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Introduction.

SRR A TR

"Maintainability is one of the parts of the Availability concept. One of the

moet used definitions is

Mainuinabi!iw.

The coinbined qualitative and quantitative characteristics of
cquipment design and installation which eaabio ths accomplish-
ment cf operational objectives with minimum consumption of
maintenance resources, including manpower, personal skill,
test eguipment, tools and aids, technical documentation and
sps.e parts, under operation envirenmental conditions in
which unacheduted and scheduled maintenance will be pere
formed.

The theoretical aspects om Meintainability are handled in & paper by
dr. Jenney, the Availability concept in another paper by mr. Uliman,

This paper will mainly handle the Maintainability concept from the maine
tenance engineers point of view. As the word Maintainability until quite
recently was used by people engaged in design, development and evalus-
tien of defence weapon syatems only, the M concept might be unknewn te
many maintenance engineers in industry and other organisations dealing
with commercial and vivil preblems. With more than 30 years of prace
tical experience as maintenance engineer and maintenance manager withe
in industry the auther is quite convinced that the full understanding of
the Maintainability concept and other related subjects will greatly im-
prove the ability of the practical maintenanc: man ® understand situa-
tions and conditions he has met and will mest in the future. Ho will

alse be competent to participats in the procurement of new equipment,
with higher security of function (less failures) and higher maintainability
{shorter time to repair), by gﬁﬂ—ﬁag recorded experience data {rom




existing equipment. 'I'he maintenance mandger will be able o design better
maintenance syateins, including skilled muanpower, suitable workshop and
toole, technical docuimentation and a well controlled spare part supply,
thereby meeting the demand set by the objectives for a good maintenance
function:
"At a specified production quantity and product quality mini-
mize the cost for the production equipment and maintenance

thereof"

MAINTAINABILITY VERSUS AVAILABILITY

The different expressions used may be a little confusing, specially as there
are different words for the same concept as well as different concepts for
the same word.

In this paper Maintainability is used to describe tha;e qualitative proper-
ties of & system who influence on the amount and quality of maintenance
activities needed to keep the system in or restore itto a specified opera-
tion condilion and which maintenance is supplied by a standard maintenance
organization.

The relation of M‘Maintainability concept to other concepts used in this

connection is
8YSTEMS EFT'ECTIVENESS
or TOTAL MEAN PRODUCTIVITY
or OVERALL RE LIABILITY
or OPERATIVE PER FURMANCE
or DEPENDABILITY
] ’
CHNICAL PERFORMANCE t AVAILABILITY
; or
CAPABILITY OPERATION AVAILA B1
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SECURITY OF FUNGTIO MAINTAINABILITY| |SECURITY OF SUPPLY
or or
RELIABILITY _ | MAINTI2NANCE EFFle
| CIENC Y

ar

SECURITY OF

Figure Nol SUPPORT, or
SUPPORT F.¢ FICIENCY




— 4 -

In some papers Maintainability is used to descrijibe both the above men-
tioned concept AND the properties of the maintenance organization in-
cluded in the concept Security oi Supply. The author wonld like to avoid
such mixing of concepis as the Maintenance organization, represented

by the concept Security of Supply or Security of Support, docs not be~
long to the Properties of the technical system represented by the two
other concepts. Of course, in reality the total function of the system will
depend also on the Maintenance organization, which also is q-ite clear
from the figure no 1.

DEFINITIONE USED (N THE PAFER

In the widely used U S Military Handbook 472 another definition of Main~

tainability is used:

. Maintainability is a quaiitative property of a technical system,
expressed as the probability that a plece of equipment will
give the specified function within a specified time period after
performance of specified and required maintenance activities
according to established methods and with specified resources.

The definition of Reliahility or Security of Function expresses the pro-
bability that a peice of equipment will function after a specified time
period, while Maintainability expresses the probability that a failing
pisce of equiprhent will be restored to operative condiuon.

The measuring of these characteristice

Security of Function -
or Reliability Mean Time Between Failures MTBF

Maintainability Mean Time To Repair MTTR

Mean time for corrective maintenance (part oI MTTR) ﬁ'“

“{

pt

Mean time for preventive maintenance (part of MTTR) M\




MAINTENANCE ENGINEERS UNDERSTANDING OF THE MA INTAINABILITY CONCE PY

According to the definition mentioned the Maintainability concept handles
those qualities of the equipment that determine the amount or quantity of
maintenance work required to keep the equipment in operational condition
and in accordance with specifiec requirements on service time (operation
time). This required guantity of maintenance work depends on certain
factors
- operation time per time period
- failure frequency
~ required activities to prevent failures
- required activities to check equipment condition
- activities required to restore or repair the equipment
- activities required to modify the equipment in order to
reduce the need of maintenance (improve the failure fre-
quency and reduce the amount of maintenance activities as
a total),

The quantity of maintenance has not yet got any name. Itcannot be ex «
actly measured. If cost is used the price of spare parts axad manpower
is included, and these can vary within wide limits, depenéing on country,
skill, efficiency in the maintenance organization and eificiency of the
manpower, Manhours cannot be used either, of the same reasons as
for cost. The only practical method is to use a standard time manual.
By using PTS (Predetermined Time Standards) the characteristics of
the maintenance organization ar~ eliminated. The maintenance quantity
can then be established as "xxx MSH'", a certain number of Maintenance
Standard Hours. The real cost or number of manhours could then be
derived from the simple calculation

xxx MSH x ‘&Q{'&OE x cost/manhour = real cost

MOE = Maintenance Organization Total Efficiency in relation
to Maintenance Standard Hours.

In the future the manufacturers of industrial equipment might be able to

supply information on both Security of Function and Maintainability for
the equipment they raanufacture and deliver.




To some extentthis information is aviilable to<day within certain
branches such as electronic equipment and equipment manntactured

in series, cars, lorries, iractors etc. The information is also available
within certain complex areas such as space crafts and other types of

equipment (or military and semi-military operations.

To the "non-theorelical' maintenance engineer it might be a little con-
fusing to hear the definitions on Maintainability. The' most used defini-
tion relates the characteristics of the equiprnent to the characteristics
of the organigation {or the supply of maintenance activities. This may
be understood to mean that the Maiatainability of a piece of equipment
or a plant varies with the location of the equipment in operation, which
as a matter of fact it does. As an example: [n an industrialised country
most tools can easily be bought in any hardwire store while they may
be am-cxilting in a developing country. If such tools are needed for
the correct performance of maintenance activites the Maintainability of
the equipment is better in an industrialised country than in a developing
country.

The different qualitative properties determining the actual Maintainability
and which are related to the qualitative properties of the maintenance
erganisation must be clearly specified. If this is not done and correct
measures are not laken to bring the equipment and the maintenance orgh-
nisation into accordance to each other the calculated or expected Availabi-
lity will be £mpoilible to arrive at,

An example: A complete hospital was delivered {rom Sweden to Tunisia
about ten years ago. To start with it was operated by the Swedes as a
university hospital. Then it was given over to the Tunisians. The bulbs
were of the normal Swedish standard type with FEdison socket, while
the Tunisian standard is the Swan socket. When the supply of bulbs
with Edison sockets was consumed there were nc such bulbs available

in the country. The hospital could not be used to ita full capacity une
til either the lamp sockets or holders had been changed or bulbs could
be supplied from outside.




