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«;itJvr<=u  to ;..   c.ír'm.v r-»,c,«»*iilnfl»j if tlue and the ehapn of th» failure 

distribuí i er nt .;,»;« c mnoiVír '.,    Hamaiy,   the  failure rate for the eydteit 

compri.»} tw: a, uiiüib'ír <*f cctAportontn  tcnr,ipen«nti; in cerina),  for which 

tr-.ir.tenanctí .icllci, le urovided dewnclitif; on the characteriöHee ©f each 

cOiBponorit an<i  ropairr; or ri-nlncamont of p.*rt¡j arc den« each ti»« when . 

failure o-mr.?.,  '• treten 

n i" -   a 

\*1 i*l i«l 
(*0 

wherein o/u.J: s.yr.ucr or the ri.-ht of :h« equafcioti le o eoaflUnt failure 

rrtto, an». A« , Ar ,-wH ¿tarare initial, randort nnd wear-out mr;tn failure 

rotea,  ror.<Kcí.iv "ly. 

• if..ï  cliov/r.  tho f3 ¡stuoli on  <-f  *;)to wenr-out  failure rnte when 

periodic nainien.'Micr; 3     tirino • •Uh  ¡h« c./rlu Tj  or ¥?•    Thin ehowr  thnt. 

the w«: or-out  fniliií*«?  rote  haci.ni-:»  zote- t;at.h  time  ,1u.it when   the  periodic 

Maintenance hir. dono,  un,l   r.?e       viur..' rate ir nhowti o« n  ¿apr*«-. curve. 

Honre,   thf   feil uro  r:it<;  nf  ti,.- «y, t»v, if:   ibtv   uní of the oonrjtnht  mutton 

tV lluro  m'.ti  :tn«i  t )¡t   tta-ri.  tivi\r-rul   f.'t'urr   rr.i.,;. 

In view  oí"   tv  ;i|»tv; ,   Ih»-   fiilur--  r.>t..'  <v.'   tho entire  rr Mu et i on 

M hi   cfín bo   ürii.iii. • . •    r-y  •-.;;» in.-   . r¡r..'.ier   lin* •,«>;.n  1,-u 1 .no  r^íett  of irid-.- 

••'iflinj   cu-Ti-iii. o, •   wi •{•:),  ;>r     ,-   ->. !    . .,.   ,, ..,. n j, n,.   or,   , j, .  ....|,..im.  C{   {,h»í¡r 

íVjlur».   ti i    i-it'i'io' .      ü   i,-,.     ).    •,.',.,-..  ::   ,    (1|  jun i.i t v   ',M;r,   i»,   ir; 
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i or* 'il«fî»;r c.er.iilwcrtíJ.v   < ¡- r.-ií-,! •»•  to r.. ¡¡.o ( i.-.; 

t I f 
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^.-irmcn -V  ;.   jñ   UoU».   lítth   ttM (i-.tr  aa«   tí-se or   the  CYCì« for Uà 

r.tM»tir.4l i., i.*- rpj.^fK-,.    ;ir.í,  tu n^taf«,* trap. firH   :«,« (îi^uar,î r-, • 

»o-<r   f*w thr.   ««rut*.-;  ir>   rjwcifl^.    ^o. only  the   «..-, tarlale rrv.ij-.d 

itr »uttliy   «•»•• Mr-i,-- i^ta fj-netie«. >-t »doe it« roct cm be <-r.iir.,toA*. 

