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1.

STUDY ON
IXPLARSICE OF KRREFATR AND MATKRTEDANCE FACILITIES

AND PROSRESSIVE TRUDUCTICN OF PARTS, CO¥PONEKTS ALD
SIZPLE VACEINE TOOLS IN DEVELCEING COUNTRIZS
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The Final Report

The Concept o7 Complex Svrten of Proventive iaintonuncs
of Cepitul Geols Imdusirial Flente in Seveloning: Countrien

Introduction

s L3

The inductrial plant is asscumed = a2 prodnction sywiiem, The

(.)

Preventive ¥airntenance Systcun / 2.3 / is one of the indusztricl
plent's sutsysetzms. In sccoraance with the syatea approasch

in introdacin, the PY¥S it is nacecsery, alzczcyin the techno-
lozice) deesign projeoct of the Pis, to provide for the (echknic~l
equipasnt and quality of cteff at such level that ie required

bv the most coaplax sutsystezm of the whole inductr plont.

The cermplex Pu5 CJcoes not cover golely the Capit2l Goods Inuctry,
but is concerned with the entire industrv of asnv develoting
country, es indeed of snv hirghly industrislized country. In its
princinlas the comnlex P¥S is indispensable for simple inductrial
plznts of any kind, in the seme wgy ac for the works turnins out

sophisticated prciucte.

Hoxever, in the devoloping countries the FUS mey, snd most likely
will nove itz prculisritie.. Thece consist in the foct thet Eny

meny inctences even less complex capitel goods will heve to be
menufscturced on a sophisticated nroduction equipnment.

Though the principles ef MUS apply gencrally, conzideration will
have to be given to thi necessity c¢f preparing a cpecific
project of & complex DMC Tor cuch individusl induztrial plent.




The crisia of mainterne» sretem.

Alon~ with the developwent of industris) level in the inlivicduel
courtries, the maintenence level has been Jevel ping, tuo.

A. First gencraticn - meintenaznce to reaedy faults

B. Second srnaration - Provontive acintencnee wos cansrat2d ae '

a system ot Perd Xolor Cozpany in 1910.
Uniar various molificsticng it hee heen
wideldy uced in inlustrisl countries till

lete tiftice to Pezinninz sixties,

C. Third gen-retion -~ Differsntiutied preventive zaintcenance
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tekes cas of tha pra'Lc*zun reans in
a differentisti vay eccoriing to their
importance an
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g is cozing into ucse cince !

the ené of sixties. |

D. Feurth gereration - This is s self-diacnostics of faults eng
the P¥S, with automsztic prot-ction of the
ecuipments e~rinst 2efects, It is developed
on highly complex ané expensive eqguipments
vithin an autonated prolucticn system.

Generally, it may be said that the second end thiri gencration
subsystems are preveiling till the precent time in all infustrial
bErenches and in all ccuntriee.

Definition of Praventive Msintensnce

Although there is no univerctally appliceble single definition of
preveniive zzirtenance, regardless of the achieved standard of FS,
it should involve, at any rete, the following tarzeis end actions:

1. Periodic inspection of Plant Assets and Equipment to uncover
conditions leecing to production breskdowns or harmful
deprecistion,

2. Upkeep of plent to sterilize such conditions, or to adjust or
rerair such conditions while they are still in a minor stage.
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3. Ditferentistion of mechinery mnd equipmeéi importance
" thereby ¢ifferentisting the meintencnee modes, '
< 4. Coaplexity of prévenﬁfé"maintenun-‘:e.
5. Planning and contrel. o |
6. Econoxic  effecctiveness. i R

In the introductnrv pert of. thls @reft report the neeesoltv of .
ke PIS for every ineu-trxal branch- enﬂ every pl,nt hes been
stres °eu. In hls bbhk ‘FActbny %pneremn”t anﬁ &blntenance°
Mr. G.Q.&vcer e1ve§_a very preclen‘entwer to the queqtlon
i'“bw Ineuctny needs PﬂS?“ s >'?;gj:;“:‘r - /

sbop ena tool T ‘.;: i? ?rr~f;ﬁ;f~" : : A;f;”

I!L‘.‘..Mr returrs e.z:b jaich PG Hca re \r.-rcel its users:

Sy 1. Lese prodvction downt:mé; u1tb 211 its relsted sav‘ges snﬂ

- cuctoner benefits, “becsuse 01 fener brc»kdovnu.

' 22. Less overtime pay for molrtenence Qen on orulncny a:;uatmbntu
snd repairs then for breakdown repairs.

3. Fever large-scale repeirs, -erd fever repet;t;ve repelrs, kence
‘less crowding or meintenance merponer and facilities. ]

4. Lower repair costs for simple repairs ‘made before brepkdorns,

. becsuse less manpover, fewer skills and fever partc ere
nceded for planned shutdoins then for breakdowns,

_5& Fever prrduct rejzcts, less epoilege, better gquaslity control,
“because of property sdjusted equipment,

6. Postponement or elimination of cash outlays for pﬂezature
replacement of plant or equipaent, becsuse of better conservetion
of assets and increesed life expectancy.

7. Less stendby equipment needed, thus reducing cepital investment,

8. Decline of mairtensnce costs - labour and material - on aaset
ftems in the progrem.

9. Identification of items with hizh naintenance coeta, leading
to inveszticetion snd correeticn ¢f cauees svch as
/1/ misapplication, /2/ operator abuse, 2nd/3/ obsolescence,

10. Shift from inefficient "brikdown” maintenance to leas costly
scheduled mnintenance, hence bettor work control,
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11. Bettcr spure poris éa‘:irél, 1eading to mininug inimn..o‘:y.
f,lz.;Better jndvetrial relstions because production workers .
é¢on’t suffer involuntary levoffs or loss of mcenuve bon.xs
Lo . Jroa bregkiowns. , : . ¥
' 13. Greater safety for v:orkers, end ipproved protection for plent.
leading to low er compensstion snéd insuvrsnce costs.

