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STUDY ON

EXPANSION OF KKFAIR AND VJxlKTEI.'ANCE FACILITIES 
AND PKOaRESSIVE PRODUCTION OF PARTS, COMPONENTS AND 

SIMPLE MACHINE TOOLS IN DEVELOPING COUNTRIES

The Final Report
The Ccmce-pl of Comp! cx Syr Lea of Priver/. ivo Me i; ¿ter-".re­
ef Capital Goods, Indu:trial Plr-ntr. în Dr-volooin." Countries.

1 . In tro d u c tic n

The industrial plant is assumed ns a production system. The 
Preventive Maintenance Svstca / ?,3 / in one of the inductriel 
plant 'a subsystems. In accordance with the system approach 
in introducing the PM3 it in necessary, already in the techno­
logical design project of the PMi, to provide for the technical 
equipment end quality of staff at such levm that in required 
by the most complex subsystem of the- whole industrial plant.
The complex thtS does not cover solely the Capital Goode Industry, 
but is concerned with the entire industry of any devc-loping 
country, as indeed of any highly industrialized country. In its 
principles the complex PMS in indispensable for simple industrial 
plants of any kind, in the seme way as fer the works turning out 
sophisticated products.
However, in the developing countries, the FMS may, and most likely 
will have its peculiar’’* ie.. Thes.e consist in the fact that rpy 
many instances even less complex capital goods will have to be 
manufactured on p. sophisticated production equipment.
Though the principles of TVZ apply generally, consideration will 
have to be given to th. necessity cf preparing a specific 
project of n complex PM3 for each individual industrial plant.



The origin of cmintcnce sy* ten.
Alon~ with the development of industrial level in the individual 
countries, the maintenance level hoe been «level 'ping, too.
A. First genera Men - maintenance to remedy fault o
B. Second generation - Preventive maintenance won g~rvTnt?d a?

a system at Ford ôtor Company in 1910. 
Under various modifications it hoc been 
widely used in indue trial countries till 
late fifties to beginning sixties.

■ Differentiated preventive maintenance 
¿iecrimina ting ss for the importance amongs 
the individual items of equip:a-nt. The FI1S 
takes care of the production means in 
a differentiating way according to their 
importance arid is cosing into use since 
the end of sixties.

C. Third generation

D. Fourth generation - This is a self-diagnostics of faults and
the PMS, v.ith automatic protection of the 
equipments against defects. It is developed 
on highly complex and expensive equipments 
within an automated production system.

Generally, it may be said that the second and third generation 
subsystems are prevailing till the present time in all industrial 
trenches and in all countries.

Definition of Preventive Maintenance
Although there is no universally applicable single definition of 
preventive maintenance, regardless of the achieved standard of PKS, 
it should involve, at any rate, the following targets and actions:
1. Periodic inspection of Plant Assets and Equipment to uncover 

conditions leedir.g to production breakdowns or harmful 
depreciation.

2. Upkeep of plant to sterilize such conditions, or to adjust or 
repair such conditions while they ore still in a minor stage.
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Differentiation of machinery and equipment importance
thereby differentiating the asintensnce mode*. 

4. Complexity of preventive maintenance.
5* Planning and control.
6. Economic effectiveness.
în the introductory part of this dreft report the necessity of

stressed. In his boot nFactory Stenegeeant end Keinten&nce",
Ur. G.Q.Wyder gives a very precise answer to the question 
"Why Industry needs RK»?"
Preventive maintenance is not a cure-all for excessive downtiae

with vfhich P3S5 must be integrated to achieve an efficient plant -

. ' ' ' ' ■ - ' /1. Less production downtime, v'ith ell its related savings and 
custoner benefits, because of fev»er breakdowns.

22» Less overtime pay for asintensnee sen on ordinary adjustments 
and repairs than for breakdown repairs.

less crowding or maintenance manpower and facilities.
4* Lower repair costs for simple repairs made before breakdowns, 

because less manpower, fewer skills and fewer parte ere. 
needed for planned shutdowns than for breakdowns.

5» Fewer product rejects, less spoilage, better quality control, 
because of property adjusted equipment.

6» Postponement or elimination of cash outlays for premature
^replacement of plant or equipment, because of better conservation 
of assets and increased life expectancy.

7. Less standby equipment needed, thus reducing capital investment.
8. Decline of maintenance costs - labour and material - on asset 

items in the program.
9. Identification of items with high maintenance costs, leading 

to investigation snd correction of causes sud» as
/1/ misapplication, /2/ operator abuse, end/3/ obsolescence.

10. Shift from inefficient "bx9»kdown" maintenance to lc33 costly 
scheduled maintenance, hence better work control.

the PIS for every industrial branch and every plant has been

or high saEintenahce costs. There ere other,maintenance functions
- w — V  - - . . . ,  . .maintenance program, e good paper work eybtes»., work planning end 

scheduling, training, work: measurement, control reports and good 
shop end tools. .
The manor retards wLth which ?y£ hes rewarded its users:

3* Fewer large-scale repairs, end fewer repetitive repairs, hence



11. Better spare parte control, leading to minimus Inventory.
12. Better invetriai relations because production workers 

don't suffer involuntary layoffs or loss of incentive bonus
frua breakdowns.