1%0 peri>m»rc« *.-r tf,    "¿on" ».owe ver cannot ni.uura   ih« reU«Ml« ly 

t   .-r.f-r  c "i'n -t.-.t*    ì'-c.Uf^-     £•»..!• ,»xai^pjo,   a  r'.-diiciinn  ptnr hrr/  j»-n   :. * 

.'»•in». If .   i*l  mil:,  i.v  ••<<*-•»"   u-  «U  pirlwlic  mmutanana  rut   •:.-,? '/ 

••¿on-v»  fv n,t-  ^.-., j, 4,ji  U:1¿r!, x,   ^ l .  m. pOB!.j ¡ili'for-nl  'jfrv.jon.    '   : 

•v.nn.  Um*   ;•-  r,-3lubmty «f IN- ¡«duetti* fflir i^x in nmmrr.l ij r^n 

rt.*i»iitijB  -tf 'M^»-n;i i-nd  "Sob-I»» confiti«utee a fictitious »M.-iJnUi-. r c- 

'•    ~^w,   it   foJiev...   Ihut  t'ij   ".lii.-i'.jini.v  «Í .Mie   p-eftr  boy   ir  n-.ur?H   i,y t;t,r,,4 

•• ->»inte»-i«.-:<e «icrt-". 

In  rcnei'.-il, enth i¡iint«n.in:*.> ctrpor.nt   ir. m/ijntrinci by iitv.-ral 

"Jr'T'S   ^hi>  ench  'Mol"  in   ff-,  HfltntRiro r.ev«rr.l   mninipr^nc« co«ron,-rit,; 

• •   .i  ti«*.-.         FJ..;,> t!iM#r.   thin  ?*r. «¡.tiî-nnl.ip. 

»i«nr«,   A  /»rci'p  or Mo».r"  w: K-îT«- .ted  U-  nno  .-»nnLín- Uipoufï» (..•••• r .1 

::.îonnnec  i ciaporun».. nv »   »    l^..'   !.ho  "i^iiitois.-incc   ./u"k'', -..'hile :i rvcu , 

«••I-   cor-Loncnt,.    !rit^(VI-i!.o    .r    j;...   .-1Sl,   t:,..    , j r   .jrh.fV--.i-;.' •'JM,...-   .-..r.    r..   i j - 
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I 



MH--l;rí'rnt' 
"1 

i : Wc; ri*'' i '    i    »•-—•—• • "*-"•       •", i    i 
i .1- j l.ot  i-cM'Ont-it-i I    !   i   .;-,-ricr.  of 

Jr........     id"*      .        r~  ~ T-M   K t"-ar«ncnti 

r jcb-b   i-sw^n r——. —TT» 

.j,)b-c     ¿—r-—.J   Nr— ' •"•"—**"**T't 
.  "•'    ! Ti ''ot  fJoprioncn'--Jt ; 

« J »f"sot Compon-jn.'.-*/] 

''"*^TM liot_C 01/'>oni-nt-fc 

T"*—«~*-¡ f    *• -.'  ."" 1"         i _n 

'    I 

«^Ktries of 

B 

t""i~»: l!ot C.    pontnt-' 

1 |— 
» »  M •'"! I 

Fig.5 aelfttion^.hír betv.-««n "Kaintefiane* Work" 
OïKî "tarier  <>f Comentntr." 

„  M,» rr« th,   ,Hcv, „»••i-.-^.i«. th.« il« «•i»t.«.« —*• 

f»r«wi »n important i,rtv  t.  ». >• 
Mrt« 1. not « unit for th. -«caá,., .f f., «t«l «A. "» «•*• «" 

u„ „r u. cy,i, of no .»««ti« .•»•<• ..,i .r.«ciriud.   -r. t>» -or. »w- 
.ta., .«h -j*- .-.ntit»..^ th. -„int,»,,- w-K.. „„* lt. «m «,.«. 
indi.   t... «Ol   >r  ti,,  -wint««« vor...   «» M «Ul«í * »««i»« *•" 
„ihr th. ...» »r t* »jo».« .Lì. -..<• «P th. •«»"«« •->• 