Another example: The designer of an clectro-mechanical calculating
machine sugpested the use of screws with Plillips-heads because

these would give some advantages over normal slotted head screws
(dimension, tensile strength). The customer (a miiitary organization)
made a survey on available tools within the organization and found,
that no such screwdrivers were on the procurement plan. The next step
was to findout if these screwdrivers could be purchased in the local
market where the calculators were planned to be used. There was no
supplv of the screwdrivers in that market. To increase the Maintaine
ability of the calculator the normal siotted screw must be used. -

Factors affecting Maintainability

According to the definition the factors affecting the Maintainability will
be
« the design philosophy used

- the number and sizes of mocules (groups of components, units)

- the accessability for testing the condition and the function of
each module

- the accessability for maintenance activities, both testing,
failure detecting and failure analysis, condition checking
and condition monitoring as well as replacement and repair
activities

- the presence of devices facilitating monitoring or irter-
mittent checking of function and condition

= the gualitative content of technical documentation and the
comprehentibility in the presentation of this information,

These faclors are all related to the design of the equipment as such and

to some extent to the environment in which it is to be used (space for main.

tenance activities around the machine), *

These factors together give a certain level of Maintainability, which could
be called Theoretical Maintainability., To describe it in a more popular
way - the qualitative properties are related to an ideal and specified maine
tenance organization. However, in practical life this ideal maintenance
organisation does not exist, with a few exceptions.




To get a better grasp ol the real maintainability some more factors or
characteristics have to be censiloered, namely:
~ availability of testing inslrutients
~ availability of tools and other aids for the performing of
all types of maintenanci activities
- availability of premi: 2¢ far mnaintenance activities also
space around the niachine in case it caanot be moved to
the maintenance premises
« supply of spare parts and maintenance naterial
e competence of maintenance personnel and their skill
- operation and maintenance records, quality of infermation,
accessability of recorded information.

The real maintainability is determined by the relation between the theore.
tical maintainability of the actual equipment and the ability of the existing
or planned maintenance organization 10 meet all requests created by

the operation of the equipment.

This understanding of the Maintainability concept also leads to somve
general conclusions:

A. No one of the pcople involved can be solely respansible
for the characteristics determining the Maintainability
. #n practical life.

B. The designer must specify the requirements on the maine
tenance organisation to achisve a specified Operation
availability.

€. The maintenance engineer (or manager) must analyss the
maintenance organisation ability to meel the requiremsnts
specified by the designer as outlined in B.

D. The management must realize the fact that each piece of «
equipment has its own specific requirements on the maiae e
tenance organization and that these have to be fiiled to
obtain the specified or requested production availability,




The management and the maintenance manager must realire
that both the Security of Function and the Maintainability
are "designed-in'' qualities that may be improved during
the lifetime of the eguipment, also that theee modifications
and improvements | » the greatest part are the respons «
abilitics of the user of the equipment and consequently to

2 smaller part are the responsabilities of the manufac-
turer,

All varties concerned must realize that any change in the

maintenance organization, resulting in a decrease of the
qualities which negatively will affect maintajnability, in
practice will result in a lower production availability,
meaning more lost production time, less utilisation of
the inveated capital and a poor economy. In many cases
in developing countries it also will lead to higher demand
on foreign currency for purchase of spare parts or 100

sarly replacement of larger pieces of equipment.




MAINTAINABILITY AT THE DESIGN sTAGE

Most of the characteristics affecting both the Security of Function (failure
frequency) and Maintainability (required quantity of maintenance work)

of a machine or plant are determined ot the design stage. The designer
has to select components and asseinble them to a machine or "technical
system'' meeting the requirements of the customer, both those expressed

by the customer and those rot expressed but necessary.

Usually components with a high Security of Function (low failure frequency)
are expensive. If the designer should use such components only the machine
will be very expensive and in the competition it would be difficult to sell

s

it. If cheaper and less reliable components are selected the machine would
be low priced and easy to sell, but very soon the customer would find out
and the machine would get a poor reputation, perhaps also cause claims
from the customer, prolonged guarantee etc.

As long as the purchaser pays more attention to the initial price of a
machine it will be difficult to get machires with both good production

and good availability, If only purchasers could be pursuaded to consider the
- lits time cost the situation would change and the maintenance function would
be given a fair chanee to maintain a high availability at a low cost. At

the same time production would find they do not have so many difficule

ties and irritating situations as now is the rule.

For the time being only a few customers know about all the characteris«
tice and pay attention to them. The designer has (o compromise between
price on one side and security of function and main‘ainability on the other.
Which type of a compromise he selects will largely depend on the customers
demands. To some extent it will also depend on how well the customer is
aware of the opsration environment for the machine and how much he

telis the designer and/or manufacturer,

In appendix { an attempt to a checklist for designers and purchasers
will be found. It could probably be used for checking tenders, evaluation
of competing machines etc, maybe also as 2 memorandum for plant
engineers, maintenance engineers etc,




Fig No 2

Fig No 3

MODU LARISATION

Modularisation may be regarded as a combined design and maintenance

philosophy. It foilows the main philosophy of the Systems Concept.

The definition o1 A Systern used here is the iollowing:

MODEL OF A SYSTEM

. — DE MANDS
SYSTEM NUCLEUS | - é
consists of ‘ : \ #
ELEMENTS FUNCTION

’orpnizad in a e

{ STRUCTURE j

« SYSTE.M is a comprehensive name for a FUNCTION and a
SYSTEM NUCLEUS.

= The Function has qualitative properties and always contri-
butes poritively to comply with a demand from the user of
the system, or to meet and fulfil objectives.

» The Nucleus contains ELEME NTS, which are all needed to
realize the Function. The Elements are organited in a
STRUCTURE which characterizes how the Elements coe
operate in room and time,

A System may be identified at different leveis. At the highest lavel it
is identified as ONF. aysiem. At lower levels it is identified as two or
more SUBSYSTEMS, each one with a specified function, contributing

positively to the function of the system at the next higher level. '
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i
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SYSTEM | .

Sﬁﬁyﬁhm }j Subsystem 2 l
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A technical system can be handled in the same way. If the smallest
part is called ''component" a certain number of components must be

used to achieve a certain function. These components together may

be called a "unit". If now a unit can be de signed in such a way that it

can be replaced as a unmit it may be called a "module". Sometimes
the expression "assembly" in used.
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The optimal module is determine! hy a large number of parameters,
according io Goldman and Slatterly, "Maintainability = A major Element
of System Lffectxveneas". more than 40. However, in practice a fairly
good result may be reached using a simplier method.

Assume that a number of machin. s are located the same distance from
the place where maintenance is performed. The spare parts cost.is ''p"
and the replacement intensity corresponds to the failure intensity "1",
The cost for spareparts during 1 000 operative hours is px l. The
total cost P is then

¢ | ,
Pﬂ W p""‘ ""'ztlz'*Paois*o»oo‘pu’la

which indicates that the modularisation should be made se that the pro-
duct of "p" and "1" for each module has the same rise.

Modularisation is used fairly much in standard products ke cars, buses,
lerriss, electronic equipment stc. Some modules are squipped with indi~
cating or monitoring devices, indicating failure, condition, function etec.

The benefit of modularisation is mainly shorter repair time, sometimes
aleo lowsr cost Lecause standardisation of the modules make it possible
to manufacture these rnodules in larger series.