13. Greater safety for workers, end improved protection for plant, 
leading to lo?.-er compensation and insurance costs.

14. Lo^er dnit cost of manufacture. ?
The activity of Pas is not only to prevent treni corns or cut 
operating costs but also P»SS will improve output and quality of product.
In Gee-eboslovskia, a systematic research and application sf P S  
in the engineering and other industrial branches is carried out 

, by VtfSTE since 1965. Our PJS Bù~e being applied abroad nowfor 
more than ton years.
Thsplte of the fact thet the'TXS principles are basically the seme, 
the complex P355 method offers still e number of progressive *
elements of which the following five ere the most-important Ones, 
while all the remaining elements ore dealt with in the following j
chapters of the present draft report. |

# - -- ' I f1 - complex maintenance scheme
2 - methods of maintenance planning, control end organization
3 - ¿technical normetives including:

- design-operational churecterictics of nechincs and equipments
- repair characteristics of 02chines

4 - technical preparation of repairs
5 - human factor in K S
One of the most progressive elements, which forms the base of the 
whole complex PM3, iscthe technique of evaluating the complexity 
of machines and equipments with respect to the complexity bssed n 
on the number of assemblies, mechanization end automation levels, 
accurecy class, weight end size. The number of evaluation points 
indicates the level of maintenance complexity. The Czechoslovak ! 
evaluation technique works with 13 evaluation degrees.
Another progressive element is the evaluation of preventive repairs 
of oech piece of equipment which enables to establish an optimum 
organization of the PS© on every plant»
Last but not least factor of PMS to be mentioned is thè evaluation 
of economical effectiveness of the performed preventive maintenance'



of the individual eqnpif.nls, as «ell os of the «hole KiS.
The method of econonic&l evolution involves both physical and
¿torsi- rear. The eccr.c.-rc evaluation of the P-5 .is an Important 
inctrauent for the ann^'esent of economical effectiveness of the 
entire production process.

Preventive T-eintmnce •"O 'ofT^xtofetid capital goods
*

¿«toasted techno/, ogieej. equipments=src installed In r^ny developing 
countries. It is sssuaed that the autonation will continue end
the a?thodololjy ? oi preventiye aainltncnce of automated ^^chines 
and equipment«ill thus require some attention.
The basic principled' of the P^S have a general validity, yet it“ 
must ha said thet Specific vlcrws hove to be applied for cutometed 
equipment an^ jit would not be expedient to.bring together the 
methodology of conventional and automated machines to form one «hole.
fb$ priority in the processing is given the "methodology of Complex 
System of Preventive Bepeirs of .Capital Goods in Indue trial Plants 
in Developing; Cour.tries", which in applicable in every industrial 
plant. _ ; . °
The wethodolory rf cotnplrx system of preventive repairs of 
eutornete.i equiprints is specifically focused at the
engineering ps.^^tr^ equipped with HC acechine tools.

2. Analyses of Capital Goods Kuintenence System
i ’ .

2*0 gegic tcring
The tern Capital Goods designates equipcsits used in the production

* machines including their outfit (accessories)
- technological equipments
- auxiliary equipments
Not only engineering production as such,hut also other types of 

production which ore using Capital Goode of lower up to medium 
complexity, frll under this torn /textile mills, food induntry etc./.

The basic evaluation factor to measure the effectiveness of 
capital good» utilization is the utility value. Applied to a given 
working equipment the utility value is the quantitative expression 
of it.3 technical end other parameters describing itn cnrability of
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of fulfilling s particu. . function in the production process 
over a given The utility value is naturally subject to
a decrease through the entire duration of the exploitation 
period, i.e. frost the moment of acquisition and installation 
of the production equipment till the time of its full depreciation 
end scrapping, with a varying decrease gradient at different 
periods of the shole exploitation tise.

Tbe Kr.iritenanr.e of Canitnl Goods 5.s gn orsanized process which 
in it5 results acts against the natural decline of utility value»
The set hods of Capital Goods «aeintenarice result altogether in 
a mosrc.itsry increase of the utility value. The gradient of utility 
value decline cannot be Jirectly affected by the maintenance * 
being largely dependent on the machine design and cn its oporet. ionel 
load. A repair of the senbine-ceases, however* its utility value 
to jump up. Talking about the metheds of ihcreesing the 
effectiveness of Cspital Goods ¿feintenence, we h-*ve in oar aind 
the exactly fixed time end conditions under which a given 
maintenance action will bring optimum results.

The complex-analysis end subsequent project of Capital Goods 
'Jteinten&nce System therefore heve to originate from the following 
basic enalytjcal steps:
- technicel analysis
- general scheme and prgeniznU cn
- analysis of realization conditions in the specific plant 
.. of the developing country

gTl Technical analysis of Capital Goods aeintenence
The technical snalyeis of Capital Goods Maintenance is aim^d 

at the following problem groups:
- capital goods fund - groups
- specific properties of capital goods groups

differentiation of capital goods with regard to lahourioueness 
of maintenance

• norcatives of maintenance lsbouriousness
- technical means of maintenance and xealizetion terms

The technical enalyris is thus focused ot the acquisition and 
evelunti on of data which will have to bo considered when answering 
the following questions:



\.hat ic the object ci v.'.inten'-'.nce
ho* much time it taking the maintenance
vd.ot scans are needed to rclioze the maintenance