•   , .«^L-i» 4-, oxî-i-ri.-d  U fuvmro the r«ii«»ii**jF r-inec  the 'Wimtcnaiîc;  .i«rk"   i.* ^nP'un 

of the   reUto« ccc^ontntj v»l-er it. ^   I'"1-  1"^ »«•.»«neo, 

estimatoti ¥diier of   l ail UT .-i. a».. <'->-••<   T*    v- 
,   . . ,.Mr-       «ti-cn l'ore th<? "»alnlonanct wor* oli tal nel at, n requit of  its i-xe.'.tie,'..     ..-«.»noie 

•. „•   .-„,+     n ^.ft'in-* '»'•   ^Liuciwi.c« efficiency. 
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The fii-WT,  tino   oí   a  c«,«r>on.-nt   '...,.  h-   ot-tninci b/ muJ Uriyinr; ,\ by  the 

fJTTíi of tho compoiiPiil.     Tf 3,000 hrr..   (ujurc  r .te in uned   for    : 

Dm«n Time * A for hit)  x   i-fTTN  (Hr] 

* A • HTTK       [ir/lCihr] €lö> 

Thta indie«!c  Lko .lown  ti•  for  ,1* .„.-Up^nt aurin»,- I  tX'O hn.. operatia*. 

if the dew» timr *:.-.tcuí»tw»  fron ^uatioi¡  (3ü) j,, m-atinH^ hy o.i,  th« 

iio..;n   tim«   fer  .lut, Urr..   opor.-,U,n  i,-.  oU..iiu-.-l.  which in   iU«..Jf i;   , „,.-,1  t,0 

tho   urMV-.i3.?MHty   of   tho   ot.aip«,.ní    .-xpi-tf^i   ir   , (?r.>:nt^«..     v»,. r.-feru 

th»  nv,,l.: .nLiljty  of   th.-   Oí'.utT.PiíTt   c.-in  U    oM...í«,-rf  l>v  -!... i.,. < irr   »h.-  riT«..-nt 

of   îh,   un.tv.-.i-l.-.MUi.y   fr..«   L...  ,,„^. ,,, .     rfcl.   ,.,;-,„,..,  V,J:.     yf  ,  ,,,, CfiM, 

l'on- lit   in  Tably   ¡   r.,n.   i -•    t i,,,     ,-/i : •••! 1.. I ,•« , 

'rl'c M   i ! i.   i ••i lui-. ,t .    /»   M    »i. ¡il    r., tic    ,;f'   !• ' i : .*. i fi..i 

:*! 



ndtHfif   Li)|;ct hf,r   ttiuA   of   indivi- i;<:    'omponcM.r.      i.v^n   it   the   iailure   of 

;,ny  exponent   in  of  tm-  vr.r-out   or   ti...  inlí.i,il   fnjlurc   type,   in   the   enoe 

when   the   .ivcr.-^o  iVilurr  ml.'  ifj   r.ed f:.. A .   the  iai'ure  ra»-e  of  the entire 

work   can  be   c"li.M?*.ti-.»   tv   . 'í-TíPí   u:   tfc«:   «-.iLliirc   vnJücr.  of   u'll   the  ocm- 

pt-ncrii-:*  -•••  ih«y   «rf-, 

?.«* MOKK TABU: 

The work   talle  ir.  »ir   important  r.n,H   incorpot i Lin»: U-.c  r"lationßhir>* 

íi'iorr  tljo   "main tonauro  work",   «h.-  "Jc-b",   Vho  faillir«   roti:   -»r.rt   ine  Ilk« • 

prj /ïhûwr.  ir Tnbji; ;>.     U m-y I-   i--.irt  'nut  th-  forrpoiaK explanation haft 

bßjn Intende;!  to facilitât«  tic w.<i«iruiii»din« oí   thi.. work tabi«.    The 

work tabi« iß usable cither at   an ,r*.tm»3  rtr.v.lin i.trtcrtuit  or «a a naiitte- 

nniice 4ecim shut.     - hö work tabic which toae be«Hi need for «uluUBaftc« 

design can b# «.¡«Mì AB n »aintoi inro ut« <U»r.i .•   A standard work tabi» 