. 14. Lover unit cost of menufacture. - \; v
~ The i!tctn'xty of pus ie not~ onl,v tb nrn‘vnnt hreakcamb or cut -

: eperatzm* costs nut. al a PAS mdz x.npmve outout aml thty of prodnct. e

In (-::': hoeiov kla, a sy te;utle rnsearch an., ap,)llc‘.tmrz af‘ P.rs
15 ca.-zed b_zt

. 7wh11e elll the remaming el,.me'\t* are dealt \-lth in the follwmg
chapters of the present draft repor t. ) -
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1 -~ complex meintensnce scheme , - ]
2 - - methods of meintenence plenninz, éoritml end orgenizeticn - -
3 - Aechmcal normetives includs 3 ' '
‘= dusipp~opzrational ch seterictics of mechines and equipme..t«- .
' - repair choracteristics of nzchines
4 - tec‘\i'iical pre*~r.1txon of repeirs
5 - human Pfactor in P:5 - .

+ One of the most progressive elemenga, which forms the bsse of . the
" whole complex PUS, iscthe technique of evaluating the complexity
of machines and equlpmcnta with respect to the complexity based
on the number of essemblies, mechenizetion end sutometion levels,
accurecy class, weight amnd size., The nunber of evslustion points
incéicantes the level of mainteneance complexity, The Czechcslovek °
evaluation technigue works with 13 evaluccion fegrees, '

Another progressive element is the evaluation of preventive repairs
of cech picce of equipment which enables to establish an optimum
organizetion of the P¥S on every plent,

. a8t but not leest fuctor of PN3 to be zentioned is thé evalustion
of econonicnl effcetiveness of the performed preventive msintensnce

-




5»of the 1nﬂivxdual GQ)aPﬁfnl as well o2& of the whole Pﬁa.

77 the method of econozicsl CVCIuHIIOD ‘involves both phve:c»l ané
r:m..‘~*es;. The ecencrio “?Plﬂﬁtlun of the U5 is en inoort'nt,
’ inrtkument fb. the i T, eaent of economl.al effect1venaes of the
VCntxre praeuctxon precess. = Tell

.1nes

t:-"; L 1

ausﬁm te5723ébi nes ta ‘ara aue whole.,

?he prxorltv 1h the proce~s1ﬁg is vaen tre "nethr?ology of »omplex j
i Svfte:-o"Pr vent:ve Repnsirs of Ca-;.sl Goode in Infuctrisl Plents J
"7 in Dewe*Oplnp Countries™, vhich is a;pllqable in every ihé;striai, T
”Pa plent. = 5 s ' ' a o -

- -a-h--u

» ~ The wetroﬁolorv 9? complex systom of preventive repairs of ,
, ,7‘7 automgtei erQP‘«aqfeqﬂln",nt" iz sncclfically focused at the
2 engxneerin p;@<; vith NC mechine tools.

#5 ecguipped

O

- ,;72. : Analyees hf‘chpztel Goo.s H.-n'enence Systerm

-~y 20 Besic tcrﬂs , :
' The term Qabltal Cocds desxun°tes equiprants uzed in the preoduction

i,.e. mechines including their outfit (accessorios)

. = technologiczl equipments.
~ auxilisry ecquipnents
Not only engineering production as such,but alzo othor types of .
production vhich sre usrine Cspitsl Goods of lover up to medium
complexity, ferll under thia term /textile mills, food industry etc./.

The basic evalustion factor to meesure the effectiveness of
capitnl goods vtilization is the ytility value. Applird to a given o
working equipment the utility velue is the quantitative expression
of it3 teshnienl end other parnmsters deascriding ite esrebility of




of fulfilling s particu . funciion ia the ﬁroduﬂtion precess
. over. s riven time, The utility velue is nusturnlly subject to
B decrcase throubh the entire durstion of the exploltat‘on -
peraoc, i.e. irom the moment of‘acquxoxtlon ‘and 1nuta;18t10n

LT end scrapplna, vith a vurying decrease gradlent at dxrferent
©  perisdc of heiubo_e exploitatiun tize, - ' -

! X ﬁthﬁl Cools. s em orgenized prccrss h.1ch
'[vln 1ts results aets ara1n°t the natural decline -of utility value.r
The uctho“s o* Cupllal Goaé me1ntenance recult nltc'ethnr in

- i';a' ptapﬂ Falk ngiabc&t tﬁo zgtbcés of 1ncr9331ni he - -
LT effcctlvsngsg.pf Chbltﬂl Gaods Heintenznce, we hove 1n our ajind
the. exactl; fixed tzmeAand conﬁ1tlons uader which a a civen ]

LT na;nte nance. .ection w111 br1nﬁ optlaum resultsl o o

_53* ;_ The complex _enalysis snd subsequsnt project of ispitel Goods
- ueintensnce System therefore heve to originete from the following
bacic enalyt;pal steps:
= technicel enslysic
= _general acheﬁe qnd or;eniznfzvn
).iv? - aralysis of reai ira*ion conditions in th2 speclfic plunt
. of the developing ceuntry

The technzcal analvsxs of Capltal Goods Aaxntenance is aim~d
at the fbllowing problem groups:
- cepitel goods fund - groups
~ specific properties -of espital goods sroups

= differentiation of capitnl gocds with regard to labtouriousness
- of msintenance - .