2.1.1 Capital Goods_Fund
* * * hi

>.« i. «
th respect to their position
1 Good; ary bo classed into;

in the product ic-n process the

■» ; -K*! . .  .  . k

II. common

III.auxiliary

IV. special

their brenhsev.r: ary jeopardize the plant production 
since the given tcciMioluf̂ r cannot be replaced by 
another one. These are e.g. high-precision machines, 
machines of outsized peroneters, also of high 
investment cost.
the most numerous group - majority of pr.;s vet ion 
machines, technologically replaceable 
production moans of high technological replaceafcilit 
at which mostly of a low exploitstion coefficient 
and lor invc£ttsont cost
production means requiring combined maintenance - 
e.g. electrical, mechanical and electronic - of whic 
e typical example are the NC machine tools

In evaluating the Capitol Goods' the overall layout of the 
technological process is to be considered at well: In a common 
shop-floor set-up of conventional machine tools, to which the stock 
is to be deiivcreu, e.g. by means of an electric truck,the question 
of maintenance of conveying means does not call for any special 
attention, a replacement transport means being reacily available.
In contrast to tni3 are the Flexible ;*anufac taring Systems where 
the inter-operational transfer equipment forms the backbone of tho 
system thus f«oiling into the group of tight items of capital goods 
and, consequently, its maintenance is of high grade importance.

From the above said- follows that the capital goods can be 
approached and dealt with:
- individually
- as groups
• grouped in flexible production systems 
- incorporated in CAM*»typc systems
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2,12 Specific prcpv-rlicii of ¿’.roups with regard tc ¡sointcn' r.t
Fir,. 1 gives a rough compnri i.c n of technic el structure of demand for 

uaintenKnee of the at-eve mer.ticnod croups of c*rpitfl f*cô s. From 
this fit ore follows thr.t some groups are not requiring all types 
of maintenance and, moreover, thet the techniccl structure of 
tiomo typos cf T̂ intcrancc variee within one group of capitel goods.

fie... 2 gives a eerperifon of the mentioned groups with record 
to their exploitation in v.crk end their x-. iotenence time. The 
lstfer figure shews that in addition to f ~J higher nt ili>~-ti cn 
of tight end snecirri machines employed in higher levels of 
exploitation, the maintenance time is cut down, too. Totrl lcv.*i- 
tiarco of these cspitc.l goods groups are lower, net ally in the case 
of automated systems.

2.1.3 Capital goods differentiation with regard to labour!ousness 
of their maintenance
In differentiating the capital geode, the basic criterion 

is to be seen in their operational readiness, i.e.
- admissible degree of pr it; on outage due to repeirs
- degree of utilisation
- allowable failure rate
- degree of prevention

The above aer.ticned indexes.-. arc qualified by moans of classifying 
attributes /signs/ - see Table 1, column 4 - which are applied to 
designate:
- degree of technological replaceability
- requirements* re degree of dependability
- aspects of mechine utilisation related to time
- requirements re accuracy of machines and equipments
- beesring of investment cofits upon classifying mechanism
- influence of frequency of equul type machines with 

a profound knov.'ledge» of their wear and tear process
- and assumption produced by low technical status, of 

machines, etc.

For the classifying attributes •jigne - see Table 1



Teble t. Classifying signs of labouriousncss of capitol goods maintenance.
Item
No*
1

Group
2

Serviceability demand 
__________ 3_____ _ ___

Typical 
représentants _______4______

Cluccifying characteristics 
5 •

lA tight
machineryand
equipment

21 -maximum serviceability 31- tight
irrespective of costs machines and

equipment

22- production outâ je*clus 32 -production 
to schedulrd repars xepi . linesut min*,vapairs dor.t or* : non-working d.tys /shift*/

23 - absence of breakdowns .33 - transport except for unforeseen- : equipmentcble reasons /material, 
attendance or sic./

41 - technological replaceubility of 
machines exists in rare casco, 
defect means a direct disturbance 
in production process /notably 
machines ibrcp&ol&lized technology/

42—  maximum demand on dependability, 
cost of repair unimportant 
/repair customs with highest 
prevention share-'employed/

43- other signs for choice of machines 
and equipts, fall especially into the sphere of high utilization of 
machines /3-^hift run/} requires 
individual ar.cro.ich .according to 
epee’fie conditions and amour.t of influence by other sit/r.s

44 - high-precision demands both v.ith special machines and conventional machines adapted for high-precision 
p-ru auction

IB
2A

important i 21b 
objects !
common ] 21 -

ii«i

45 • costly rr./cs culling for economical 
payback -unites otherwise classed

! 46 - unique machines acquired to solve 
, bottl.necks 3r. producti.en technology

dependable technical 1 
condition
admissible calculated. 
outQge of production ; 
due to scheduled 
repairs

; 47 -other signs aimed to achieve 
j maximam serviceability

31B -  boiler ¡410-key importance fer object technology
wutcrUtrent«l 42,i 1 'd/ ifi cr-o-e p i ci e m 1 olct;i e. 1 importance 
ment, plants,; 43H - exceptional working-environment or 
cleaning, object-feervir./: equipment
sewurage 4413 - extra-safe ty requirements



Table 1 /ctd*/ Classifying signs of labou r i gumness of capital goods maintenance.