Kiticfieo  the following four 5 -.."it- involved in rsaintottaace d«i\ipn, which 

wer«  r«f«.*rcd to he fein to« fore: 

(a)      EotubliHhmont  oí   "Muintennnce Work1* 

(to)      Decision of "Fi«?3d Maintenance Job1' 

(c) Forecast  of  failure and  •• valuation   of effect 

(d) Ki timntion  of maintenance v oi t 

iUrvfcvor,  it rio'-:, riot  include .Jct.itle<l <-.,,»• tur, ta of ,iob practice or  field 

nalntunanc- job rtnndardr.   (or field  jib proco«iurco). 

In Table 2,  the column:; of pînnt,  production line and equipment are 

ur.*»d  for ciar.rifylnr -ach  c-mnp;vnt un>u:r conni demi ion.    iìueh cla;¡t.ifí* 

citi on HiUí.t bf  made  in   t  ich  n monn<jr  that  it.  i;:  convenio»'   for cor.t 

accounting,     iha  ".loi"  e./lifir  io m.••.• i  io   indicate   Ik  werk   to be  actually 

done   .t   Ihe  plant rite.     Ti«: d.-.to ani  l i'fie  or   Uic  cycle  of exprutton,   the 

roistf; of m'pvfjr.tiv« n.-it.^un-.-.c« und eorrorUve witintannnce  ar«? also shrw. 

in  the tabic. 

The  "unplanned  .lot" denoted ly code PO ir,  -. uch a  ,ioh a« exoected to 

be  put anew rus  fi rr-uìt  of  dfiiy or n'iiit.rirMn  in- re«:tier.     Tho  cott noceo- 

: nry   for   tfiif-  purp«»;.'-   ir.   ••.•fvopr.; .--U"i  a.    i  pr-'v^-n t ¿.ve  mr.in ton.••««<.-  cort. 

Ttf  reliability ni  n uái-'^m        .•: : m ..> ì  tv  ;.'.•-  pi ••!••.oci   .lor.ü.    The-  function 

of   tto.-  iniví-nnc-.I   .ini.   i;;   C¡-.íI " M:--:'   ? •:   ( h^  L   r"...r: - m-  or   I ho   k..'cnin.- ur   of 

tho   "l-rnv à    mi: , 
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The   "nrairiMT   job"  (looted  by  cod-   '0  ir.  a   .job   to  repair   failures-, 

and   th,.;  correctivo  n.ùnlennaco   cor,*   ir.  appropriato I by  taking into 

account A and  ITTI» or  the  component* which arc  exrected   to occur  failurea. 

Or more  uinply,   it Mny  he   cnlc..lnt..d   ur,'nr   ¡ Lo  repmr  cod   ?or  unit down 

timo  obtained   from actual  record;•. 
Ac my he   .;eon   from Tab1,-P,   carl,   Mob"  han no direct  relation  to 

the  failure» value  of each component written in  the   ripht. column.     Hut it 

has  the  interrelation*!^ rhown  in Fi*.5.     The   failure valuer,  of  the coa- 

fiononln «re  totalizza as ehown in Table  1. 

The interrelated  "joba" aro *rourod  topother and are acBifpad o 

nui tabi« work name.    Con»««nieiitly,   the »reduction g« or",  for example,  ia 

a iiaae ««ad tor the delation of grouped "jobo".    It is not to be u*«d 

a« the »ft«« for the clarification of  the component devicen of equipment 

or M that  for the clarification rcrtaininr to co-t contici.    However, 

«Uh now» decree of dincordane* beim* permitted  the term »maintenance 

work« often orcreet; with the name of the device mrtinr. UP the  eouipment. 

