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1. INTRODUCTION:

The objective of a repair and maintenance service may
be defined as - "To carry out su-h work at the proper time, to
ensure that the production plant is available for the maximum
time for safe, maximum output of acceptable quality product.
It must achieve this at economic cost"”.

In order that the engineering group succeed in this
objective a systematic approach to their task must be adopted.

The wark load must be identified, and evaluated and
work planned, prepared and executed at selected times.

The results of the work done, plant failures, machine
time lost, losses due to "off-quality" production, labour and
material costs should be recorded, critically analysed and
decisions made accordingly.

It is emphasised that a system or method as outlined
here is a tool or aid to management and exists for the purpose
of marshalling engineering skills, management judgment and

resources to the best advantage but can in ro way replace them.




l.Introduction (Cont'd):

The system must at all times receive critical review to ensure
that it is meeting the objectives and redirected or reemphasised

as necessary.

2, DESCRIPTION OF A BASIC SYSTEM:

o taetiranarr e

2.1 The Workload:
First of all it is necessary to establish the work that

needs to be done to service the plant in terms of the objective.
This is maybe known as the Work Load.
The work load is composed broadly of,
2.1.1 Preplanned or Preventive Work.
2.1.2 Minor Jobs.
2.1.3 Breakdown Jobs.
2.1.4 Alteration or Improvement Work.

2.1.1 Preventive Work: The first step in setting up a system

is to prepare a list of all plant and equipment involved.

In conjunction with the list, a flow diagram of the
manufacturing system showing important items oi equipment is
vital and should be prepared. This will be of value in
understanding the importance of each piece of equipment, in
identifying and communicating and assist in many decisions that
will have to be made from time to time.

With the aid of the flow diagram the list should be

broken down into sections, so too may the diagrams, for example:
Machine or Manufacturing Unit Number.
Stock Preparation Section:

Slushing equipment.
Refining equipment.
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2. Description of a Basic Svystem:

2.1.1 Preventive Work (Cont'd):

Wet End of Machine

Formation Section - Vat Mculds or Wire Section.
Press Section.

Pry End of Machine

Dryers

Calenders

Reeler
Finishing Equipment (This may be treated as a machine
unit if common to a number of machines).

Winders

Cutters

Guillotines

A code number is generated for each equipment assembly
location by using a numeral for each machine or manufacturing
unit, a letter for each section, a number for each assembly
and a letter for each duplicate assembly where they exist.

It is emphasised that these code numbers refer to the assenbly
location and where interchangeable pairs are provided. These
carry additionally, an identifying number from a spares list which
is stamped on the frame.

Where there are a number of machines installed, the coding
for sections and assemblies remain the same and only the first
numeral denoting the machine is changed. This simplicity enables
code numbers to be mare easily remembered and understood.

Some items of commcn nature and for which spares in some

degree are provided such as pumps, motors and rolls, are also




2. Description of a Basic System:

2.1.1 Preventive Work (Ccnt'd):

listed separately and given a .2quential list number.

Likewise it is common to identify multiple assembly locations
with an "on the job" number independant of the code number, for
easy everyday use, for example a machine may have as many as eight
Sutherland refirers which could be numbered say for No.2 refiner
of No.l Machine, as Number 12 refiner and 22 for No.2 Machine.
Each would still carry their code number.

An example of the use of the code number and a typical work*
request would be:

"Remove refiner supply pump and install spare at
No.12 Sutherland refiner on No.l Machine".

This could be written briefly and understcod on the Job Card

as:
1A3B - pump No.271 remove.
pump No.273 install.

The code number would be interpreted as:

1 Number 1 Machine.

A Preparation Section.

3 Refiners.

B Number 12 Sutherland Refiner.