The adventages of moduiarisation is clearly indicatud by some figures

- from the Scandinavian Airline Sysiem for different types of aircrafts.

The Douglas DC-7 is a long distance aircraft with four combustion en=~
gines. It is made according to the older design philosophy known as
"safety fiest''.' Aher a number of flight hours the aircrait is taken to
pisces, checked and inspected and again assembled. The interval and
ameunt of manheurs spent varies, as an example the total overhaul
after 9 000 flighthoure takes 20 000 manhours.

The Sudaviation §8A-210 Caravelle has two jetengines. The design is
partly inade according to the older principle, partly the modularisa-
tion principle.




The modularisation principle is atill more used in the well known
Douglas DC-8, a four jei long distance craft. One more step to-
wards a complete modularisation is taken in the DC-9, a two jet

short and middle distance aircraft.

The modularisation in these cases means that instead of takiug the
aircraft apart in small pieces for inspection, checking, replace-
ment of parts or repairs, the aircraftis checked while it is waiting
in an airport. Some checks are made rather frequently, some at
intervals around 5 000 flighthours. The stop time for checking is
short. If a module is found deviating from the specifications it is
quickly replaced by a new or overhauled module. “The ground time
for the aircraft is cut down compared to the old DC-T.

The table below gives the cost per passenger and km.

Type Passenger  Speed Maintenace Cost/seat/hm
. cost/flighthour
PC7 120 500 260 . 00433
8A-210 86 850 200 00274
DC-8 225 900 260 , .00128
DC-9 110 900 160 .o0ibo

The Availability of the aircrafts also varies. The more maintenance
they need the longer time they are on the ground. As the DC-9 has
the lowest maintenance cost per ilighthour it is in the air more than
the other types.

One conclusion is that Modularisation is one way to shorter mainten-
ance time and lower maintenance cost, meaning alse a better Availa.
bmtyc

Another practical advantage of modularisation is that cmpmntjm
lower security of function (higher Failure Frequency) can be assembled
in an exchangeable unit, with quick connectors, and two of that particu~
lar unit in parallel. There could also be an automated switch device and
the total rate of Security of Function could be increased by adding t
Redundancy factor to the system.




If one of the unit fails the other one automatically takes over the load.
The failing one can be replaced with a new or repaired unit at cone
vanience within the normal MTB} for the unit,

Automated
switches

Fig No 4 , e “~—

l?alikag

unit

Mﬁnhﬁn also increases the possibilities to utilise condition moni-
toring. If a unit can be continously checked it can be replaced befere it
reaches the non-function level.

Obvicusly the level of modularization can be selected to give shorter or
longer replacement time, thareby afiscting the MTBF. An sxsamgle:

An slectric motor consists of the following parts, which could bs ealled
Spare Parts |
o Shaft

Bearings
Armature ,
 Armature windings

It is possible to make a module of the following parts:

Shaft, Bearings, Armature, Armature windings

and this module can be called an Arinature Assembly and it can be kept
as a Replacement Unit (or Replacement Module).

Obviously the electric motor can be considered to be a RU, (Replacement
Unit).




Which one to select depends on
Availability of technically skilled personnel
Price of the different RU
Maxirmum allowable stop time for replacement
Interest on m ney invested in R'J
Number of machines the RU can ve used for
Delivery time for the different RU

Probability of failure -or Failure frequency.

The example is a standard product and in most cases the manufacturer
can supply any of them without changing the design. If the machine or
plant is a special one, excisting in one or only a few units or being an
entirely new product to be manufactured for a certain customer (such
as military aircrafts) the selection of the correct level of modularisa-
tion is essential for the future performance of the machine, plant or

squipment.

It would lead us too far to go ;:leeper into details. What is mentioned
here is done so to point out one more side of the probkxh which has
to be taken up to discussions between the purchaser and the manuface
turer or supplier,

MAINTAINABILITY CONSIDERATIONS AT THE FACTORY PLANNING
STAGES AND INSTALLATION

If the factory planning engineer is well informed aboyt the qualities of

the machines related to Security of Function and Maintainability he can
consider the demand on space and facilities for the practical perfor-
mance of the expected maintenance work. Uniortunately it happens far

too often that a machine is placed in a space where it is necessary to
dismount parts of it to Le able to move it into the desired spot. When
these parts have to be mounted again (o complete the machine the space

is teo narrow for lifting aids, hooks, wires and hoists. It has happened
many times that holes have to be taken up in cealings and floors and walls.
After the machine is mounted these holeas are closed permanently and when
it later on becomes necessary to perform some maintenance work the
space agein is too narrow. Thus the maintainability of a mnachine can be
greatly reduced. ' |

Same of the questions mentioned in Appendix { can be used to check the
factory planning. . :
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When a plan for a factory or other installation is made it is essential
that the maintenance engineer approves these plans before tney are
finally approved by the responsible person. Itis always difficult to
introduce changes in approved plans, besides these changes always
are more expensive than change: made at an earlier stage, To move
concrete bases and concrete walls cost much more than to draw some
new lines on a piece of paper.

When a machine or plant is installed the future possibilities to maine
tain the machine can be greatly influenced. Usually a plant engineer

has made an installation drawing, showing where exactly the machine

or piece of equipment should be placed. In many cases he then had no
possibility to check the necessary space for aAssembly and disassembly
of the machine. It might happen it will be rather difficult to disassembly
one specific machine after the surrounding equipment has been mounted.
The example below is fetched from a modern brewery.

(o)

’ . Screw
Fig No § irfiss Screwl+

Conveyor

The screw fot the press from tim. to time must be taken out for cleaning
| deposits and for checking the thrustbearing. As the press is mounted now
i it must be loosened from the foundation, turned a little and then there is a
| space enough to remove the screw. There are ot only foundation bolts,

~ also some pipslines have to be disassembled to facilitate the turning of

" the machine. The completely unnecessary turning operation could have
been eliminated by mounting the press at an angle already at installa-
tion.
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Of course, it is possible to tarn the machine permanently, but until
recently no one has thought aboat that. [t is also quite expensive to do
80 now, as some machines have bren added to the plant without con-
sidering the possibility to turn the press hefore they were mounted,
These new machines must be moved some fect to allow turning the
press permanently.

MAINTAINABILITY DEMONSTRATIONS

The cuantificntion of Maintainability {s quite diffi- ;
cult. For machines or plants manufactured in just :
4 small number or one single specimen only the

only way is simulation of operation conditions {n
combination with an analysis of the technical system

in detaila. This methed is of course quits expensive.

Another method can be used on machines, instru-

ments and other pieces of equipment manufactured
in series. It is called "Maintainability Demensts 1»
tion'' and is described in US MIL-STD-471, Main-
tainability I}emcnstr;ationt, 1966,

Thers are 40 far only a few Maintainability Demonstrations made and
available for study. Ono was performed about two years ago on aa
electro-mecbhanical calculation v \chine for specia! purposes.

. The calculater consists of the following modules:

Key board Puncher Power unit ’

Reader | Printer Moter

Reader Il - Transmission
Operation unit . Tranemaiesion wnlt
8 printed circuits. Stand

The number of modules is 20. Of these the 8 printed circvits centain
reughly 350 integrated circuits. The calculator and the power uanit are

of the electronic typs, the remaining madules are mainly mechanical
with a few electronic componenta,







The Maintenance philosophy nsed depends of course on the operation of
the calculator. It is used in the army under rather rough conditions,
from hot dry summer weather (o very cold winter and also during the

autumn rather high humidity,

For a Maintainability Demonstra!:on the following « onditions must be

specified:
- Operation environment - Maintenance environment
-~ Mean down time « Mean life time fo: wear-out
- Mean intervals for preventive
maintenance
« Test methods - Supply of replacement units RU

.