The total  of  the neunten .ne« co^ta of   individual  ".lobo" iß the coat 

of the »liaintcnanee work' .    Al:-.«,  M r.ecn fro» Tabln ?,  the total of the 

failure values of individual e ormone ntn comnriacB the failure value of 

the •••«intonane»! work". 
a« undvrstooù  fror» the above,   the work table «u^ert*  the  following 

ft*« important fa«tu: 

(b)   ghflt rccmir^- cod it» thi "ifèiL» 

<c>    tthat g<vet   Hw to ft. il ureo. <« the component, 

(d)    failure va?"* *"^"f «•" the cowaoaent. 

(«}    That   to which both ccr-t  and  a   f.i^nre value bülpng 

lj either the "mainUnirnec work" or the "¡eric«, oj 

j*y  thus,   introducir».-  >b-  c-.o!:r..-i.t   -r »r, .in".-n.-.n <•  work",   it he comeo 

nom-.tbli:   to  d(..;i:iî.   for.cir'   and  ir.^.n    lb-    cft^t   '=.   • ajni *min.-.'.-. 

•i1i.; »Aalnt-n »no   ver: •'   i-   • •• '-•••.•    h- *   l»>»u.  '!••  í"'1-'      "'   'r' 

job   (or   cur= I.'   of  r-.-.in" -n..n-. - .      P   •:•!!   b-   «'"h r   too-    *T.-i   thii*   that 

If. 
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'hi.  "f 
the   "n-un'en^rv-   W«.IK"   form:    •»   uo;'    of   *n (i Lenan-.   •»< r. ¡ r,,. 

r-uicfl worlf"   ;.lro   •!•-,;;  w'int   /r- • ! i on   or   rcint   ir.   lo  Ì-   ntudi--d   lo 

r-'fittee   tin    r:•->'•.t   -;< •:   f-iK;-(vr. 

.it n te- 

ll 

3 

'•. :xuc:.Kt:. KMNTKNAKCI; 

h.i çoamcw.v :.,• COKT /.HD DC.TH TIKE (CD): <f 

A certi-in relationship ir, considered  to exist between t*e down  ti«e 

sr.d the maintenance co-it.    TM.it in,   it wiî    need  a huRe awount of cort to 

conpletely reduce    raturer, to 2-.TO,  WM],  on  th? other hand,  since no 

failure cm b... ro:,tortd without spendi n/r thu Maintenance cost,   the down 

Limo become  infinite.    According,   t^e relationship between the mainte- 

nance coat and   the down  time cm» fco uxpreuaed no follow«: 

Mninten.ir.cc Oct  (c) * Cef fi «;},.„»   (Ç)x -r- „4 r—- m> 
Down Time  (t<|) ' 

Vhe coefficient $ in » function of maintenance action*,   f =  f(ot). 

•¡he important   thin« in how the  value   of Ç  rhnnren with  tho ch.-n.i-cn  of  the 

maintenance action A«.    tlow MfttJiemnlical exnrcneion,   the nirn of *f/*« 

in detcrriined by  the  fern of the ronction.    And il io understood  that the 

form of the  function denor.de on the manner of mnintonanct- notion,  or  the 

attitude or rcr.olHion tow.-wii  it« execution. 

From ocuation   (11),  Ç JB cy.'i»jr¡r.od  wt  foUoywr;: 

q      a   C   • t{ [ten Ur] da) 

f 1:*. cnlled   the  co«fficiei.t of coct  and  down   timr,  or morr in ml y C . 

;'ho mninUranco co:;t  t t;   *»..- r.un oi   the  prontiv<» nninfcn-inoe cor.ft .>»«J 

th* corrective  mauitru.-mcr cirt  in if  .-iven   ncriOf!  v  ticte,    tj  if.  tl;:. 

^um of thu down  t-in.n jiiriu.' íhr .';.v-  m^rloù <>r  ti--». 