271 The number of the particular pump assembly to
be renewed.
273 The number of the pump assembly from spares store
The coded lists are set up in a standard form and issued to
all concerned.
Having prepared the list of equipment to be serviced,

consideration should now be given to the importance of the indiv-
idual item to the process in terms of the objective. Svch



2. Description of a Basic System:

2.1.1 Preventive Work (Cont'd):

questions as,
1. Can it be allowed to breakdown?
2. Will its failure shut down the main production unit?
If so, how soon after?
3. Will it reduce output of the main unit?
4. Will it affect quality control?
5. How severe would be the failure?
Would it be more costly to repair?
Would it be a safety hazard?
Would it immobilize the main unit for a lengthy time?
6. Should it be repaired on site or replaced?
Is the cost of repair economic?
Should it be replaced and repaired later?
Should it be scrapped?
7. How long would it take to repair it?
How long would it take to replace ié?
8. 1Is it necessary to shut the main unit to work on it?
If the answer is that prevention of breakdown is important
from the point of view of,
(a) Machine production.
(b} Cost and effect of consequential damage to itself
(c) safe working,
it should be listed for preventive attention in order of
importance.

These items should be further considered and decisions made
as to the frequency and type of attention.




2. Description of a Bas)c System:

2.1.1 Preventive Work (Cont'd):

This can range from visual inspections, listening, feeling,
measuring, use of available instruments naimely vibrometers,
crack detectors etc., to dismantling all or part, or replacing
with a spare unit.

In general, it is more economical to rely on inspections
where possible rather than embarking on excessive apd needless
overhauls. Experience and judgment are necessary in setting up
this plan and supervising its operation but both of these
qualities are logical developinents of use.

From these considerations also it is possible to derive a
list of spare units it is economic to hold and some idea of
spare parts necessary.

Furthermore, lists of jobs which can be attanded to
"on the run" and those which require a production unit
"shutdown" and length of time of such "shutdown" can be
established.

Having determined the frequency, type of work required, and
next due dates, the information is entered on to a simple
Chartex type card system which serves as a reminder and from
this, job cards are prepared and issued for planning and
scheduling the work, at least one month before the due date.

The job card should carry information as to the Plant
affected, code number, the work required, the due date, the
date of the last inspection and any relevant history, toqgether
with the signature of the authorising officer.

Provision is made on the reverse side of the cerd for a

brief report on the results of inspection, work done, name of
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2. Description of a Dasic System:

2.1.1 Preventive Work (Cont'd):

tradesmren, manhours spent and reconmendations by the Foreman
as tc changes in frequency or method of doing the work. This
card can also be preocecssed for costing as a time sheet us:in:
the code number as a job number.

Relevant and useful information is transferred from the
completed job cards to equipment history cards, or the cards
themsz2lves may be held as a record for a reasonable period.
All work of a preventive nature may be segregated for
records by using a different colour ink or by preceding the

Code Nurber with a "P".

2.1.2 Minor Jobs:

These are, as the name implies, the small items such as

“repair a leaky tap". They are authorised and requested by

a job card signed by the appropriate officer or alternatively
may be, for simplicity, entered on a list kent in the machine
room, by the person reporting the defect. Later the list ic
inspected by the engineering foreman who prepares a job card
and takes the action necessary.

Generally these jobs are done on the spot but in some cases
the job cards are returned to the backlog for review and

scheduling.

2.1.3 Breakdown Jobs:

These jobs which should be reported to the engineering
department on the common job card, are failures of plant and
equipment generally, ranging from very important failures
causing stoppage of production, to comparatively minor effects

of a motor or pump somewhere in the system. The work may

proceed immediately and a card made out during the progress
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INSZECT IOR This means checking the item %+ find out as much as possible about

it without stoppins it or stripping it down.

Things to look for

Noisy bearings - check each beuring with the stethescope

Umisual noise

Umisual vibmtion

Check terperature

Is leakage fron zlams excessive?

Is gland sealing supply OK?

Orive belts, Check tension, wear and alignment. Are all belts on?
Sprockxets and chains. Check wear, tension and alignment.