Single and double iailure rate - Qualifications of personnsl

- Selection of personnel for
demonstration

= Establish specification for Mean
Time To Repair and Maximum Time
To Repair.

= Selection of failure intensity and
dietribution of failures

» Technical Documentation for the
calculator,

Of these figures and information some are of more general interest than
other. The Mean Time To Repair, M_,, was derived from a large num-
ber of similar units and from other Maintainability Demonstrations. The
mxim:m Repair time ﬁmaxc ¢ vas found to be 90 .ninutes and the mean
value M, was 30 minutes.

The Mainteni.nce organization normally has three levels, of which the
highest one is a central workshop with facilities to repair all modules
in the calcula.or. On the other two levels the repair consists of replace»
ment of modules, ’

The time for a complete repair consists of cueue time, failure localiss-
tion time and repair time. As the normative Maintainability will be feund
at the lowest ievel it was decided that the demonstration should be pere
formed at this level, under field conditions. The mobile workshop ex-
terior and interior are shown in figures 7 and §.







The failure intensity was predicied according to the stressmethod for
the electronic modules. For the mechanical componente in the key-
board, readers and printers a test was made by the manufacturer and
the failure intensity was calculated on that basis. In both cases the
expected operation profile was considered. The resull is shown in
table 9 below.

Module . Failure int. Contribution No of
i_no/108 hours to total fai- failures
Electr !Mech lure int, %
Keyboard elecir, 1.19 0,2 0
mech, 85 13,2 13
Reader I electr, 23,73 | 3,7 4
mech, 10 1,6 2
Reader 1I 31,83 5,0 5
Printer electr, | 28,56 — 4,8 5
mech, 120 18,17 / K }
Puscher electr. 1,78 0,3
mech. $0 7.8 8
| Printed cireuit 1 19, 44 3,0 3
r B 16,97 2,7 3
3 14, 25 2,2 2
4 20, 38 3,2 3
> 25,72 4,0 ‘
. 22,20 3,5 4
; 78 27,33 4,3 4
| Power unit | 44,98 7,0 7
Motor . | 20,89 3,3 3
| . ~ , ;
Clutch R | 20 3,4 3
Operation unit electr. | 21,85 3,3 'y
mech, 5 0,8 (.
Tranemissien ~ 20 31 3
Stand , | 11, 96 | {,2 2
SUM 332,70 [310 | 100 T 100 |
643 !

Table 9. Failure intensity
According to the testmethods used the number of failures during the
demonstration should be set to 100.




After discussions with the designer 4 teble showing how the failures

should be simulated was drawn.

According to the specifications the number of double failures should be
10 %. As independent double faii .res are consider d unlikely it was de-
cided to make the double tailures of the primary/secondary failure type.

In the programme some other conditions were established, such as
= which personnel should he used (not which one)
= how many
= test squipment available in the mobile workshop
» how the failures should be introduced and time checked
~ how the personnel should report.

The resuit.

When the demonastration was periormed TV cameras were installed to
tbserve the proceedings in the mobile workshop. Each fatlure was
repaired and the report finished before the next calculator was taken is.
.Twe trained operators selected at random from a group of six were
working about four hours for the firet 26 failures.

The time for operator no 1 Total time 225 minutes
Mean time/failure 17 minutes

for opsrator no 2 Total time 190 minuins
Mean time /failure 15 minutes,

When these 26 failures had been taken care of the astablished ebjective
of the demonstration was fulfilled and no further tests were necessary,
The Maintainability was found well within the specified values and the
specified quality of the calculator and the maintenance organisation

~ ware both accepted.

This rasult has later on been discassed with organisations who them-
selves have performed similar demonstrations. The method is fairly
expensive but gives a good information. However, it has so far not beea
used for products in the civil market but it would be rather interesting
to try it on equipment like lorries, huses and cars.




MAINTAINABILITY DURING THE OPERATION PHASE

During the operation phase L.e Maintainability of the equipment will
change, so dues the Fificiency of the Maintenance Organisation. Both
these will affect the availability of the equipment for production. the
quality of the product und the tornl cost.

The following topics will be discussed:
§. The performance of specified maintenance operations
2. Fault finding and repairs
3. Checking and monitoring of equipment condition.
4. Recording of performad maintenance activitiss, dowa time
and production figures,
5. Use of the recorded information to improve Maintainability.

Te retain the qualitaiive properties of the equipment it is sseential to
perform all specified maintensnce activitias corvectly and st the corvect
tdme. These specified activities can bs:

« Cleaning operations

= Laubrication

= Inepections and adjustments

= Replacement of mod los at predetsrmi -od tims intervale
= Checking condition of the sguipment.

These are well known to most maintenance peopie as Preventive Muinte -
nance and the interested reader may find lots of information en this sube
Joet in different papers,

In this paper it will only be pointed out the importance of the Prever-
tive maintenance and the hanards of neglecting it. If a small defect is
allowed to develop to a failure it very oiten happens that a fatal break-
down will be the result. It would have cost a small sum and only s

few minutes stop to replace the defect component before th: fatal faie
lure is & fact. When this fatal failure has occured it might very saslily
cest 10 or 50 times more to repair the equipment.
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2. Fault-finding and repairs.

Many failures develop so quickly that no method exists to detect it be-
fore it is fatal. Some others cannot be checked or monitored, such as
those caused from outsides sources, human failuree, thunderstorms
and similar.

Under certain conditions it might be too expensive to have a complete
Preventive maintenance. This happens sometimes when the utilisation

of the equipment is low, which means there is time to allow a stop for
a repair,

Even if a good preventive maintenance is applied certain systems are
difficult to check, meaning that failures will comse unexpectedly. In

thase cases it is important to find the fajlure as quickly as possible,
define it and repair. This is valid for complex subsystems such as
electric control systems, electronic systems, hydraulic control systems
and pneumatic control systems. Power systems generally are simplier
and easier to cbeerve and it is aluo fairly easy to find failing components
in the power systems.

For such important control systems the manufacturer should be regquests
od to supply complete technical documentation to facilitate logical fauit-

finding and semetimes a function test programme should be used. These

document:. will be discussed iates in the paper.

Even with the best technical documentatian is of no value if the mainte -
asace parsonnel is unable to use them. The maintenance craftemen,

beth electricians and fitters, should be trained in using the method

known from the teletechnical fields as "logical faultefinding” or "trouble
shooting". The eperation is performed to the greatest part on diagrame
and drawings and even if the security laws aliow only electricians to per=
form werk in electrical plants the mechanically trained persenns! can
never be forbidden to think, which is the ‘essential part of the logical
faultefinding technique.

When the failing component is defined the repair in most cases means a
replacement of the component with a new one. Only rarely the component
iteslf is 1epaired. However, under certain conditions it might be neces-
sary to do s0, maybe no spare part is available.




The replacement of the defect component should be done correctly and
if necessary the assembly should be checked carefully and the function
verified before the machine is put in operation again. Again, the main-
tenance personnel must be well trained and feel the responsability. To
use inspectors or let the foreman inspect the work is of course possible,
howsver, it is not the very best solution as it undoubtly will delay the
work.