::vvn  it:   thw  can    .hor-    '.m.-  f-'ii pu, r.(   or  t}.,    ¡.r^iuct i (,u   Imo  -;.••  »<i.un- 

t-->it.ed  ir   i).,    .iiiinni! awMw.r,,   t.} ••  iM!!,;(   <.j((.   -,  ,„.  „j   • y,   ,.-. ,   .   ._. 



more  pref'Tí.fclc   it  in.     Chr O-Hü o- i c j I  rf« i*r0;,fi<.   ¡ r»   thir,  vnlue   mo: cater, 

the   improv.-mwnt   oí'  naitit cn.iitco   «:ff. ft. 

fi.r Cl> of  thfi  "maintenance  work" di i fer';  from <*orK  tn work.     Thir 

attributes  to  th*   fnct   thut   Cailur*  du'i   not  depend  MC-RI}   en  the   quality 

of mnintenar.co,   hut  in  Jnnrely rf!-^«'   »r  t>i»  irh-sr-Ti*   mlinhlli ty of 

equipment.     Accon'inrly,   tlv   O  oí  ^-ich  -vrrk  i     usr-i   ne ar,  indu*   to f J nri 

out: 

(3)     i.nuiuiHint   uh ir. a   in   iririnaHy  111 -l.mufic lured , 

(b) .;ouipment which   ic  unouitntJi-   to the  u^u  nn-i environmental 

con»! i 11 on ti, 

(c) equipment which   In wrorKly maintain«'*. 

Th« C1> of the "««intenaiice work" x-   improved by the lmprev»««rit of 

technical «eaMireü.    It in of  courne improved »ileo by ittcrutatinr the 

«ffjelency of th« mint enanco work ituelf or r»d«ci.if: the «fltntenence coot, 

without .»Jtcriri'  ;   t"iiv       -•       r< ;    il  ^ H .    fu ih .-ii! Importuni lade* that 

ohowo maintonane« levt;l.     .'a :bow th« :irtw»i  v,-']ne of CO,   those «»«4 in 

the »teel imiti:-try are r;iv*n ir, T«t>ie  '>. 

Tabi.' 5 Exupipl*» of CP vilucr  in  ti;'.* rteel  indtit.tr>' 

n»nt 

5 interina pi nri t 
blunt  furn.'ire  pl.int 
Converter nl.-<nt 
tlübninif nmi BJoominK mill 
fl.tr and  Rod mill 
PI it*  mil 3 
Hoi     trip irilJ. 
CoM  r.trir  :nil3 

V^lw*;   of í-£» 
[left ffr Ten/Tu »r] 

14 - vo 
30 - 70 
10  - ?*> 
25 - 50 
20 - 50 
10 - 50 
80 - 300 
10 . iiO 

'•.2 IMMi TUBS LOBS 

The nhtitiown of !.hv.-  |-.rn-.:uctioi-  lire  for  the purnore of maintenance 

ir  of  two I; i mir.:   one i'.- í.cl'.L-JMi-jd  /¡mt-l^n  :\r\ñ   tho  other in unexpected 

r,lMitf|íiwn.     í'c'it i'.ulofl nhutri.vn   ir   tJini    <>r   r;. i ntm.:nco,  wh' rrri-   the  un- 

i-xpocii: :   -hi:í.'!cvr.   i fi <-•.»>• -rí¡   t y   ''-«i.îurr.     Vr.th  wiild   Wifir down   time  lorr-fc", 

1 -: 11    tlK- .'•   •*.•'»-•*•!   '••.' tl-.o   1    'l.r   <!!;:    ' i-i-ft¡   ¡own   1<;. ;.<•.;  W 1 ur   rr«->'f"r. 



In   considering   the   e c o r. rr • i c.    vt" nni n vtT.-in' - ,    it,   •.•><- v   ea;.«;t-.   bot.h   ,'irc   t.-iken 

I  into nccourt,   v.'h->T'•-:.'.   ir   -H h r  0,1. c;   OK
1
 y   ¡ho   i -s 11. r.     ikre   t hi-   bnnkdown 

Joiner  a"! ^n-  wi i '   h"   c¡-n, iu^r ,_>i . 