Group
2

Serviceability demand Typical
rcprasent.onts

3 4
Classifying characteristics 

5

22

23

-assumed optimum failure 31- common
rate within planned 
limit
• extra costs cf 
unplanned repairs to be 
covered from savings# 
or. economical utiliz'n 
of tight avuchines repair systems

machines and 
equipment 
mostly 
replaceable

24 - substitute technology 
mostly bringing about 
reserves in capacity 
of machinery equipment - 
one of the limiting 
factors

41 - technological rsplaccability
of machines and equipments

42 - average degrve of utilizationrelated to time
43 - dependability decree limited/reduced/ t;; the applicability 

c* a cubiti tute technology
44 - machines expected to renderccrv'uor production precision
45 - iiv.pcrtHnt factor oftenranking alto exacting machines 

irto this group is tne frequency aspect, high stelli 
of m-iiifltcnsr.ee staff, 
availability of spare parts ct

operational 21B - cc ..h degree of 
serviceability

31 B- production, 
hulls cf common 
technology

41b- permissible level of allov/cble
V, rir

4213- r iuced dcn.ur.ds of internal equipments



Table X /ctd*/ Classifying signs of labouriounness of c.v.>5 tol >:oods mcintenuncc

Itesr
No*
X

Group

2 _ _

Serviceability demand

3A auxiliary . ! 21 - lower exploitation
machines and 
equipment

3B auxiliary

rate
i 22 -  econom ical methods 
• o f  maintenance

T yp ic a l
representants

32B -  a d m in is tra t iv e  ob je c ts
33B -  worHti road  

systems
; 23 - justified percents^ 34B - water system ; of failures
i /unplanned repairs: 3, . auxllii.ry naa
; and equipt.
■ 32 - common machineto o ls  in  subside
; shops with low
i ex p o lit. rote

2 Id -  low  demands op 
se rv ice

:31B-stcvebouses ; w ith
i conven tiona l
! equipment

C la ss ify in g , c h u ra c t t r io t ic s

................ ........................................................................>: . . . . .................. . . . . .

43W -  tom.;.on worVsing envi ror.rn^nt

41 - fasy replacement and
substitution

. 42 - utilisation of machines irregular, occasional
43 - dcpej.cuiuii l.y practicallynot required ' <
44 - lower.t technics] standardconsidered to be rebuilt 

or disf.osod of
4 IB- objects to be reconstructed : or cltmoli shed in near future
42 - cubsidi.t^y stcr«e, ;

penthouses, sheds j
432- fencing j
44B -canal is at ions and sis».



¿*1 .4  LEPBUrioucness narra itiv e s  o f  Capri u i G 'io îs  tiyintCKbiiCu

The indispensable scope of* mniniennnce of mc-chines and 
equip-nenls - i£+2 - for the calender year i? defined es a function 
cf so Ci.lled "Lsbourioupness fierce of operational maintenance". 
This degree not only expresses the annual volume of itaintenance 
jobs, but also their character end scheduling v/ith regBrd to 
the importance degrees of each EI+E item. The technically substanti­
ated process of establishing: the labouriousness degree eu^natss 
from the selected characteristics:
I. Desirn-onersLionel characteristic - exposes for each M+B 

iteni the criteria of design and operation:
A - complexity 
Б - technical standard 
C - v-eight and sise 
D - degree of required eccurocy

II. Rgpeir characteristic - outlines the repair conditions of 
K+2 systems
a - labourioueness compered with preceding period 
b - level of reperebility
c - professional specialization of maintenance men, capacity 

and qualifications of repair steff 
d - technics! outfit of maintenance staff 
e - availability of spare parts
f - locetion of production and maintensnee organizations
The evaluation of the mentioned characteristics enables each 

of the M+B item to be escigned on.? of the 13 stimulating degrees 
of labouriousness of operational maintenance /see Table 2 "Repair 
characteristic" next page/.

Booed on the method applied by VüûïE for the differentiated 
maintenance, tables were prepared difierentiated according to the 
iaportcnce of Capital Goods for the given degree of lnbourioucness. 
The letter is then defined directly by the respective normative 
data for the purposeо of snnunl schedule of operational maintenance 
activities.
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I. Explftnet.cn of Design-Qpcrational Characteristic 
of Capital Goods

A - Complexity of machines end equipments
fchen stipulating the criteria of maintenance lnbouriouaness 

the complexity of prccoction equipment can be comprehensively 
characterized by the number of eaoential functional units, 
i.e. assemblies, from vrhich the evaluated nuchine is composed.

The applied C.G. classifications according to design, assembly, 
technology or function ere not uniform, nor do they precisely 
expre.' s the maintenance and repair aspects. The number of these 
basic functional aschire-ard-equipæeiït system^ may be established 
from the machine data chart, from the description of machine and 
production equipment, or from other technical documentation, 
technical terms or standards. Usually, a separate technical 
documentation is prepared on these sectional functional systems 
or mechenisms to be at hand for maintenance and repeir planning.

The number of assembly groups or assembly components remains 
thus as the riterion expressing the degree of complexity of the 
individual machines and equipments.

definition:
An assembly group is ouch part of the production capital goods 

thot forms a self-contained, detachable end reparable or replace­
able assembly group ensuring a given basic function of the M+E.

- s u p p o

- d r i v i n g

- w o r k i n g

t i n g
These are e.g. the following mechanisms:

/bed, column, block, box, cutter, 
baseplate, pallet/
/motors, gearings, couplings, 
distribution systems and s>m»/
/with main working, or auxiliary feeding , 
and approaching motions/

- m a n i p u l a t i n g  /handling of blanks, tools, swarf etc*/ 
and systems of
- c o n t r o l  /mechanical, hydraulic, pneumatic,electric/
-> c h e c k i n g  and s o r t i n g .