[ T N D B ]

CLASSIFICATIONS

G = Good - requires no repnir
F = Fair « estinated to last until next inspection
F = Poor - will not last until next inspection
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2. Description of a Basic System:

2.1.3 Breakdown Jobs (Cont'd):
of the job.

This area of work requires very careful analysis and will
be more fully examined later. From the point of view of work
load, much of this work would need to be done immediately,
but some could and would be deferred for planning to the

backlog.

2.1.4 Alteration & Improvement Work:

These jobs are requested by Engineering or Production
Personnel and authorised by management on their merits. They
cannot be considered as a proper charge against maintenance.
However, the job card can eventually be used to authorise the
work required utilising the charge number. Labour and services
are necessary to carry out the work and this contributes to the
work load.

..l The work load may be summarised and expressed practically

'_;s the total number of job card-held in the engineering
department. A rough index of the level at which the Plant
maintenance is held may be gauged from the total number of
backlog jck cards divided by the 10 week moving average of
numbers of job cards completed each week.

A back log of two to three weeks work for a paper machine
is a good level to achieve. It is imperative of course that
the records are true and such things as duplication and

omissions are carefully avoided. The basic information should

be plotted graphically and trends promptly investigated and

acted upon.
In practice it is usual for the back log to be divided into




2. Description of a Basic System:

2.1.4 Alteration & Improvement Work (Cont'd):

a number of groups, usuaily related to a particular engineering

supervisor, this may fall also into trade groups.

2.2 Planning:

The purpose of planning is to bring the work force
effectively to the task , to ensure the work load backlog
i3 controlled and to ensure that the work force is properly
occupied and no waste time of labour, material or machine time
occurs.

Most machines are required to shut down periodically for
operating reasons. Such things as,

Change of making,
Felt & wire changes,
Roll changes,
Calender changes etc.

These items usually have a life cycle pattern for optimum
production and this should be carefully studied in conjunction
with production management and a firm pattern of properly
scheduled shuts derived, which provide both engineering and
production the means of adequate notice for planning their
work.

The engineering department should plan to make use of this
shut time to the maximum extent and deploy as much of its labout
to the machine as possible. It should plan its work as far as
practicable not to exceed the production shut time and by
mutual planning not to impede each other.

The maintenance backlog having been divided into "on the run

work® and “shut down work" a selection of shut down work due is
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2. Descriptior of a Basic System:

2.2 Planning (Cont'd):
made and in consultation with production management a shut
schedule is prepared. This schedule should be agreed upon
at least three working days before the shut down and
distributed to the parties responsible, at least two working
days before the shut, for detailed familiarisation and
preparation by the Foreman.

The schedule usually takes the form of a bar chart on which
are listed,

(a) the job card plant code number.

(b) a brief job description.

(c) the tradesman allocated.

(d) the anticipated time of starting.

(e) the anticipated time of completion

(f) the time steam, power and other services
are available.

It is the foreman's responsibility to see that the work
listed is properly carried out and that the plant is handed
over to production at the scheduled times.

A review of the performance should be made by the Engineer
promptly and any variations considered and dealt with.

A large amount of preparation work is necessary to ensure
smooth functioning during the limited period of the shut down.
This work together with other "on the run” work is done whilst
the machine is still operating.

To cover this class of work a weekly plan is prepared by

the foreman towards the end of the vreceding week from his

backlog and covers,
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ENG. R (9.30 a.n. Day following shut)

yChief Engineer

NEERING SCHEDULED SHUT REPORT
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2. Description of a Basic System:

2.2 Planning (Cont'd):
(a) Machine Shut Schadules.
(b) Machine Shut Schedule preparatory work.
(c) "On the run" work,
(d) Spares overhaul.
(e) Provision for on the spot minor jobs.

It is important at this stage to emphasise that every care
is taken to see that defects are reported promptly and recorded
in the backlog to ensure that the planning done covers all
incipient troubles, which may be known to productién or
engineering personnel. To this end, systematic inspection
and check by operators and maintenance personnel may be
instituted before the schedule is prepared.