- norzatives of meintenance labourlouaneas
-~ technical means of maintenznce and realizetion terms

The technicsl enslysis is thus focuzed at the acquisition and
eveluasti on of data which will have to be considered when anéwering
the following questionu:

of the pro*uctxon equipment till the time of ite full {¢oprecisticn

G maﬂrt**rv 1ncrease o; th‘ ut;llty volue.'Thb gracient af- u? 111ty ‘




vhat iz the otjoet er wuintenance
how much time i: taking the anintenance
whot ocans are needed to recliaze the mainterance

o1 Cepit2]l Goods Fund

vith respect to their peszition in the producticn process the

Yoy 4 - S . s [SEER .-
Capital J004r arcy bo clasced 1ntud

“t  ~ tkeir brookdewn moy Jeopzrdize the plurt production
' zince the zivin tecimology cannot be redlsced Ty
onother one. These are e.g. high-precision mzchinee,
zeckines of outsized pzroneters, &)zs of hipt
investmznt cost.
comuch - the zost numearcus group ~ mejority of prul.cticn

nmzckines, technoliogiczliy repleceable
IIX.suxiliary - producticn means of hizh technological replaceebility,
at whlcb nostly of a low exploitetion ecefficiznt

ene lovw inveetmant coct ,
IV. special - praducticn means requiring combirned meintenance -
e.g. electrical, mechsnicel aend electronic - of which
' e typical exzmple are the KC machins tools

In evaluating the Cspital Goods the overall leyout of the
tcchnd‘o;ical process ic to be coinsidcred ae well: In a coxmon
shop-floor set-up of conventionel mechine tools, to which the stock
is to be deliiverev, e.g. by means of &n electric truck,the guestion
of maintcnance of coanveying mesns doss not call for any special
attention, e replacemert transport means being readily eveilatle.
In contrast to this are tiie Flexible ienufacturing Systems where
the inter-operetinnel transicr eguipmcnt forms the backtonz of the
system thus falling into the group of tight items of capitsl goods
and, consequertly, its maintenance is of high gralZe importance.

From the atove said follows that the capitel Snods can be
epprosched and deslt with:

-~ ipdividaally

- £8 gPOUPS

- grouped in flexible production syctems
-~ incorparated in QAMwtypc syctems




2.12

Specific properiles of groups with regsrd o msintononee

Fis. 1 csives a rough compariscn of techniceld Structure of demand for

FCYYH
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tenznce of the above menticnad grovpus of eapite 1 £ocoZze From
i, ure follo.s thet sore groups are not reguiring ell types

e

tries of maintenenee variece within vre group of csebitel joods.

Fise 2 Jivez o acrpmrissn of the mentiored proups with regerd
r exnloitztion in werk end thair muislenence tim;. The

er firare shcrs that in e28itien te § 1 hicher vtilizstion
=t and enecinl mechines empioyed in hicher levels of

-

citetion, the maintcnnnce time is cut Jdown, too. Totrl fcu.=

times of these cepitzl 7so2s zroups ere lower, notelly in the caese

of =

2.1.3 Cepitsl roods 2ifferentiaticen with vresard to labouricusness
’ » ‘ ‘

utomnted systema.

ci their mn;nten"ﬂcﬂ

-~ -—— — -

In differertinrtinz the cepitel geode, the tasic criterion L‘

is to be seen in their operetionsl reediress, i.e. ‘I
-~ adnissible dezree of pr ~ cticn outsge due to repecirs
- derrce of ut)lzzatxon ’
- gllowekle feilure rate
- cCesrce of preventicon

The atove unenticned indexer sre quelificd by mean: of clessifying
strributee /cigns/ - cee Telle ¢, cclumn 4§ - zhicb are a2pnliel to
desiznates
- degree of technologico) replaceebility
- requirements re degrce of dependebility
- gspects of mechine utilizetion relsted to time
- requirements re acevracy ol mechines and equipments
= becrine of invertment cosls upon classifyirz mechanism
- influence of freguency of equsl type machires with

8 profound knovledge of their wear and tesr procese
~ and sgaumption prrduced by low techricsl ststuc of )

rn=chines, etc,

For the cluasifyvin~, attributes = signs « gee Table 1.

sintenance end, morcover, thet tha technicel structure of - '




Teble 1. Cluasifying signs of labouriousncss of capitul geods muintoerance.
Item 3 'rypi'c“‘l .l B ‘e v some 3 %
No. Group Serviceability dgmnnd representants C;u~~1;yinb charucteristice
1 e 3 . 4 5 _
ta  tight 21 - maxinum serviceability 31= tignt 41 - tochirolosical rcplaceahility of
‘machirery irrespective of coste rachines und awcaines exicls in rure cuses,
and_ . equipment defoct mewns o dircet diztu.lunce
cquiprent in production proceszs /rotably
muchine drovecielized techroloyy/
22-»rroduotion outagesdue 32 -rroduction  4e- muxinua dewmard on depernasbility,
to zchedul:d rcpars <ept lirncs cost of repuir unimportunt .
ut min.,repairs dore on /repair systuas with highest
non=working duys /shilty/ rreverntiorn shure enployeld/

23 = ahsence of breakdowns ,33 - transygort 43 - other ;rns ror choic: of michires
except for urioresceé- cjyuipment und equiptse full espuciully into
able rcasors /zuteriul, . the spherc of high utilizuticn ot
stiendance or sic./ muchiree /3=znift wn/; rcqu1r~,