The assembly group may be also regarded aa an ingeniously 
arranged functional part of M+E, system or mechanism, i.e. assembly
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group consisting of subassemblies of lover order inducing ell 
eye teas end rcochr.nisna composed of functionally nesocioted 
neebcrs end etsenibly repU^ccaent perte /spore perts/ and 
components associated in various ways.
Exr.:~p3 c :

Arrccsn-^nt o*' rrabcr of arremhly croups of s universal lathe*

Puretion systess 
or mechanisms of 
C.G. A&Z/

Assembly group
t
Husbcr cf 
assemblies

■ 1. supporting machine bed incl* tailstcek
Iir

1
2. driving electric motor 1
3* gear drives gearbox 1
4. distributing apron and threadcutting box 1
5- working with 

main motion headstock including controls 1
6. working with 

Euxil*motion
csrrirge and slides including 

control m&c'rsnisms 1
7. manipulating { -
8* operating - -
9* controlling - -
1C* auxiiiaiy cooling 1
11* inspection - -
12» additional - ■ -
13* outfit 1

— -  -  -------------------  f
-

Total number of assemblies **

On technological machines or other production équipaient, the 
number of assemblies may go as high as to 20* In grouping the 
machines and the aechsnisms in series /tandem-like/, or perallelly, 
or in come other kids of groups or compounds to form a complex 
working centre, also in modular or production-line set-up, it is 
necessary to judge every machine on its own merits*

likewise in case of Integrated Production Systems /IPS/, 
AWor.-*.ted of Flexible Production Systems /APS or KPS/ it is 
nec®8;«ry for the évaluation of maintenance labour!ousness by 
estima tin," the degree of complexity cf mentioned production systems,



first to dissociate them according to sectional production 
systems to individual production units which c*»n be judged eech 
on its o-vn merits.
В -  Tcchnicfp level ^-jacch-nir.fit.ion and automation level

Тье techr.icel level is chcrecterirod by the objective codes
which ii:;- cousin.; the x-iehines end equipments into 7 groups:
1— nackircs snd equipments with solely annuel operation
2 - mechanized machines end equipments
3 * rjnchir.os end equipments partly nutoasPted with v/огк cycle

initiated by means cf control mechnnismr.
4 - machines end equipments pertly automated with pro/ram—

controlled work cjrcle by means of central mechanism
t5 - sschines and equipments fully automated v.'ith work cycle

actuated by moans of control mechanisms
6 - r-«chines and equipments fully automated with work cycle

controlled from control programs
7 - machines and equipments fully automated with work cycle

controlled from control program with automatic organisation 
of control process - program 

8-9- not yet classed
The mentioned code numbers detiiti«eting the degree of technical 

level of capital goods are compulsory for nos, 3 end 4 classes 
to be specifically mentioned in supplier's packing lists, invoices 
end other documentation used in the communication between purchaser 
end seller.

In establishing the degree of technical level of a pcrticular 
machine or equipment, it is to be considered for which purpose the 
machine or the equipment has been designed end whet is it expected 
to perform. The technical level degree is in proportion with its 
capability of replacing human labour /manual, control, inspection 
work/.

The design-operational characteristic is fixed according to the 
nochine or equipment value expressed in classifying points. The 
table 3 on next page may assist as an aid for the evaluation 
by points.
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Tables 2 find 3 contain source data for the evaluation cl*
Gco.lr, *,rith regard to the lobouriouaneee of maintenance 

operations in view of their design-operational characteristic.
The resulting total number of points can be expressed and assigned 
to a given nschine as a normative of aaintensnce for the current 
jvar ,,a bell os the normative 01 major overhaul labouriou^nens.
The tobies offer other dot3 useful not only for specifying the 
required material and personnel, but also for the maintenance 
planning. The normative^ are prepared in fora of tables ;.'ith 
a simple clue end are uctd by the heed of asintenenee staff.

2,1*5 Technic «el con-li tiens and prereeuisites for reslizeticn 
of Capital Goods ‘.Tnintenence

The maintenance of machinery and equipment consists of the 
following basic activities:
- before failure - singular preventive inspection

- continuous diagnostics
- after failure - detail inspection

- repair of defective component
- replacement of defective component
- long-range evaluation of failure conditions

The singulap preventive inspection is commonly performed on lower 
and medium complexity cepitel goods, e,g, after discovering 
a reject product. This type of inspection mostly requires only 
common maintenance tools and a skilled maintenance msn.

On tight and 8pecial machines the inspection is sometimes 
rather corneliceted and it pays to provide for a continuous 
diagnostics. This is done with the aid Of s special section of 
the electronic control unit. This unit is capable of evaluating 
and indicating an overstepping of permissible limits of given 
parameters, or of transferring the measured values to a higher 
/master/ computer - as is the esse with the FMS. The controlled 
parameters are e,g, vibration, pressure of lubricating oil, 
power consumption, and aim. The respective pick-ups, transducers, 
evaluation circuits and operating instructions are to be supplied, 
in this case, by the machine builder. Subsequent diagnostics means 
completed by the user are inefficient and unreliable.



The detailed inspection follows the aim of ascertaining the 
reni status of such permuterò which are to be measured in 
n Eiore complex technique. An example of this tyre inspection 
is the test of geoactrictl accuracy of the machine, alignment 
of guiaeweys for sliding nsseablies, eccurr.cy of coordinate 
measuring end positioning;, rigidity, etc. In this esse the 
accuracy of the xer.rîring technique is stressed, the testing 
and xeni urln$ inrtrirnrntc ere to he cnc scourscy circs higher 
than the rated accuracy c-f the tested machine. An example 
to illustrate this statement: àSeesurinr of lathe accuracy 
.fay laser and evaluation of meerured values in test chart print-out.