"Fight the weak comronents'.

There is a certain philosophy used in several industries when repairs are
performed. It might be called "Fight the weak components''. It aims di~
rectly to an improvement of the qualitative properties of the equipment
affecting the maintainability., The application of this philosophy also ine
volves training of the performing maintenance personnel.

Whenever a repair is necessary the performing man makes an analysis
of the failure, answering some simple questions like:
- what component failed first?
- why did it fail?
« is the component to weak for the load and the stress ?
= is there an outside cause of this failure ? |
= has some other component t0o low capacity or & defect?
= can the component he replaced by some other component
which has enough capi.city or other prop:rties in order
prevent a repetition of the failure ? '
= can some form of preventive action prevent the trilure from
going to a break-down?

The skilled maintenance man in most cases is capable of doing such a
simple analysis. If he is unable he is instructed to discuss the failure
with his foreman or with an engineer. The main advantage is that the
discuesion is started while still the circumstances and memories are
fresh. If the failure only is recorded in the Maintenance record a con-
siderable time may elaps until the case Comes up again. The recording
never can be made so detailed that all circumstances are available at
a later time. Besides, there might be repeated failures of the same
eompéncnt without anyone taking notice of it.




The very best result, i better maintainability ard lower tailure {re.
quency, will be obtained if this philosophy is combined with careful

analyasis of recorded information.

3. Checking and monitoring of co dition,

During the last decade a considerable improvement has been achieved
in maintenance generally. A number of vld and new methods for checking
or monitoring the conditio. of components of all kinds have been appe
lied as an essential part of modern preventjve maintenance,

An ingenious mainterance man fs sametimes able to find means to re-
place visual inspections, often after dismounting or disassembly, with
simple and quick, dependable and inexpensive objective measuring
mathods. An example:

' In a cyclaw the wear Plates must be checked tor wear regulare.
ly. To check, the man had to stop the air flow by shutting down
the compressor, lock the sturter, climb somse 20 meters #
oh top of the cyclone, open a cover and inspect. As the wear
plate was mounted close 1o tie wall the measwing of the re-
maining thickness was quite di{ficult and unsure,

He drilled a smali hole from the outside and 2 mm into the
wear plate. 2 mm corresponds to the wear during one menth

of aperation.
\ Lowest allow od k
Weas plase 2NN
The canching is performed by means of a thin wire. If it is

Stopped in the hole the thickness still is enough for one menth’s
operatien. If the wire is not stopped the thickness is too low
and the wear plate must be replaced within & month.

There are now numerous other mathods for checking the condition of beth
¢laccrical and mechanical Compenents. A few of them are related hore:
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A, The SPM mecthod for checking bearings. Utilizes the small

mechanical transient (shock vawe) in the material, caused
by the amall damages in the bearing surface caused by con-
tinous operation under load or by foreign particles entering
a bearing with the lubr .ant, Not to be mi :ed up with vibra-
tion analysis. Indicates wear and damages in ball and roller
bearings with a very high safety level and very early during
the development stage of any failure.

B. Ultrasonic leak detector. Utilizes the ultrasonic noise caused
by a leak in a hydraulic or pneumatic component. Used during
operation conditions. Reacts for a very tiny leak inside a valve
or a cylinder on unbelievable long distance and without influ-
ence {rem other noise sources, A leak of . 5Smm could be indi-
cated at a di-tnm3¢ of 14 metera,

C. pizared camera. Utilines the special film for infrared light,
Wtﬁu m;tﬂhna differences of less than one degree C
on surfaces. Can be used on a distance,

D, ape. Used everywheare

on t:ampnmmti wiurt g'ehmgi in cmditim gives a chage in
temperature, preferably an increase,

Of course, temperature recording instruments, pressure recording, flow.
meters and suchlike can and should be used much more in plants. During
the latest years a fairly large number of plants and individual machines
have been designed for continous monitoring of parameters indicating
condition or changes in cendition. Within certain fields, such as military
snd commereial aircraits, the test equipment is mounted in a separate
unit, which at certain intervals is connected to the aircraft and a more

or loss camplate condition test is performed. The result is recorded.

The same principle is used onboard ships. Sometimes a computer is used
te connsct the various transmitters to the instruments. A SPM instrument
10 vaed to check & large number of bearings and the result is recorded.




If the output signal is found to be higher than a preset limit vaiue an
alarm signal is released. In sorne ciases the alarm also stops the

machine if the alarm sianal is not observed within 2 specified time,

The effect on the maintainability -8 obvious. The d¢ fects are detec ted
before they have developed to a failure. The defect component or unit
or module can be replaced before secondary ioilures have occured, .
The downtime will be short and the cost lower than if the failure leads
to an unexpected stop, often called a break-down.

4, Rucording of performed maintenance.

The recording of performed maintenance activities and the technical
information in connection with repairs is justified only if the collected
information is used for analysis of the equipment performance and as
basis for improvements of the failure frequency, failure intensity and
maintainability (in its widest sence).
-
To facilitate the ulilination of the collected information each fnput must
be correct (as far an this is poesible) and contain relevant information.
According to the author’s experience the following information is essen-
tial:
A. Identification of object. Machine number, preferably logi-
cal code. In most cases {ive digits are enough. The first
indicates the main group, such as “

fxxxx = heat treating equipment, kiins, jurnaces ete
2xxxx = rolling mills
'
%éee: = conveyors, transport equipment
The second digit indicates the subgroup, such s
1 §x0ex = blast furnaces
12%%x% = open herth furnaces
19uxx = electric arc furnaces

The third digit is used to divide the equipment in etill small-
er groups, such as

§31ex = experiment furnaces

1325 = furnsces up to § tons charge capacity




The two last digits are the individual number within each group.

Identification of components. In most cases a two-digit code

can be used. Ag each work order always contains both Machine
number and Component code the later can be special for cere

tain groups of machines. The following page shows sucn a compo-
nent code for a cement [lctbry.

Under certain conditions a three -digit code may be necessary.
However, it is not necessary to have a very detailed code. The
code is used only for sorting out interesting work ordars for

3 more detailed analysis. It is not necessary to be abis to idens
tify one of several hundred of ball and relier bearings disectly
in the record. It is casier to use the work order.
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C. Failure cause ¢ ude.

Normally a two-digit ¢ode is enovgh, The code shown below has been
used in different branches of induatry with 2 good result.
I8t group. Material, design, manolacturing,
i1 = material failure, {law, crack etc
12 = wrong handling of material (heat treating crack)
13 = failures in manutacturing (grinding cracka)
{4 = incorrectly selection for the application
1% = fatigue cracks
2nd group. Installation
21 = incorrectly aligned
22 = damaged at installation
23 = Ybad conneclion
3rd group. Operation
31 = overloadei
52 bad handliag
33 = insufficent Jubrication
34 = , wrong lubricant
35 = lacking preventive maiutenance
36 = bad repair
4th group. Environment
4f =  corrosion {rom gases
42 = exusrive heat
4% = water. ‘high hurnidity
44 = qutside ceuses, accidents, thmﬁerﬁarm, ﬂm
Sth group. Normal Laiiuret
51 = nermal weal

- Please obser ve that there is no Miscellaneous cause, If such one is used
maost of the observations will be recorded on that cause because peopis
sometinies are lazy, sometimes they think they do not know the corrsct

Of course, the code should be made according to the needs within the
industry, however, it would be an advantage if more induairies could
use the same codes.