With the construction of a schedule it is possible to reach
a degree of commonality on some items for each type of shut
resulting in a standard basic schedule for each.

From the shut schedule manning and consideration of the
backlog, it is possible to form a good assessment of the
range and size of the optimum work force necessary to maintain
the plant.

2.3 Records:

2.3.1 Nature of Records:

Records of work done should be kept but will need critical
review to ensure that they can be used in a practical way in
line with the overall objective.

In particular, they should be able to highlight,

(a) abnormally repetitive work.

(b) repeated plant failures.
(c) high labour or material cost items.
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PGE/CE:3 23rd January, 1970.

c.¢. Operating Engincer
Piant Engincer
Paper Mill Engincer
Board Mill Engincer
Elcctrical Engincer
Control Systems Engineer
Powor Engineeor
Planning Engineer

IEY ENGINEER
RECORD OF WO RK

CATEGORISING OF UNSCHEDULED ZENGINIERING SHUTS

INTO SECTIONS BY SYMBOLS

The following categorics shall be marked against
each Unscheduled Machine Shut of Engineering origin with the
appropriate symbol.

It is intended to analyse the categories and
summarisc the totals for each gsection on a gquarterly basis.

The categories arc as follows:-

CATEGORY SYuBOL
1. Incorrect Planning ) 4
3. Incorrect Design D
3. Poor Instruction or Supervision ]
4. Incorroct or poor Materials N
8. Workmanship v
6. Incorrect Production operation 3
7. Beyond control of iiill v

(e.g. S.C.C. powor failure -
flash flooding)

Upon receipt of a Daily Production Report Sheet the
Bagineer responsible will (if agreeing that the shut is
Engineering) mark the shoet with a symbol as listed above.

e.g. (1) Pump Failed e (M)
(11) Motor PFailed “2* (D)
(411) Motor Flooded "2 (V)

g

Sheet Yo, ©

¢




ENGINEERING DEPATT!.ENT

B N T SERET

To bo 7illed in by Foreman/iesistant Engineer/Section Engineer and re-

turned to Flanning Engineer.

1.

2

‘.
()

(®)

()

(a)

(o)

DESCRIPTION Ui BHEAKDOWJ & DATE

ooooo.ooooooo;;oooooo-ooooooeoo.loco'to.o.ocoocoooooo-000000000000000000000

ACTION AKEN 10 REPAIR
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Is baesic design X7

0 0000000000000 0000000ess 000000000 00:000000000000000000000000000000000000800

Correct materials being used?

Q00000 00000000000t m0s 008 090 000000000005 0000000000800000000000000

lubrication requirements

000 000000000000000¢000000000000000080000s70000000000000000000000000000000080
0000000000000 00000 0000000000000000000000000000000000000000000000000000000
Is Plant suitable for application?

000 000000000000000000000001000000.0000000000000000000000000000000000000000¢

00000 00080000000 000000e0 e0s0 00000000000 000000000000000008000000000000000080

Are molifications required to improve performence, if so action
taken ux estimnted date modifiontions will be campleted.

00000 00000 000000000006 viesescstds snsttttedostiniosonsonossinnicscscecssosesee
0000 0000000000000 00000000000000.000°000000000000000000000000000000000008000

000 000 0000000000000 0000000000000 00000000000000000000000000000000000000000000
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(f) 1s there o written procedure for overhaul/~justments, etc. If not
attach recommended procedure to this report,

0 e e s rcenaoseetecaesoneesenent. a0 e0s0e0e000as vosoas osasesseesessnseeenss
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(g) ™en wee unit last inspected?
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QS0 OO PRNOIST 000000 0000000000000 0000000000008 0000000000000000000000000000000»
(h) Are spares hcldings adequate if not recommendation & action taken
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2. Description of a Basic System:
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2.3 Records:

2.3.1 Cont'd:

(d)

(e)