The rergir and possible rcsiecareent of faulty component 
is a relatively common affair as far es niecLsnicel parts of 
machines are concernée. In this case the remedy leads to material 
8nd spare parts stores. Understandably, these maintenance jobs 
may be performed only in observing detailed documentation 
supplied by the machine anker.. To some extent more exacting is 
the repair of hydraulics, or electrical end electronic circuits. 
The difficulty lieu in the aao<int of necessary norc profound, 
knowledge of the principles, that ere not commonly inherent in 
the engineering trade. The documentation is much more complex 
and so is the repair technology /e.g. replacement of an integrated 
circuit in printed circuits/. From these reasons a deteil training 
of maintenance staff is here an inevitable prerequisite. The best 
suitable piece for the training is with the supplier or builder 
of the machine.

The lonr-ronre evaluation of failure conditions is substantial 
on more complex production systems, such as FUS and ‘CAM. On these 
systems it proves effective to hove the evaluation solved on 
a computer which is continually acquiring the data from the 
production system and effects their preliminary classification.
In this case the "Post mortem" recording technique ̂ finds its 
epplicetion. The analysis of these data enables the critical data 
of the production system,net only with respect to the production 
but also to the mointénonce, to be discovered. In addition to thia 
it is possible to obtain source documents for the scheduling of 
preventive inspections. The job is solved by suggesting the data



ncçui sitiûii syslca /vhut kind of data, how frequently, whst 
input de vi cea to bo used for their storage, etc./, hardware 
data scouisitien system /computer, interface, ner.ory type, 
channels/ and foitwsre data acquisition and evaluation 
./interruption ayeteia, peripheral drivers, file management, 
sorting, grouping etc./.

The technical prerequisites of capital coeds maintenance 
cry be briefly summarised as follows:
primary
- basic ¿ocu?aentntion of machine

- - maintenance documentation on machine
- instrument en3 tool outfit
to test operating parameters of machine

- spare parts
- disassembly and reassembly instruments and tool outfit
- technological equipment for the repair of defective 
components end material for repair or production of components

- stocks of spare parts and necessary material
• transport
- organisation of distribution
- organization of maintenance and repair technology
- planning and securing of maintenance and repairs
- faults recording and evaluating devices
- record on realized maintenance of capital goods
- financial backing
- personnel backing
• training of maintenance staff
• contract terms from suppliers
The primary prerequisites for the realization of Capital Goods 

Maintenance are indispensable. The effectivity of Capital Ooods 
Maintenance depends, however, on a complex provision of the 
secondary prerequisites as well.



2.2 General fiches? i■’•jvî or̂ .nispticn of Cf.pilai Goods L.r.intcnenco
fXhc tens "sr.5.ni rr/.r;- involves n regular care aimed to ensure

a i\jll services* ility, or to remove minor defects* A3 n rule, 
while bo ins maintained, the capital goode are sene rally not 
rendered inoperable.

Tne term "rear? rw involves remedy of partial wear and tear 
nc well os of major faults, .luring the repair the cp.chir.e is 
out of service.

The Jr.pital Geode iaintenance includes following activities:
glannée net ivitiss
- âûily mnixrtcnmce - checkin" and superficiel treatment performed

by the machiné attendant
- inspection - to supplier's instruction and inspection

date sheet, capacity planned with timetable
/short intervals/
carried out by maintenance staff

- survey - an inspection of not finely fixed scope,
capacity planned with timetable,
applied £>r common machines Bid auxiliary equipt.
carried out by maintenance staff

- operational repair - removal of shortcomings caused by rear,
technically not stipulated beforehand 
capacity planned beforehand, 
tern fixed depending on emount of wear 
carried out by maintenance staff

- major overhaul - largest action aimed to remove effects of wear
or damage and so to bring machine parameters 
to the original or predetermined level 
capacity planned, term fixed by the operational 
period since last major overhaul 
carried out by specialized repair centre

unplanned activities
• minor repairs - non-schedulcd repairs taking loss than

2 hourst technical procedure and time 
not fixed beforehand 
carried out by maintenance staff

- other unplanned
repairs - demanding repairs in easo of breakdowns

carried out by specialized repair centre
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The technical planning of repair activities is based on the 
ncnentives of Inbouricusness /sec pars 2.1.4/» Another factor 
in the planning is the operational aspect - long downtimes of 
a'tchineo cu>y result in unacceptable production outages. It is 
therefore preferable to practice better shorter yet more frequent 
repairs to keep the operating pr.raselors of machine within its 
aerrui 3sible limito, than to po3tpme the repair action till 
th e  term of the necessary nojor overhaul.

the technical cars system is aimed at:
- specialization - aggregating cepitel goods into groups according

to maintenance characteristics and demands for 
the material backing of maintenance needs. 
Specialized maintenance systems are organized 
for these groups of capital goods..

- algorithmization - Trend to limit the intuitive approach to work,
following the aim of convincing the personnel 
about the effectiveness by virtue of observing 
justified technical procedures.

- adaptability - A necessary change in maintenance activities
under different conditions, e.g, ageing of 
machines,

- recordedinformation - Technical sheets on sequence of maintenance 
operations take in account systematically 
acquired data over a long period of time, which 
ore stored in the information system data bank.