#
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D. MAINTENANCE WORK TYPE CODE.

For many reasons it is necessary to split the total maintenance cost on
a) the objective and b) the cost type.

This may be done by adding two digits Lo the normally used account number

for maintenance. In the main accounting it might Le unnecessary to split

the mainteriance cost, however, on the maintenance management and pro-
.duction management level this is of essential value.

Obg‘“;ﬁve code. Cost type code.

«1 Abnormal reasons i Labour cost
»2 Breaksdowns w2 Overhead

+3 Preventive maintenance -3 Spare parts
=4 Repairs following PM =4 Outside labour

=S Other repairs -8 Purchased 1naterial

«& Modifications v reduce
need of maintenance

| =7 Modifications requasted
| by production

Tha reasons for splitting the repairs on «1, -2, <4 and =5 are

A. Abnormal causes canot . be prevented by adding PM.

* B. Break-downs might be possible to avoid by changing or
adding PM,

C. Repairs following FM indicate that some defects have
been found when PM was performed. There should be
some such repairs to show the effectivity of PM.

D. Repairs not following PM indicate that operators and othes
people in the production departments keep their eyes opsn.
It might also indicate insufficient PM.

E. -iland -2 jobs are connected with unplanned stops, while
=4 and -5 are performed during planned stops. Unplanned
stops are always disturbing production and may cause se«
vere losses, while planned stop may cause planned losses.

The cost type code is mostly used to follow the amount of manpower and
how well the spare part supply follows the demands.
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Anralysis should 4e riide o these coded i counhination with the stop

type code.

STOP TYDE (TONE,

It is of interest fur both the production people and the maintenance

peopic 10 follow the developmernt of stops in the production departments,
Semetimes in modern indusiries the stops are racorded immediately

thy occur. At that mon:ent it might be impossible to establish the correct
cause as far as the vcause falls within the maintenance field . 1{ a thres
digit code is used the same code can be used for both production and
maintenance .

When 2 cause falls within the production department they establish the
cause themselves. If the cause has something to do with maintensnce
the production people use one code introduction. On the maintenasace
job order the real cause ie added after an analysis.

In this connection it should be meutioned the imporiance of recording

production operstion hours and, in some cases, the produced quantity
and maybe also quality. The best way is to record these {igures some
pared (v the calender and the clock. It facilitates utilisation of the re-
ceord for many p rposes, such as determining the MTBF, Mean Time

Between Failures, which is the measurable quantification of RM
Lity, and also the MTTR , - Mean Time To Repair, which indicates e
Maintainability,

*Thets i a fewmore information of inWeract, such as

o

a time fof request

= time for job start

» time for job finish

= performing department
- pertorming personnel




5. Utilization of recorded information to improve maintainability,

If a manual recording systemis used it might be rather difficult to
find the indications of too iow Maintainabilily. Kven in a computerized

systermn the indications inight be rather unclear.

As Maintainability is measured in Repair or Activity time such figures
should be available, If the codes described earlier in this paper are
used it 1a possible to sort out the repaire and PM activities, find the
labour time and calculate the maintenance cost. The waiting time and
the stop time are usefu! for the analysis,

If the analysis covers a number of similar equipment, a number of buses,
& sumber of airplanes, a list can be made giving the following figures:

= Average, miax and min values for waiting time

« Average, max and min values for work time, MTT!.. Mmas
£t ma

« MT ‘i‘a ief differcnt subunits and components

» Total average maintenance cost including spare parts

« Total cont

» Total stop time

L]

This list is analysed and most likely a maintenance engineer can n&d
 sut whare improvements could he made, such as

» replacement of components with failure frequency sbev
svarage

. iuiming more efineuwz maintenance methnde
= better maintenance organisation

It the maintenance object in a large plant or machine the same listing -
could be used. He“veé. it should bhe remembered that in these casns
the analysis should cover a longer time period to get more informatien
to guide the decisions. If the analysis covers only a short time the
listing is unnecessary. In such case the direct analysis of the record .
e sufficient,




The correct and complete recording of data {rom operation and mainte -
nance is the best help for a maintenance engineer in his endevour te
improve both Security of Function, Maintainability ind Maintenance
Efficiency.

THE TECHNICAL DOCUMENTATION

One of the key points in procurement and maintenance work is the
technical documentation for the equipment. The importance of the
documentation increases with increasing complexity of the equipment.

Technical documentation is expensive. For complex equipment it {»
‘net urusual that the complete documentation will cost 8 « 15 % of the
investment including installation. This fact must be remembered
when two or more offers are compared. The future value of the dogue
mentation is very often underrated at the decision stage.

The need for technical documentation of course varies with the type
of equipment. For very compiex units the need is greater than for
simplier units. A large number of similar units, such as buses, can
carry the cost of a more complete documentation than one single unit,
such as a pump or generator set. '

In many cases the manufacturer of 4 single unit, such as a rolling
mill, is unable to provide complete documentation because the manue
facturer has no real operation experience. In these cases the cuse
tomer must realize his duty to collect, process and record informas
tion and convert the collected experience into usable technical docu=~
mentation. If he neglects thut,hic equipment most likely will not give
the estimated performance.

ngnphte 1i st of tec?mical documentation should contain:

= Description of the equipment, design, operation, capacity,
measurements, weights, demand on supply such as electric
power, water, air, gases etc. Space requirements for ine
stallation and maintenance, for operation and storing mae-
terial for production.




- Complete asseinbly drawings, al jest the epsential parts.

« Diagramas and connection lables for electric, hydraulic,

pneumatic and electronic systems inc luded.

« Advices for dismounting nd mounting, tor fault-finding, .
eventually test programmes for function tasting.

« Wear limits, adjustment measuremcals eic nacessary for
the cerrect checking of wess conditions and correct align-
meat and adjustment of the squipment,

Spare parts catalogue, recommended spare part store st

Labrication inatructions,

“of maintenance activities.

« A description of the normative maintenance organigation
| rm &n the eniw&%m qi Mﬁk!ﬁkﬁ: s?m: Effective-
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For complex systems the same Navy has developed a diagnostic docu-
mentation aystem called FIMS, Functionally Identified Maintenance
System. This system includes maintenance instructions, fault-finding

advices including diagrams etc, test programmes for function etc.

The practical situation for any maintenance engineer would be groatly
improved if these became more widely accepted and used,

Technical documentation language,

The designer and the advanced maintenance specialists very often use
& language which is difficult for anyone elss to understand. This fact
should bs recognised and measures taken to transiate the scientific
language inte normally used workshop language.

I this is not done the maintsnance persennel will mest great difficul-
ties to understand the documentatien correctly and utilise the valuable
information contained.

Another problem is foreign languages. As the author comes from a
country where ons of the "smallest” languages in the world is used
Be is well aware of the difficulties to supply correct information te
the operators and the maintenance personnel.

In the developing countries these difficulties are still greater bscause
in many cases the persannel available in such countries do not have any
industrial tradition at all. In the industrialised countriss the children
mest technical equipment aiready in the nursery in the form of mecha«
nical toys, even advanced slectronic equipment such as TV, radio, re-
cord players, tape recorders etc. When these youngster grow up and
have finished their education they enter industry with a natural bagh-
ground and they are used te utilise technical aide, For them a complex
machine may contain something new, but as they are accustomed %o
handle such things it does not give them too many problems.