‘1nd1xlluu1 arrroach according to
spee’ e conditions and wiow t of
, irfluence Ly cther si ne
: 44-hibh-pvcci ion demonds both vith
3 speeivl machires and conventioral
i ﬁuchzn g ucurited for righegreocisicn
‘ proviuction
: - 45 -contly z/cs culling for econonicxl
i : paybuek -urlece otrsrwise cluszced
3 {46 -uniyue ma Lh*rcﬁ seyuirad to colwe
: ; hottlinecks & jroductics technolo v
: {47 -other si;ns «imed to acnhieve
- : ; Qaxisum ~e*viccability
1B imprortant ! 21b- deber ahle technlcal 31B - homler t 418 -key izpostuncs for object techrnoly
3 N A ! -~
ohjects . condition houses, = ,o:n o hybxm”uc;1uenuﬁlQ)~ limjortarce
2A common | 21 - admissible calculated watcr treat.;
! outoge of production ment plants,: 438 - exceptional working-envirorment or
i due to scheduled i clecunine, ohject=scrvin/ equipment -

repairs ’e‘urﬂu

e e A cmeiee . Gy hrw By e vme

" 448 -extra~carcty roquirements

I LIRS PP

s . -y

'
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Table 1 /ctd./ Classifying signs of lubouriousness of cupitsl goods maintenance.

Iten Group Serviceakility demand Tyrical Clazesilying churacteristics
- - Noe. . repregentunts .
1 2 , 3 4 o 5

) 22 - assumed optimum failure 31~ common 41 - vechnoloricel repleccability
rate within planned machines and of nachines und equipinente
limit ;g:t?ment 42 = averags degreve of utilization

7 23 - extru costs of rcnlxgeehle . reiated lo time

. unplunned repairs to be 43 - Arpendablility desree linmited

: covered from savings,
- on ecoromical utiliz‘n
‘ of tight auchines

repair ayslems 44 - muchines exsueted to vender
24 - substitute technology J - eener prodaction precision
mostly bringing ahout 45 - iarcrtsnt fuctor often '

reserves in capacity eneine . ipe {re
of muchinery equirzent — rons n?.“l.o exacting machires
¥ equir irteo taig moocup is toe

one of the limiting frequency aspect, higzh skill

/eciuced/ b othe applicability
e’ u cubslitute techrnology

- Ny

fectors oi aulatancnce stel \
cvailability of spare partc ctc,
‘ |
2B ope-atlonaLZIB - ¢c ..a degree of 3'B- production. 41lis=~ permigeinle lsvel of allowetle
serv1ceabxlltv hulls v Ar
cf common n . WA
technolosy 420~ r Iuced derards of internnl

cyguipments

CLs oo




gItamg Group

s e s e,

Vi mm ey e

: 3B auxiliary 21&- low demands on :31B=stcrehouses
: : service 3 with ,
; i conventional
' I equipment -
i
1

Tahle l‘/ctd./ Classifying aigns of labtouriousness of canital izoods mointenunce.

Serviceability demand
NOeo*

PUNPEI S

)

3A auxiliary . ; 21 - lower exploitation
rachines and: rate
_equipment { 22 =« economical mr thods
i ol malrtenance

of fallures
Zurplanned repairs:

ke - hma s am

N 3
B T I e R e e I R 2 S e Y G cw W veees v

LR AR RIS TR T Py ees
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Pypilcal
representants

4

- .. e - . W ireee cme wimae g n e

'32B - administrative

objects

'33B « worka road

systerzs

23 - justified perceatom 34B - water sysiem

31 « auxiliary mes

and equipt.

'?? - common machine

tovle ir subtgid,
shons with low
exnpolit. rete

B S

Clussifyirys eharucteristics

o

[LTR TR
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e a BETEIRAEE A N P e e et e T I

431 - comeon working

envirormant

41 - easy ronlacement and

suhgs

itution

.42 = utilizution of m.chines

44 « lovie~t teshnical stendard
: coreiderad to be rebuilt

" 41 B

wresee ey

no

rre dlar, occuzional
13 = depercunilily pructically

requived

or 3djeg,osud of

ohjecte to be reconstructed
or dexolisned in near future.

42 « cutsidiavy steres

puntbqueé:, shods’

i 438~ fercini
t A4B =curalizutions and sim.

v e orwae
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2.1.4 Lebourlovsness norunsiives of Capltel Grods Muinicnznco

- ——

The indispensable zcope of manintenznce of mechiner and
eguisnents = 42 - for the crlender yeur is écfined es s function
¢f so celled “Labouriousrness degree of operational musintenance®.
This dcgree not only exprecses the winnusl volume of mz2intensnce
Joby, tut alrco their cherecter erd scheduling with regard to
the imporisznce degrees of each 4D item. The teckni ¢slly substenti-
ated process of estebliching t 1:bour10asnp degres cusnetss

from the selected chavsctcristics

I. Desizn-opergztionel U+: characteristic - expozes for cach M+E

item the criterie of decisn ond operaticn:
A - complexity

B - techniecel stancard

C ~ wveight an? size

D - degree of required eccurecy

II. Revnzir cherscteristic - cutlines the repsir concitions of

X+ sysiens

a - lebouriousness compered with prccedlnb period

b - level of reperzbility

c - professionel specializsticn of maintenence men, capacity
and quelificaticns of repzir steff

d - technicel outfit of meintensnce steff

e = svailability of spere perts

f - loeetion of profuctinn end@ mzintensnce orgenizstions

" The eveluaticn of th e mentioned chzractericstics enatles each

" of the M+E ited to be esecigned on2 of the 13 stimulating degrees

of lsbouriousness of operaticnal maintenance /see Teble 2 “Repeir
charecteristic® next page/. -

Based on the method epplied by VUSTE for the ¢ifferentiated
mainterence, tables were prepared differontiated cecoriing to the
inporterce of Cspitel Goods for the siven derree of lsbourioucsnoss.
The letter is then defincd directly by the respectivc normative
dates for the purposes of ennual schedule of operationsl maintenunce
activities, '
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I. Explanatién of Desicn-Opcretionnl Cherscteristlic

of Capital Goods

A - Complexity of mochines end ecuipments

khen stipuleting the criteria of maintennnce lnbouriosusness
the coxploxity of prefuvction equipment cen be comprehensively
cherceterized by the nuzber of escentinl functisnsl units,
i.c. essembliez, from vhich the evaluated michine is composed.