- integration - The technical care control is an integral part
of the production_pgocess managements

Economical analysis of Capital Poods Maintenance
Capital goode are subjected to wear in the production process, 

namely:
- physical wear - material wear and tear due to physical end

chemical influences
* moral wear - economical wear due to the ever growing trend

of productivity and technical progress



In its results the technical care acts against the effects 
of physical veer /vrhile new investments ere the answer in matching 
; effects of coral wear/, From the economical point of view 
t-.r condition of capital goods is measured by the vnluo of 
c hjçtion losses caused by downtimes /production outages/,
*3 indicates the time course of the production losses in 

• I^!icn to the- maintenance costs parameter. Fig. 3 proves 
. or-vincingly that the production losses tend to grow starting 

?- a certain moment. This cornent Î3 given by the statistical 
.lysis of nr r-c hi ne faults in relation to the intervening period 

■ time. A suitable organization of maintenance is capable of 
. -vring such moment quite considt ably.

as mentioned in pare 2.0 the physical wear results in the 
ine of utility value. The maintenance including diagnostics, 

inspections, etc, enables the repairs, causing the utility value 
to increase in a jump to the original or at least admissible level, 
io bo planned more accurately. This fact is illustrated in Fig, 4,

The purpose of the technical care planning is to schedule 
the repairs at optimum intervals with regard to the mentioned 
course of the utility vslue tendency, to the increments of utility 
value due to repairs within limit costs a', which the capital goods 
final depreciation is economically justified. Another factor 
included in the maintenance plan is the operational aspect of the 
.ifven production unit, e.g. in agriculture or season-bound 
'.recessing industries the repairs are scheduled outside the main 
activity period. In the engineering industry the repairs are 
scheduled for the time of factory holiday, etc.

There are several methods how to optimize the timetable of 
repairs.

Along with the timetable of repairs other problems associated 
with the maintenance have to be solved:
- financial costs planning
- material and spare parts purchasing list
- renewal scheme of maintenance centres outfit
- calculation of space required by maintenance
- storage end transport planning
- deoenb for personnel to secure maintenance and auxiliary service
- scheme of personnel qualification growth#
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fite evaluation ci zsnintewir.ee effectivenen is fcciirvj as 
a feedback in the management process. Once againv there is 
a number of exact methods based on specific indexes. The Luck 
graphic method is an example of then. Here ie its brief 
description.

The Luck method is working vri ‘h sixteen indexes divided 
into following four groups:
- planning
- work utilisation of maintenance
— costs of maintenance
- wording productivity of maintenance staff
Enlisted in a tabic are the planned and actual values of the 

mentioned indexes. Compiled from them ere then the four graphs, 
each one for e group of four indexes. These values are plotted at 
the sices of the square graph. The values at the opposite sides 
of the square are interconnected by lines and the point of inter» 
section of both ̂ connecting lines fells into a specific field 
narked fron the best result down to the worst one as follows:

B ... excellent 
0 ••• good 
+A ... above average 
A ... average 
-A ••• under average 
P ... poor 
The results fron the 

fou” graphs are trans­
ferred into the resulting 
graph in which they are 
narked always at one side. 
The nain scale ranging 
fron 0 to 100 forms the 
diagonal of the resulting 
square graph* On itv by 
means of e normal which 
la dro~?ed from the

Planning of Maintenance

X a +A A -A P
productivity of Maintenance

intersection point of lines designating actually obtained values, 
it is poosiblex.to assess the aggregate realization of all the
sixteen indexes, xt

Exploitation of Maintenance



3. Euertnn Factor
In the developing countries the essential problem of development 

of capitsl goods production is the preparation and training of 
skilled employee© for the production plants*

For the realization of PES the problem of skilled staff ia 
of a still greater importance. This is bec3U::e of the feet that 
while it is possible to replace a skilled worker by automated 
equipment in the production process, such possibility does not 
exist in the PLS5 which can be materialized only through skilled 
techniciens end workers.

Qualities required from the PiaS teem:
9/ capnbility of understanding the functional concept of production 

equipment
b/ qualification in specialized professions: engineer, electrician, 

electronic
e/ capability of locating the source of feilapfe /trouble-shooting/ 
d/ technical intelligence and manual skill

The multi-professional working team for the preventive 
maintenance of capital goods consists of managers, graduated 
engineers, technicians and experienced workers.

For each specific industrial plant in the developing country 
a project of PUS is to be elaborated with detail plan of education 
and training of the required specialists.

An important factor in the steff preparation for PUS is the 
motivetion, personal evaluation and financial incentives aye* cm.

4* Preventive Maintenance Projects - PHS
The project of preventive maintenance of cepital goods in 

new plants is an integral part of the complex works project.
The PUS projects in the existing plants will bear the character 
of rationalization projects.

Irrespective whether new or already existing plant is in 
question, the project must be based on the principles of 
a complex Capital Goods PUS.



Observing the- nu-nticncd principle r.esns, in case of g cneeifie 
project, to emphasize especially:
— definition of PiiS complex methodology of maintenance concept
- up«eeifici.tion of technical equipment of ¡saintenancc shop,
i.e. diagnostics equipment, technological equipment of the 
repair of damaged components, end possibly manufacture of
spare port3

- elaboration of the organization project of management and 
planning of maintenance in connection with the production
prOCPSB

- elaboration cf the project of unification and standardization 
of components and instruments from the technical equipment, 
to facilitate their maintenance. E.g. one type of electrical 
equipment, one approach to standardization according to one 
system of standards- ISA, DIK - , one kind of electrical cycle etc

- stipulation of PiSS rationalization terms which are to be 
projected into the technological project of production, i.e. 
installation end layout of machines with respect to the production 
needs as well as to the maintenance needs. Machines must be 
accessible for maintenance purposes, hoisting equipment must be 
provided in the shops, space must be left for the transport of 
heavy and bulky components, etc.