In the international fisld much can be done to improve the situation.
A cammen terminelogy would be appreciated. In this connection it
would be helpful te all engineere all over the world if the English
language could be used as basis for the terms used,




If the other Janguages could hise their terms on ine Fnglish a better
understanding wouvld be possibic between other languages, suchas

Russian translation to Swahili or whatever the need could be.

MAINTAINABILITY AND 11L MAINTORANCE ORGANIZA L'ION.

As already has been mentioned the gualitative properties of a system
known a8 Maintainability are based on a normative maintenance orga~
nizgation,

If the calculated result of an equipment should be possible in practical
apcnt:on the actual maintenance organivation must be able to provide
the minimum services indicated by this normative maintenance organi~
sation.

This of course is no real problem if the equipment consists of a new
plant, starting from scratch, When a new piece of squipment is added
%o an existing pnm or orginisation the problemn is more complicated.
The existing maintenance organisation already has some parts of the
necessary capacity and the problem is now, how much more is needed
to maéet the demand from the new eqguipment.

Today it is rather unusual that a new piece of equipment is so similar
to the already existing equipment that ao actions are necessary to ime
_ prove the maintenance organisati »n in some or othr r respect. The
development within the technological field is very quick and the come
petition between the manufacturer of industrial equipment is so hard
that they have to introduce newly developed units more often than be-

If the responsible poeple do not consider these facts when they order
a new piece of equipment the omcttd or calculated benefit will be ime
plllihh to reach. When decisions on purchase of tqmpmunt are made

bs considered. It is -enaeleu to concentrate the efforts on the equip=
mt‘only. E;wn the best equipment in the world does not operate sa«
tisfactorily without the qualitatively and quantitatively correct amount
of maintenance.




It must also be jemembered that it takes time to increase the quantity
and quality of niaintenance resources, The analysis of the need in these
- respects musl start already at the first step of an investment project,
usually called the definiten stage. When the decision to buy or setart

the investment is taken it is alrea:'y too late.

The most important part of the maintenauce resources is the personnel,
their qualifications and number (in that order, please). A well qualified
maintenance man is always more efficient than a man with lesa skill.
No incentive wage system in the world could change that fact.

To improve the qualitative propertics of the maintenance organisation
several different actions can be considered, such as:

= a rational maintenance job preparation and planning organization

« & continous training and up-grading programme

« an incentive wage system.

. | ,

Someone may ask how an incentive wage system can improve quality. The
fact is that'in order to introduce an ircentive wage system all the rest
must be introduced first. As managers are inclined to look at efficieney
and cost first it is much easier to "sell" themon improving the gens-
ral conditions in the maintenance departiment using die increased effi-
ciency as a bait,

During the last years a large number of industries have been carefully
analysed to find the relation between efficiency, earnings, wage syse
tem type and general atmosphere in hoth production and maintenance
departments. The reports can be found in a booklet called "The Con»
demned Peicework'', available also in a number of other Europsan
languages. The common meaning is that the straight incentive or piece
raie wage system gives a lot of ntress and other disadvantages. The
systam having the smallest disadvantages {or the personnel and which
still contains enough stimulation to work efficiently is ''the Préamium
Wage System'. In this system the earnings come from two or three
different wage types.




The first part ol the earnings comes from a tixed rate wage, usually
between 50 and 90 % of the total enrnin'gl. The sirze is established
based on Job Evaluation and an agreed difierence between the high-
est and lowe st leveis.

The second part can be a bonus, or Premium Wage, calculated eithor
on group eificiency campared (o established standard time, or indi-
vidual piace rate. The individual efficiency is seldom used in maine
tenance departments.

The third pavt can be an individual wage based on Merit Rating. In

the merit rating such factors as presence at work, usability for

saversl types of jobs. care for material and tools and vumber of
nent years can be considered.

mn&g&wpﬁwam,ammm.w
on on agresd Standard production. defined both as quality snd quant

The mast used type consists of 75 % fimed rate, 5 % Merit rated wage,
and 30 % group sffictency incentive. This type is used in many main-
Wwaance organigations today.

Teo often the jeb preparation and planning erganisation is neglected.

I the job order is not prepared ¢ rrectly the worke r has to spond a

ot of his valuable time to lind out how the work shousd W9 performed,
which toels and spare parts are needed, which tschanical decumentation
is nesded and whare can it be found. The result is that the worker spends
s 1ot of Ms time on walking forth and back, cellecting things be had for-
goNen or @id not kuow he had to use. These conditions will resuit in an
eawentod stmecphare of irritation, fesling neglosnd, Mhhuﬂm
e job, lasiness ote,

R wenid loed toe far 10 go inte these detaile hare, howsver, the probe
\om is very sarieus, sspecislly in developing countries.




‘The training and up-grading of the maintenance personnel at all levals
is of great importance for the efficiency. in too many cases the main-
tenance manager and his engineers think they have to do all the tech-
nical and economical decisions themselves because their personnel
is not competent to do it. With a good atmosphere and good training
the worler is capable of making inany of the small decisions himself.
But can he be expected to make these decisions without knowing how
a decision is made and the basis for decisions?

The training and up-grading should be considered as a continous pro-
blem. As a consequence the training programme slso must be con-
tinous.

The equipment and the maintenance organisation must be brought up
on'equal level, both in quantity and quality, otharwise the total resuit
will bs unacceptable,

ITAINABILITY IN THE DEVELOPING COUD

The intevest for the qualitative properties of an equipment known as
Maintainability is steadily increasing in the industrialised countries.
The reason may be the harder economical conditions in most of thees
countries, resulting in demands from management on high utilisation
of the invested capital. Ag the time consumed for maintenance agtivie
ties in most cases has to be plaiied together with .he production
planning it is obvios that even other professionals thas the main-
tenance specialists will find it necessary to reduce the "spoiled”
time, meaning they ask for higher reliability snd better maintaina«
bility.

In developing countries ‘the problems have another nature. In many
cases the problem is to find mere manual work for an unemploysd
population. The economical problems have to be pushed into the
background. If the efficiency of the maintenance department is a
little low it does not mean so much. However, very soon the situa«
tion most likely will change. When a developing country starts to
export ite products to other countries they face the problem of
quality control. One phase of the qualiiy control problem depende on.
the machinery, the production equipment.




This means 'hat the ciahitative derands o Hhe maantenance pe ravnuel
most probanly will he the first to taicle. | e solhtion 12 orgamigation

and trainiug.

The second problen facing an ex,orting industry 17 guantily on time,
security in delivery plans. This problem: calls tor retiable machines,
workin, when they are planned to work. Unplanned stops will cause a
lot of trouble. Such stops have to be as short as possible, and the re-
pair must be done with skilled people and to such a quality that the
equipment retains its guality. Again, the molution is training to & cer-
tain part, organization to another part and better reliability and main-
tainability of the equipment will do the rest.

Even if the production economy, utilization of the invested maney, is

a second hand problem it will become the first rather soon. No country
can afford to spend money without considering how it should be returned.
Most of the developing countries have a shortage of forsign exchangable
currency. Morigages have to be paid, intcrest too. If the return of in-
vestment is 100 Jow the entire economy of 2 country will suffer, pro-
longing the developnient period for that country. The industry of the
country has to work efficiently and economically. Emsting industries
have to be maintained to a certain level to prevent them trom loosing

money even if the initial invesiment already is returned or written off.