The epplied C.G. clsasifications seccordinzy to design, assesbly,
- technology or functicn ere not uniform, nor 3o they precisely -
express the meintenasnce znd repsir escects. The nuaber of these
basic Tuncticnzl mechire-ornij-equipment system. mey be eststlishad
from the mechine dzta chert, from the descripticn of macline and
production equipnent, or Zrom other technical document.tion,
technic2l terms or standards. Usually, a separate technicsl
documentation is prepered on these sectional functionel systems

or mechenisms to be &t hand for maintenance and repeir plenning.

The nurtber of assexblv groups or assemtlv components remains
thus as the riterion expressing the degree of complexity of the
individual machines and equipments.

Definition: . .

An assembly group is such p&:t of the production cepital goods
that foras a self-contained, 3ictachable end reparatle or replece-
able assembly group ensuring a given basic fuaction of the M4E.

- Thece are e,g. the following mechanisas:

- supporting /bed, column, block, box, cutter,
baseplate, psllet/

- arivin 4 /motors, gearings, couplings,
. distribution systems and sin./
- working /with mein working, or auxiliery feeding,

and approaching motions/
-« manipulsting /handliné of blanks, toole, swerf etc./
and systems of '
- control /mechenical, hydraulic, pncumstic,electric/
~ checking and sorting.

The assemtly group mey be also regarded as en ingeniously
arran~ed functionel part of M+E, system or mechenicm, i.e, escembly




greugp consisting of subsascablies

c¢f lower order inciviing ell

eysteas end wechenisns coxposed of functionslly sssocisted
neetors end essembly replscement perts /spare psits/ and
coaponents associated in various ways.

Totel number of essemblies

Exgzple:
Acc >rt of ronter of arsenbly Freoups of 8 universal lethe,
reticr siemn
2'rm;c;1;n§;m;e;?' Asseably gsiovp llu:xb-:.r 'ef
C.Co ST/ ssseablies
- 1. suoporting mechine bed incl. teilstock 1
'_2. ériving electric zoto: ' 1
3. £ear drives geérbox ' - i 1
4. cistributing | epron and threadcutting box ] 1
2. f?fﬁ‘f:‘ifi:h headsiock including controls 1
6. working with { cerringe snd slides ircluding
emmil.zcticn conircl ma=chsnisms l
7. =2nipuleting - -
8. operatirg - -
9. controlling - -
1C, euxiliary cooling 1
11. inepection - -
12. sdditionel - -
13. outfit - i -
| I — ——
' .

On technological machines or other produc cion equipaent, the

number of assemblies mey go as high as to 20, In grouping the

machines and the mechsnisms in series /tendem-like/, or perallelly,

or in come other kinls of groups or compounds to form a complex
working, centre, also in mcdular or production-line sete-up, it is
necescery to judge every machine on its own merits.

Likewise in csse of Integrated Produciion Systems /IPS/,

&vtor~ted of Flexible Production Systeme /APS or FPS{ it is
neces:sary for the evalustion of maintenance labouriousness by

estimztin~ the degree of complrxity cf menticned production systems,
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first to dissocinte them accoriing to sectionsl producticn
avstens to individual preduction units which csn be judged eech

on its o merits.

B - Tnc§n~ca1 ievel - - nech- nisation an? automntion level

Tre technicel 1-vcl is chcrectorized by the objective codes
which ar: eassing the xashines =nd sqnipaents into 7 grcuns:

=z snd equinaents w1th solely manue=l speraticn

3 -~ machinee en? cquipments p**tlv sutomsted with work cvcle
isitiata? by means cf contirol mecheriszs

4 -~ mackines snl oguipmernts bartly autoneted, W*th program—
cantrolleﬁ wory cy cl= by mezns of contrcl wmechanisk
5 - zsh“lﬂcs ar3 eaninments fullv asutomated with work cycle
sctuatod by mosns of control mechanisms ‘
6 - =echines and ecuipaents fully automsted with work cycle
~ controlled from control pregrems |
7 = machines nnd eguipaments fully autom=ated with work crela
contrelled from centrcl prograa wmith eutomstic orcenizetica
 of contrel process — program
g-9- not yet classes

The mentione@ cocde nmumters designating the degree of technic al
level of capital goods are compulsory- for -nos, 3 and 4 classes
_to be specifically mentioned in supplier’s packing lists, invoices
end other docurentntion usedé in the ccmmunication between purchaser
snd =eller, '

In'establishing the degree of technicsel level of a perticulsr
machine or equipment, it is to be considered for which purpose the
mechine or the equipzent has been designed end whet is it expected
to perform. The tuchnicel level desree is in proportion vwith its
cepability of replacing humen labour /mznual, control, inspection
work/. 7

The design-operotionsl chaiscteristic is fixed sccording to the
machine or equipment valuc exprested in classifying points. The
tatle 3 on next psge moy assist &3 an eid for the evaluation
by pcints,
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Tebleg 2 enéd 3 conimin gource data for the evalustisn of
Caritnl Geolds with reyer? to the lsbouriousness of msintenunce
opaerstions in view of their design-operational chazrascteristiec.