(£)

(g9)

(h)

(1)
(3)

(x)

(1)
(m)

(n)
(o)
(p)

items that are being "over maintained".

progressive measurements of large wearing items
such as calender rolls, press rolls etc. to give
timely waring of renewal, recovering or regrinding.
the predictions of action thought necessary at the
last inspection.

the movement of spares into production position.

the progress of spares from production position

through various reconditioning phases back to

store.

the backlogs.

the completion rate of jobs.

the progressive manhours - expended on maintenance,

segregated into P.M. and breakdown.

the gross tons of product manufactured.

the value of lost "off quality" production due
to equipment failures.

machine time lost due to plant breakdowns.

on the spot analyses of the cause of breakdown.

scheduled shut time for engineering work.

2.3.2 Use of Records:

The records should be used to,

(1)

(2)

Review and adjust predictions of the period and
nature of plant servicing.

Classify and identify causes of repetitive work
and failure in order to take action to reduce
or eliminate. Some headings which can be used

ara,
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2. Description of a Basic System:

2.3 Records:

2.3.2 Cont'd:

(a) Design of equipment for its purpose and
treatment.

(b) Environment in which it operates.

(c) Materials in use suitable?

(d) Workmanship - is it good enough?

(e) Supervision standards - (good enough?
(adequate instruction
to worker?)

(f) Frequency and type of inspection.adequate?
(g) Training of operators necessary?
(h) Lubrication attention adequate?

From these considerations action to improve design, materials
or environment can be taken or training schemes of specific
nature given to supervisors, tradesmen and operators etc.

Items of high cost may be thrown up and consideration given
as to reductions where possible.

Information from the records also provide the basis for
setting up and reporting on the effectiveness of the repair

and maintenance service in achieving it's objective.

2.4 Measurement of Effectiveness:

The facts of life indicate that human beings become bored
from the steady applications of systems or methods which appcar
endlegs and their intelligent application flags to the great
detriment of the system.

A great motivating power is developed by defining the
objective and measuring the progress to it's target. It is
of great importance to ensure that the objectives are widely

known and in a form at each level to ensure identification by
each, of the part they have played. The indices developed are




-3 -

2. Description of a Basic System:

2.4 Measurement of Effectiveness Cont'd:

valuable to management.

Whatever level of perforr ince may be revealed initially:

it may be confidantly stated that improvementsg, in some cases

vast,

are attainable.

The success or failure of developing the motivation may well

be a human relations problem for management, and is merely

mentioned for a caution in how the system should be introduced.

Acceptance by the participants is most essential.

Daily reporting is necessary of,

(a)
(b)
(c)

Machine time lost duz to plant breakdown.
Machine time lost for planned maintenance work.
Value of "Off quality” product lost due to
properly ascribed equipment defects.

Pericdical summaries should be made weekly, monthly,

quarterly and annually of these items and compared with preset

standards or §argets. They should be reviewed with all persons

responsible for operating the service according to their

specific responsibility.

(d)

(e)

Additional indices should be developed to show
maintenance manhours per gross ton produced and
maintenance cost per gross ton weekly and pro-
gressively. Targets for six months periods should
be set by the engineer and reviewed and approved
by management. Interest and responsibility can te
developed right down the line of organisation by
encouraging discussion in setting the targets.

The backlog ¢f jobs reported and not completed
should be reviewed and the trend considered.
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2. Description of a Basic Svstem:

2.4 Measurement of Effectiveness Cont'd:

(f) Management inspection of the plant for appearance,
housekeeping etc., should also be made to ensure

| that satisfactory standards are being maintained.

3, Stores & Materials:

The purchase and holding of materials and stores for use
by the maintenance and service department may or not, be
controlled by that department. It is necessary however that
as good a service as is practicable should be provided to assic:
good planning and in return, good planning of work can very
materially assist in efficient inventory rontrol and minimising

spares holdings.