- prepsration and education scheme of P?JS staff

Rationalization projects of B !5
In elaborating the rationalization projects for PUS introduction 

the principles of the accepted PUS methodology under specific 
conditions of a given industrial plant have to be observed.

On the basis of PUS methodology standard schemes, both of 
basic as well as rationalization projects, will have to be prepared.

The projects of rationalization and application of PUS ore 
verified in practice and produce in all events an improvement in 
the production process economy of 15 to 25%.

à specific port of the rationalization projects is the strategy 
of rcticnolizstion, i.e. identification of conditions on a specific 
plant under which the PUS can be successfully introduced.



5* Preventive igainten-ince problems-capital poods producer^ side

The complex methodology of preventive maintenance of capital 
goods in the production plants is a very inportent base also for 
the manufacturer of capital goods, in their designing as well as 
marketing and servicing with the user.

Cn the basis of PiiS it is possible to design the structure 
of commercial end technical services with the maker, i.e.
b/ marketing

as»i&tsr.ce to user in pre-project and project activities 
b/ sales service

- maintenance manuals
- training of operators
- deliveries of spare parts 

C/ after sale service
- diagnostics - inspection service
- preventive service calls, etc. 

d/ PfcSS documentation
- manuals on diagnostics
-» shop drawings of spsre parts
- technological documentation of the production of spsre parts
- machine data chart

e/ deliveries of spare parts
- first standby set supplied with the machine
- set to cover a long-term service
- set for major overhaul 

f/ information service
- training of client's technicians end workers
- various forms of training
- completion end updating of operating and maintenance manuals
- speciel forms of serfice

g/ cooperation of mnnufocturcrjrith user
An economically effective exploitation of the production 
equipment depends largely on a good cooperation between the 
machine builder and user. The cooperation is to bo precisely 
agreed beforehand and possibly confirmed in a contractual form. 
The cooperation mostly concerns the following fields of,ftftttaity



Field of activity Maker's ©hare User's shore 
in % in %

Maintenance documentation 70 30
Sparc pnrt3 and assemblies 90 10
Service diagnostics 90-100 0-10
Kepcirs end operational 
diagnostics 10- 40 60-90

Free!icel experience in the Czechoslovak industry witnesses 
that in the industrial plants working with en established P t? S 
ooac SO-85% of all repairs, except for general overbpjLs effected 
by specialized centres, can be covered by the plant itself using 
their own forces. A precondition of this, however, is a preceding 
close cooperation with the supplier.



C
A

W
rA

l C
O

O
PS

 ••
 
JT

. 6
0

7
7

ti
T

-//
£

C
X

 
J[

, 
Ct

/Я
Д

ем
Г

 
£¿

_ 
A

t/
X

/L
/А

Я
Г

 
J¡

£,
 

S
 P

F
C

/А
/.

Ч*

N I

5ч

1

1

4Í

>1

I

IWWPPFJ Û W  3UÛ 70A 33¿/HV3JN/mf

I

S

ч:

"1

¡y.
/ 
6P
OU
PS
 0
F
 С
АР
/Г
А1
 6
O0
Û
S
-
fi
/S
MW
OS
 Г
О 
Û/

FF
FP

FМ
Г
 M

P
Û



JA
/2

¿/
3

j/¿
//<

7 
/

V
/

 
9

Í/
/J

 -
 S

ff
O

O
ÿ 

7У
и/

е/
у5

>~
J

0
 S

J/
7O

&
0

'..I

I

I
77777 7 77777ЖгеЮЯ— I * 
7̂7777У7/У/У17Х>1 I?.
v / / / / y y &  • ~ K
777777777 КХХУуУЯ-------U,

' / / / / / V /  / / / / / / / / / 7 7 7 W j

У / ; / / / / / / / / 7 7 ? 7 7 7 Ш

У / У  Г77У-/7Т7'2Т '  '  ’ ' S ' ' _h- ¿.xi. 1»*м

r .7 7  / / /  У / , /  .■ '  / . ■■- - f ,1 - у -I____ J 7 1

i

□  m  □

1

!
$

!

J

i

5 ^ ^â * à S 
$ ^i

§
$
л —  è0 «j

1  5оя л
о*ar



PRODUCTION
LOSSES

CO ST OF 
(1/ INTFN A NCe

T/fiF

RELATION ВИИДЯа» PWQIXJCTION LOSS AND MAINTENANCE COSTS IN TIME



О
Г

 S
fJ

fN
rE

N
/t

N
C

G
 O

N
 

Г
#

Е
 N

S
E

 M
IO

'G
 0

E
C

O
E

JS
E



i . EVALUATION O F MAINTENANCE EFFE CT/V EN ETI
i lo c k 's ПЕГНЭ0

p la n n in g  ofnam ffnance р

с

G

EXPLOITAT/:
OF nAfNTFNñ/:C¿

A

A

P

E G +A A -A  P

F>j 5  PRODUCTIVITY OF MAINTENANCE