The resultiag totzl nuxnber of points can be expressed and mssigned
to a given p=chine as a norastive of anintenence for the current
yeel' <5 well as the noractive 03 mujor overhzul lsbouricu-necs.
The tables ofier other data useful not only for specitying the
reguired materiszl and personmel, but alse for the maintenznce
planninn. The nerestives are prepesed in fora of tebles vith
a_sitple clue end ere‘uced by the heed of zeintentnce staff,.

The maintenunce of mzchinery and eguipzont consists of the
follicwing besic activities: \

- before failure ~ singular preventive inspection
' _continuous diegnostics

- after failure - detail inspection
repair of defective coxponent
- replaceacnt of dedective component
* = long-range avaluation of failure conditions

" The sipsular preventive inspection is commonly performed on lower
an? mediua coeplexity cepitel goods, e.g. sfter discovering

a feject product. This type of inspection mostly requires onrly
* cozmon meintensnce tools and a skilled maintenance msn.

.On tight and special machines the inspection is sometinmes
rather comrlicsted an? it psys to provide for s continuous
disgnostics. This is done with the sid of 2 special section of
the elcctronic control unit. This unit is capable of evalunting
ané indicating an overstepping of permissible limits of given
psrsmetcrs, or of transferring the measured values to a hicher
/master/ computer - as is the cese with the F4S. The controlled
paraceters sre @.g. vibration, prcasure of liubricating oil,
power consumption, and eim., The respective pick~ups, transducers,
evaluation eircuits and operating instructions are to be supplied,
ir this case, by the machine builder. Subsequent disgnostics means
_eompleted by the ucer sre inefficient and unreliable.

oo ik b
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%he detailed ingpection follows the eim of escert:aining the
real stetus of such perameters which sre to be mensured in
a oiore coaplcx technigue. An cxemple of this tyre inspectien
is the test of geometriéal accuracy sf the mechine, alignaent
of puidewnys for siiding ceseablies; mecuracy of coardinate

seesuring end positioning, rifidity, etc. Ir this czse the .
eccuraecy of the zmeasuring techknique 75 streszed, the testing

an? measaring iastruwonts sre to bo one 2ccurzcy clezcs hizher

than the rated accurecy of the tested machine. An exazple

to illustrate thia statementi: Heasurine of lathe accuracy

- by laser znd evalustion of mepsured velues in test chart print-out.

k2 rercir ond reesible reolecament-of feulty convonent

is & relstively coxmzon effeir es fer es meclonicel perts of
nechines are concerrec¢. In this-cese the remedy leads to material
snd spere parts stores. Understandsbly, these meintenance jobs
may be rerforzed only in ob=ervins deteiled Zucumertcztion

supplied by the mechine maker. To some extent more exscting is

the repzir of hydrnsulics, or electrical 2nd electronic circuits.
The difficulty lies in the amount of ncceccery —ore profcund
knowleéze of the principles that ere not comronly inherent in

the engineering traede. The documentetion is much more complex

and so is the repair technology ,/e.g. replacement of an integrated
circuit in printeéd circuits/. From thece rezsons a doteil training
of maintenance staff is here an inevitable prerecuisite. The best
suitable plece for the training ie with the supplier or builder -
of the mechine.

The long?rgnge evaluation of feilure gonéitioég is substantial

on more complex production systems, such as FMS and TAM. On these
gyctems it proves effective to have the eveluation solved on
a computer vhich is continually acquiring the data from the
production system and effects their preliminsry clesssification,
In this case the "Post mortem™ recording technigue finds its
_eppliceticn. The analysis of these data ensbles the critical dats
of the preduction sgystem,nct only'with respect to the production
but also to the msintensnce, to be dizcovered. In addition to this
it is possible to obtein source documents for the scheduling of
preventive inspections, The job ic solved by suggesting the data
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wccuisition sysiem /uhet kind of dats, how freauentily, whst

input devices to be used for their storsge, ete./, herivere

¢eta scanicition systes /computer, interfzee, memsry type,

chsnnels/ and softwere date acquisition and evoluation

Jinterruption gystem, perinhersl drivers, file managesent,

sortiry, grouvging ete./. ’

The tezhnical wrerequisites cof canital pocds nanintenance
may be briefly summarized as follows: ‘

crimery
- bhesie Zecumentation of mzchine
- mzintonzhnce documentztion on wachine -

- instrurent an3 tool outfit
to test operating paremeters of machine

- sp=re parts
-~ disessembly ani reassembly instruments end tool outfit

- technologicel equipment for the repair of derective
components end meteriel for repsir or prcduction of components i

gecondary .
- stocks of spare perts and necessary meterisl

= transport

- orgaenizsticn of éistribution

~ organization of mairtenznce and repair technology
- planning and securing of maintenance and repairs
- faults recoriing and evaluating devices -

= record on realized meintenance of capital goods
- financial backing

= personnel backing

-« training of maintenance staff

= contrect terms from suppliecrs

The primery prerequisites for the reslization nf Capitel Goods
Maintenance ere indispensable., The effectivity of Capital Goods
Maintensnce depends, however, on o complex provision of the
secondary prerequisites as well. - '




The term "rencir® invelves remcdy of partiel wear and teaer
=z w21l as of zzjor feults. Juring tue repeir the machire is

aut of service.

