69-78, 89-13-45 
Contact Person: 

Mr. Emmanuel Realica 
President 

Mer Chemical La!Joratory and Services 
7 Major S1ntos Dizon Street 
Industrial Valley Subdivision 
Marikina, Metro Manila 
Telephone Nos. 947-52-49, 947-56-43 
Contact Person: 

Ma. Emma C. Ri!-3frente 
General Manager 

Transworld Trading Co., Inc. 
4th Floor, Don Pablo Building 
114 Amorsolo St., Legaspi Villlg6 
Makati, Metro Manila 

Tfl!le~one No. 88-13-26 
Contact Person: 

Mr. Gregorio D. Ti1mzon 



MAINTENANCE SERVICES FOR BOILERS, KILNS AND fURNACES 

ASSISTCO Energy and Industrial Corp. 
Rm. 317 Camlina Choy Building 
2276 Pasong Tamo Extension 

Makati, Metro Manila 
Telephone Nos. 87-24-34, 87-35-07 

89-94-68 

Contact Person: 
F. L Nacino - PME 

Vice President 
Technical Sales/Projects 

Jollar Industrial Sales and Services, Inc. 
Amang Rodriguez Avenue 
Rosario, Pasig, Metro Manila 
Telephone Nos. 947-92-75, 947.93.17 

947-93-67, 47-12-35 
Contact Person: 

Mr. Arnaldo San Jose 

President 

Chester lndustri"5, Inc. 
1622-1626 Felix Huertas: Street 

Sta. Cruz, Manila 
Telephone Nos. 71 l-40-11 to 14 
Contact Person: 

Mr. Ignacio S. Sam 
President c.nd General Manager 

Atlantic Gulf and Pacific Co. of Manila 

Honiron Division 
Tacoma St., Port Area, Manila 
Telephone Nos. 47-19-51, 47-19-71 
Contact Person: 

Mr. Ruben Villanueva 
Manager 

MAINTENANCE SERVICES FOR REFRIGERATION AND AtR-CONDITIONING FACILITIES 

Ameresco Commercial & lndustria• Co., Inc. 
2345 South Superhighway 
Malate, Manil3 
Telephone Nos. 58-69-74, 58-69-80 
Contact Person: 

Ms. Cristina G. Silveo 
Treasurer 

Koldwincb Systems, Inc. 
1639 Dian St. Cor. Rockfeller Street 

Makati, Metro Manila 
Telephone Nos. 87·12-65, 87-98-15 

815-26-14 
Contact Per~on: 

Mr. Oscar S. Lazo 
General Manager 

MAlNTENANCE SERVICES FOR ELECTRICAL EQUIPMENT 

ASEA (Philippines), Inc. 
Km. 20 South Superhighway 
Paranaque, Metro Manila 
Telephone Nos. 828-45-65, 827-40-90 

827-44-17 
Contact Person: 

Mr. Ulf Bergmark 
Manager 
Service and Manufacturing Division 
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Universal Rewinding & Airconditioning 

1933 F. B. Harrison Street 
Pasay City, Metro Manila 
Telephone r·Jos. 58-58-62, 521·57-54 
Contact Person: 

Mr. Reynaldo Y. Viola 
Supervisor 



MAINTENANCE SERVICES FOR DIESEL ENGINES 

Asia Industries, Inc. 
2281 Pasong Tamo Extension 
Makati, Metro Manila 
Telephone No. 87-70-11 
Contact Person: 

Mr. Emesto T. Tongson, Jr. 
VP-Product Service Division 

USIPHIL, Inc. 
146 Pasig Boulevard 
i>asig, Metro Manila 
Contact Person: 

Mr. Joe Dalde 
Technical Services Manager 

Cummins Diesel Sales & ServiCf? 
Corporation of tne Philippines 

Km. 13 South Superhighway, Paranaque 
Metro Manila 

Telephone No. '128-99-84 
Contact Person: 

Mr. Leonardo C. Ulanday 
Technical Services Manager 

MAINTENANCE SERVICES FOR PUMPS AND COMPRESSORS 

Pumps 

Goulds Pumps (Phils.). Inc. 
Natividad I Building 
2308 Pasong T amo Extension 
Makati, Metro Manila 
Telephone No. 88-03-31 
Contact Person: 

Mr. Jun Padolina 
Service Manager 

Cc;mpressors 

Atlas Copco (Ph!lippine3), Inc. 
Km. 15, South Superhighway 
Paranaque, Metro Manila 
Telephone Nos. 828-99-11, 828-10-54 
Contact Person: 

J. P. Meneses 
Service Manager 

MAINTENANCE SERVICES FOA FORKLIFTS AND CRANES 

Forklifts 

Yaletrak (Philippines), Inc. 
3050 F. B. Harrison Street 
Pasa'f City. Metro Manila 
Contact Person: 

Mr. Urio M. Escano, Jr. 
Vice-President - Marketi.1g 

Cranes 

Oku1a-Marsteel Crane Company, Inc. 
6th Floor. JM House (Yabut Building) 
EDSA, Guadalupe, Makati 
Metro Manila 
Te!ei;hone N"5. 85-94-91, 85-94-98 
<.;ontact Person: 

Teresita Medina 
General Manager 

PERSONAL SAFETY EQUIPMENT AND ANALYTICAL INSTRUMENTS 

Manila Machinery & Supply Co., Inc. 
PIFCO Building, 2300 Pasong Tamo Extension 
Makati, Metro Manila 
Telephone Nos. 85-29-61 to 65 

86-78-48 
Contact Person: 

Mr. Ooroteo L. Coronel 
Vice President 

329 