Loans are always expensive means to el investment capital. Very often
these loans are in loreign currency. When a country considers an ine
vestment they must be surt they get the best possible equipment for the mo-
ney. The best possitile equipment is the one that has the highest uli-
lisation level, meaning the equipment has a high reliability and geod
mainiainability.

Spare parts are always serious problems for developing countrien. One
solution is to ressrve a ceriain amount of currency for the future im.
peort of parts from the _ountry of origir, another is the establishment
of base industries, ‘oundries, steelwarks, mechanical manufacturing
industries. If such base industries are working within the country they
can take over the manufacturing of spare parts and substitute import
by own manufacturing.




tocal, bt onal o even rogional ananutactuiang ol cevtain spare parte

t8 one wa . ol iiipro.iog toe maatwnability o0 a plont. Reduced invest-
ment in spare parts. snore {orcien currescy available for the purchasee
of new equiduent, posseitnlittes 1o manufacture own nrachmes are some

othey benelity

When the best possible equipment (5 wanted it is the customer who must
speclfy what he wants. An investor inust 1 ol rely on the supplier, even
if he happens to be the most experienced company in the world within

his field. A practical caze may describe wha' can happen,

A manufaclurer of a certain type of machinery is well known all over
the world as the very best one. A company was offered his machine and
a competitors. A careful’caiculation of the life time cost was made.

Marufacturer | Competitor
initial cost $47 T80, « 178 300, -
Maintenance cost .
per annum 2% 100, » 8 600, -
Expected life 12 years 12 years
Cost of awnership
for 60 machines 27 540 000, » 11 320 000, -

In the absolute most normal case the purchaser would look at the initial
cost only and choose the lowest hid. The coampetitors bid is 2 millions
higher than the well known manulacturer ‘s,

The developing countries have o learn how to buy, a tricky twechnique
which is not too well known in the industrialised ceuniri!t; Then how
could it be possitile ? In the industrialised couniries too many of the
decisionmakers have too many prejudicies, bound to traditions and
prestige. In the developing countrics at least thers are not too many
traditions of thst type.

When a plant or piece of equipment is delivered to a developing country
the maintenance man usually is informed when it arrives, This must
be changed. The equipment delivered to the developing country mest
likely in designed for an industrialized country.




The maintainability is designed in on the wrong level, the normative
maintenance organization which is the basis for the calculated main-
tainability does not exist in the developing country. Even such a

small thing as a hydraulic puller Jor a gear or bearing i impossible
to find. When it is needed it will trke hours to remove the gear or
bearing, compared to minutes if thc puller is available, The puller
should have been delivered together with the machine, of course, but
no one ashed if the puller was available and no one asked if some teols
ware needed,

Just to show how carefully a procuremant preject is handied to ebtain
ths best plant at the lowest total life time cost the centsnt of & part
of the raquest ussd when inviting manufacturers weaders 9 shown en
the asxt page.

If this procedure is followed the production managur snd the mainte-
aanes manbger will have hgmaamﬁmwﬁtﬁmﬁﬂ
mmmhmmmua ;&m
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MAINTAINABIULITY CHECKLIST

‘.

SE LECTION OF COMPONENTS

«Which Standards are accep-
table ?

«Which MTRF ix requested?

« Which other components are
likely to be damaged in case
of a failure?

«]s the component available
in the customers country?

«Can a failure be indicated?
How? MTBF?

«Can the function be tested?
How?

sDoes the selected componant

comply with the specifica«
tons ?

ASSEMBLY OF COMPONENTS

sliaw is the component Asshin-

<Which tosls and aids are need-
od? Are they available ?

~Same for disassembly ?

s1s written instruction needed?

»Threaded holes for ass. or
didhssembly ?

pace around the component

pr removal?
M other mm!n have
4 be removed to facilitate
raplacement ?

sinstructions for instaliation
ol Woting?

dmite for funciion or wear ?

mﬁﬂhﬁlﬁ‘?ﬂ

4.

APPENDIX |

&

MODULARIZATION

~Which level of modularization
is the most suitable?

~Which of pur standard modules
are acceptable?

- Which level of skill is neces-
sary for replacement of the
module?

«1s this module available in the
customers country?

«Can the function be tested ?
How? MTRF?

-Are test counections standard?
If not, can they be added?

«Can the module be rep
cally ? Necessary skill hﬁi?

MOUNTING OF MODULA

«How is the mounting of the mes
dule designed?
+Which toale and aide are mﬁ

~ed? Are they available ?

«Same for dismounting?
~ls written instruction needsd ?
«Lifting facilitias ? Available ?

«Space suough for the remeval
of the module ? For nsting?

-Space for tools and lifting dov. ?
«What must be ramoved to r0»
place the module ?
siastructions for nm?
; l , for m&g? Resen
3 St

nMﬁﬁDﬂ‘ﬁ%?




Maintainability checkiist, continued.

4. GENF.RAL DESIGN T CHNICAL COMPLEXITY MTB3F MTTR

= Does the compleie eyuipment contain

Electronic compoenents ? How many ?

Printed integrated circuite ? How many ”

Electric relais ? How maay ?

Circuit breakers ? How tmany 7

Manual switches ? How many ?

Electric DC-motors ? How many ? Types?

Electric AC-n:otors ? How mony ? Types?

Special motors ? How many ? Which types ?

Generators? How many? Which types?

Cables”? What types ? Connection types ? i
Limit switches? = ‘How 1any ? What types ? e ':i;f':'—figj
Pushbuttons ? ~Lamps? Instruments? Indicators? N

Hydraulic pumps ?
Hydraulic motors ?
Hydnaulic cylinders ?
Directional valves ?
Pressure control valves ?
Flow control valves ?
Fluidistors ?

Filters ? Strainers ?
Hoses ?

Dust filters? Instraments ?
Pneumatic motors ?

Prnesumatic directional valves?
Flow control valves ? L
Pressure control valves ?

Retating connections ?

Hosea ?
Filters? | Noise dampers” Test valves? Test conn
Lubricators ? Oil circulation pumps ?

Oil tanks ? ~ Level indicatora 7 Flow indicators ?




Maintainability checklist, continued.
5, NORMATIVE MAINTENANCE URGANLZAL O,

Which manning would be ablc ‘o 1ake care of all maintenance activities ?

Give the figures in manhours per one thousand hour of nperation.

m

Mech.Eng. {Electr. Eng,. Electronic Eng. Hydraulic C'her Eng.
Eng. ]
Mech. maint. techn, Elcctr. maint. techn, Electronic maint. techa.
 — |
Fitter | Fitter II Fitter III Fitter IV
Welder | Welder II Electr. I Electr. 1I Electe, i
Pipe fitter | -J'Mmiur l(:t!‘ftﬁhr Bricklayer
Semiskilled mech. Semiekilled electr.
" , — oo -
Daytime ? Nightwatch ?
ISR Gt
s tesls ? ?;:i;!m units ? 10ther machines?
A — W —

Tranapert m!t for perasonnel ?

- ”

" __—

| Transport squipment for parts aud modules?

P———

Calsulated value of spare parts ?

1s & opare part list supplied?