The Jrcpitsl Scods eintenunee includes folloving ectlvities:

Q)

zlanned netivities

- G5ily nointen~mnee - checking amd superficizl tr;a"""xt perforazd
] by the mac'ni;:e ai’.uan..a'u
- inspection - %o supplicr’s instruction ond inspection

date sheet, cepacity plerned with timetable
/etort intervole/
‘carried out by maintensnce staff

- survey - gn inspection of not firmly fixed scope, :
capacity plonned with timeteble, 1
applied fHr coamon mechines end suxilery equipt. |
: carried out by m-intenance steff
operatioml repeir - removzal of shortcoaings caused bty vear,
technically not stipuleted beforchand
capacity planned beforehend,
term fixed depending on emount of vear
carried out by meintensnce staff

major overhaul ~ lorgest action aimed to remove effects cfwear
or Gamage and so to bring mschine pareneters
to the original or predetermined level
capacity planned, term fixed by the operstioml
period since last major overheaul
carried out by specielized repeir centre

"unplanned activities

~ minor repairs ~ pnon=-scheduled repsirs tsking less then
C 2 hours, technical procedure and time
not fixed beforechend
cerried out by meintenance staff

- other unplonned :
repaire « demanding repeirs in caso of breakdouns

carried out by speciglized repair centre
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The technicsel plannings of repair activities is hased on the
ncrmntives of lasbouricusness /Jecc pers 2.1.4/. Anocther fector
in the planning is the operational sspect - long doxntizes of
wi:chines mey result in unsccepteble production outages. It is
therefure nreferatle to practice better shorter yet more frequent
rfpsifs to keep the operstinz parsmeters of pechine within its
vorsissible limita, then to psétprne the repair action till
ihe tera of the necessary major overhaul.

The technical core system ia airmed at:

— specializaticn =~ cggregsting capital feods into groups accoriing
to maintenance charecteristics and demands for
the material backing of msintenence needs.
Specialized maintenznce systems are organized
for these groups of capitel goods.

- glgorithmization - Trend to limit the intuitive approach to work,

following the aim of convincing the personnel

about the effectiveness by virtue of observing

Justified techaicel procedures. ¢l
- sdaptability - A necessary change in maintenance activities

uncder different cohditicns, e.Z. ageing of

machines.

- recorded
informetion - Technical sheets on sequence of maintenance

operations take in account systemsticolly

gcquired Adrts over a long period of time, which

gre stored in the information system data bank.

- integration - The technical care con.rol is an integrsl part
of the production process manarement,

Economicel anelysis_of Capitel Qoode Maintenance

Capital goods are subjectei to wear in the production process,
nsmelys :
-~ -physicsl wear - material wear and teer due to physicsl end
chemical influences
-~ moral wear - economicel wear due to the ever growing trend
of productivity and technicsal progress

] l

| ]




In its results the technical care acis egainst the effecto
ohivsical weer /vhile new investments ere the enswer in matching
Le effects of wmorsl wear/. Frox the economical point of view
t=r condition of esplitel goods is measured by the wvaluz of
;:*’xrticn loaseg caused by downtimes /production outages/.
72 .3 indicates the tine course of the production lsssesa in
iaticn to the ma2intensnce costs ﬁéramater. Firc. 3 proves
~orvincingly that the production losses tend to grow starting
-1 a certain noment. This moment is zxiven by the statisticsl
.lysis of mrehine faults in reletion to the intervening peris
iime. A suitsble orgsnizstion of ns1ntenance 1° capvble of
"z -rring soch moment guite conside. ably. .

MY
A

as m2ationed in pere 2.0 the physicel wear results in the
~=¢iine of utility velue, The maintenance inclvding disrmosties,
in:pections, ete, enables the repairs, causing the utility velue
to increase in a jump to the originel or at least admissible level,

i3 be planned more accurastely. This fact is illustrated in Fig. 4.

The purpose of the technical csre plenningz is to schedule
the repsirs et optimvm intervals with regard to the mentioned
course of the utility velue tendency, to the increments of utility
~vzlue éue to repeirs within limit costs a’. which the cepital goocs
firal depreciation is economically justified, Another fsctor
included in the meintenence plan is the operational aspect of the
2fven production unit, e.g. in sgriculture or season-bound
soocessing industries the repairs sre scheduled outside the main
activity period. In the enszineering industry the repsirs are
scheduled for the time of factory holidey, etc.

There are severel methods how to optimize the timetable of
repeirs, :

Along with the timetable of repairs other problems sssociasted
with the meintenance hévaxzp be solved:

~ financiel costs plenning -

- msterisl and spare parts purchesing list

- vrenewal scheme of maintensnce centres outfit

~ calculetion of space required by maintenance

~ gtorage end trsnsport plenning

~ demena for personnel to sccure maintenanee end esuxiliery eorvicces
= gcheme of personncl qualificetion prowth.
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Fi,e evalustion ¢ mrintlenence eifcctivenen ie wciing as
a ferdback in thc umanageaent process. Once again, there is
a number of exact methods bascd on specific indexes. The Luck
graphic method §s an example of them. Here is ita brief
descriptioﬁ. :
: The Luck method is werking wi‘h sixteen indexes divided
" into following four groups: -
-~ planning
~ vork utilization of msintenznce
- costs of naintensnce
_= working preductivity of meintenance stsffi
Knhsted in & teble are the plenned snd getual values of th=
‘mentioned infexes. Compiled from them ere then the four grephs,
eech one for e rroup of four indexes. These v2lues are plotted at
the sides of the sguare gresh. The valucs =t the opposite sides
of the square are interconnccted by lines and the point of intera
section of both connecting lines fzlls into a specific field
marked from the best result down to the worst one =s follows:
B ... excellent - Flanning of Kaintcnance
, W) SR A

G ... good

+A ... sbove average
A ... averege

=A o+, under average

P +.. poor 3“

The results from the § :
fou~ grephs are trans- Py *A
ferred inb the resulting -
graph in which they are gl A

merked always at one side.