The objective of a stores and materials section is to ensure
that goods of the right type and specification are available
at the right time at the minimum total stock holding.

To this end the maintenance depariment should advise the
Stores Department of the anticipated rate of usage, the requirec
specification of quality, material and dimensions etc., and the
time they are required in sufficient time to procure the goods
or to decide to stock them and in what quantities they should
be held. With the aid og‘ﬁaintenance system outlined, mich car
be done by the maintenance group in this direction.

The stores department in particular, apart from achievirg
the best supply position to meet the needs of the maintenance
department, should critically review all stock lines on a

systematic basis to determine that the turnover rate is at a

high enough rate. All slow moving stocks should be referred

to the maintenance department and management to decide whethcr
they should continue to be held.
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3. Storecs & Materials Cont'd:

Some items will inevitably become redundant by scrapping
of plant items, changed methods of operation, improved
materials and even by improved care and maintenance methods,
the numbers of certain pieces required may diminish because
a maintenance problem has been solved.

Some slow moving items may be held for insurance value to
the plant's operation. A critical and ruthless look at this
may bring a decision to take a calculated risk - the cost of
keeping may well exceed the cost of failure, which of course
may never happen. These should be decisions supported by

management.

4. Organisation:

This will depend on the size of the plant and the consequer:
volume of work. The organisational demands increase more thar
directly as the numbers of machines increase due to the conflict
of interest from time to time and planning changes.

The minimum requirement calls for a trained professional
engineer supported as the plant and the need grows, by other
specialist engineers such as power, electrical or instrument
engineers.

Preferentially one foreman should direct the work in the
field for best co-ordination and liaison with the production
group. It also may be necessary to support him in time with
specialist trade foremen such as electrical. instrument, welding
machine shop etc.

For the development and operation of a maintenance control
system as outlined in this paper, it is essential to have a

specialist planner reporting direct to the engineer and
liaising strongly with both maintanance and production
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4. Orgarisation (Cont'd):

supervision. The person suitable for this work would ideally
be a tradesman-foreman type with good and careful clerical
apt‘tudes, the latter being the more important attribute as
training will develop other requirements. He will need to be
able to project himself and be accepted to both production
and maintenance supervisors, and will neeé good backing from
management and the engineer. Practical men such as foremen
have a great aversion to paper work and reporting generally,
and unless this support is forthcoming little may be
accomplished.

Initially the planning and scheduling would be undertaken
by the foreman under the guidance of the planrer and the
engineer. With the growth of the plant it may be necessary
to add to the foremen in the field, in some cases it may be
necessary to increase the number of planners under a chief
pPlanner. 1In these circumstances, it is usual to give the
Planner additional duties to assist the foreman by organising
the details of pPlanning and preparation in plant outage times,
material on site and other follow up, releasing the foreman for

supervision of his men in discipline and work performance.

This represents a beginning and a range of development
but the circumstances current at the plant and management
Judgment must be the final arbiter.

3. CONCLUSION :

The implementation of a system of this type and the close
liaigon of production and engineering staff will provide a
satisfactory means for management to achieve a good level of
maintenance at minimum overall cost. The scheme may be

introduced in part and developed further as required but




5. Conclusion (Cont'd):

sections 2.1 and 2.2 are imperative for any improvement.

The system as described is basic and can be flexibly used

and expanded to suit any particular needs. For instance the
questing mind considering matters thkrown up from the records
will soon find themselves involved in method study for better
ways of doing a job to save machine time and manhours or to
introducing Engineering Per formance standards for work
measurement. These are logical developments from this basic
system and can readily be handled with little extra assistance
once the basic system has been established.

To recapitulate briefly the rules to follow are:-

1. Define the objective.

2. Decide and record the work load.

3. Adopt a preventive approach where economic.

4. Preparc for the work to be done.

5. Plan the work to be done at the most advantageous time.

6. Selectively record the work done, performance and
failures.

7. Critically review the records in terms of the objective.

8. Follow up and take corrective action.
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