The mein scale ranging

from O to 100 forms the

disgonel of the resultin:
" square greph. On it, by

means of e normel which E ¢ i A <A P
is dro~ned from the Productivity of Haintenance

intersection point of 1lines designating actually obtained velues,
it is possible.to assess the aggregate realization of all the

aiuxtteen indexos.
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3. Eumsn Fsctor

In the developing countries the essential protlexz of Gevelanment
of cepitsl goods production is the preparation znd trzining of
skilled employees for the prodvcticon plents.

For the realization of PES the problexn of skilled steff is
~ of & still greater importance. This is becauce of the fzet that
while it is possible to replace & ckilled worker by sutonsted
eguipsent in the production process, such pussibility does not
exist in the PiS wihich csn be nsterialized cnly throuzh skilled
techniciens end vworkers.
Quzlities required fron the PSS teaal
a/ capsbility of understanding the functionel concept of production
equipasnt
b/ qualification in specialized profecsicns: enzineer, elcciriciaa,
electronic ) '
e/ capstility of locating the source of fallagb /troutle-shooting/
d/ technical intelligence and menusl skill

o s —

The multi~-professionsl working team for the preventive
meintenance of espital goods consists of managers, greduated
engineers, technici~ms and experienced workers.,

For each speclfic industrial plent in the developing country ..
a project of PUS is to be elsborated with detail plan of educatxon '
end training of the required specialists,

An important factor in the steff preparat‘on for PMS is the
motivation, personal evsluation and finencial incentives system,

4. Preventive Heintensnce Projects -~ PHS

. The project of preventive masintenance of cepital goods in
new plants is en integral part of the complex works project.
The PXS projects in the existing plents will bear the cheracter
of rationslizetion projects. : :

Irrespective whether new or already existing plant is in
question, “he project must be based on the principles of
e complex Capitsl Goods PUS.




Cherving the nenticned principle meozns, in ezae of g mpnecifice
project, to emphasize especislly: l
- definition of PiS coaplex methodolosy of maintenance concept
- speciliceiion of tlechniczl egquipzent of meintensnce shop,
i.e. diggno:tics eguipzent, technologicel eguipment of the
repair of dameged components, snd possibly meruficture of
cpare parts
- eclaterstion of the organizetion project of management and
plerniny of maintenance in cornection with the produc:iicn
process
- elsboration of the project of wnificstion end standariization
of cozpcnents and inctruments from the tecknical eqiipasnt,
te facilitste their meintenance. E.z. one type of electricsl
ecuipsent, one epproech to stanisrdizatiion sccording to one
system of standards— ISA, DIN - , one kind of electrical cycle etc.
- stipelation of PiS rationalizatiorn terms vhich are to be t f
- f projected irto the technolosicel projeci of procuction, i.e. ’
installetion ard leyout of machines with recpect to the procuctisn
needs 8s well as to the meintenancz needs. Mechines must be
accesgitle for meintensnce purposes, hoisting equipment must be
provided in the chops, spece must be left for the transport of
heavy ené bulky coxzronents, etc,
- prcperstion and education scheme of PiS steff

i
i
4
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Rationnlizetion projects of PIS

In eleborating the rationalizstion projects for PKS introduction
- . the principles of the accepted PUS methodology under specific
conditions of & given industrial plant heve to be ob:erved,

On the basis of Pi4S methodology standard schemes, both of
basic as well as. rationalization projects, will have to be prepared.
The projects of rationalizastion and epplication of PMS are
verified in practice and produce in all events an improvement in
the production process econony of 15 to 25%. ' ]
A specific pert of the rationalization projects is the stratesy
of roticnulization, i.e. identification of conditions on a specific
plant under which the PM5S can be successfully introduced, '
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S¢ Preventive mainten:nce problems—capital goods producers side

The complex methedolesy of preventive maintensnce of capitel
goods in the production plants is a very importent baese elsu for
the munufacturer of capitsl goods, in their designinz as well as
merketing and cerviecing with the user. '

Cn the basis of PiS it is possitle to design ile etructure
of commercisl end technical services with the msker, i.e.

e/ merleting

s e e & e e

_ sssistonce to user in pre-project ond project ectivities
b/ sales gervice ‘
- mzintensnce mznusls
- treiring of operators
- Jeliveries of spare parts

¢/ after szle service
- diagnostics -~ inspection service
~ preventive service calls, etc.
d/ PuS documentation |
- manuels on diasgnostics
~ shop drawings of spsre parts
-~ technological documentstion of the production of spore parts
~ machine data chart
e/ deliveries of spare parts
~ first standby set supplied with the machine
~ set to cover a longz-term service
~ set for msjor overhaul
f/ informstion service
~ training of client’s techniciens and workers
~ various forms of traeining
- completion end updating of operating and maintenance msnuals
- speciel forms of serfice ’
g/ cooperation of manufacturer with user

An economically effective exploitstion of the production
equipment depends lergely on a good cooperstion between the
machine builder and user. The cooperation ie to be precicely
agreed baforehand and possibly confirmed in a contrectua. form.
The cooperation mostly concerns the following fields of,antivity:




.
[V )

Field of ectivity

Msler ‘s shere User’'s shere

in 3 in %
Mnintcnonce documentation mw 30
Spsre parts and assemblies 90 10
Service diegnoctics 90~100 0-10
R=prirs end operatiicnel |
diagnostics 10- 40 60-50

FPrecticel experience in the CzechosloveX industry witnesses
thst in the inductriml plants working with en established PK S

somc &0-85% of a1l repcirs, except for zererai overhsils effected
by spreislized centres, canx be covered by the plant itself using
their own forces. 4 preconcition of this, however, is a preceding

close cooperation with the supplier. ’
|
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