The  hrc.iMown   Lot-?.cr> iixrt>r -iener.-linr on   virn-u«   iVjU.r.".  including 

the  kind   of  'OUR Ine«.r.,    nrcd'iclicr.  f .'occ.-i «•:,  ,-ind   fait."   rynt«-;.     .So   the 

««"counting staff  alt;«-, minit  U- neked  for   th*>  en] tien] n i ion  of  fhe   brcnkdoi/n 

]OH8«6.     At, breakdown   lor.a«.i>  are   Lo be   ut.ed   for rieci;í:njr the- couru«  o!" 

maintenance  action,   they mur '   be  weil .'inprovor'   r<" ì;y   t.| t>  mannponnMit  or 

the MUpervieor of production   üvi:ion. 

an exr.mple   of  c^cu? «Un^ .T  \ renkïosn  IOHIï will   he (»»ven  below. 

fireokdown locc per unit time:  a 

It will be  assumed  that  the brenMown loua per  hour "n" to   the sum 

of  the production decrenne 2ose p«r houi   id,   the production decrease 

prevention loaf» per hour lp,   th« unit consumption loan per hour  lc and 

tht axtroordinrtry operation cost oer hour 1¿.     INmcs,  "«" can bo expressed 
an: 

a  r.  lj • :TJ + \c 4 li [Yen/Hour] <13> 

Í1) Production rtecrenne ions por hour;   ì.a 

l'hic  i;; n  lo .o  cau.-.ed  by piir.cinR u  profit   which would  naturally be 

obtained If eouipnent wcr>¡ nornaJIy operated.     This  1 ):,r. ari. er;  onî.y when 

the production of  final  products deereasea.     Therefore,  the production 

decrease lose appear© when the down line   td exceed  the tima tt which is 

the Bum of the ntock time and the eurpluee tine between individual 

prececees. 

Í2) Prod lie ti on decrease provanti on lops por  hour;   lp 

beerenne In  production due to shutdown 1» flometinea prevented by 

mrnnr. of overtime work,   outcide work or  purchnn«? of Remi-proceeaed 

producto from out.iidc.    The Increnr-   in  contereaultini» from auch mena» le 

appropriated ac  the production decrease  privant ion  IOHR. 

13> »nit connumption  lorn  per hour:   ì c 

'hen   the  failure  hat been reatored   and   production work  liar»  been 

nf->.'\\   the   -•: trn  utility  co:;tc i-uch .»r   fue i »   electric powor n»<i   .t-iai» 
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•ï'fî    «Híí'H. i. »p. 

•:-.ri   ;fit'-( < -, 

f.n .t    I!'.-   unit. 

'  '*'   •• '' ••    ''•" .1   ••      ; í    f    .    ' ;       r,      ¡r/i¡    rrv;-.   i • .    ,..,,-; ¡ ,: ,   ,.r   c, 

'•*«- •-«    »i-    •-*•   «*-'•   -i   --.i     .    '    t     -./'.-.-n.    U-    ; .   TL-,   t..    ot!..;r   ,.1-wt!. 

*ht    rri.-.-.u«fif"   C   «ití^iic.,,   mu:   t¡>trr¡3.'    iö   IroMch».   b/.ck   to   L..c   lin«. 

'• '      -"• l   '*•'    :;í'1;-     i-• • -'    i ••   1 ;   '.f¡   p A/'¡-T.lt.'  cí    ' i;r  » vf moriinnry  r>i or.tt i ni; 

•:..t . 

'..I   •:. 

h¿- fíiiii,: ,   f.^etii,     ;-. ,i i   ;»,.•(,, ^roftk'i'. „n  i o? í   ;>«,• hour can be 

f-;,]cul»Ud.    /.:•.  «'Äüi.rii.j ul   * :lc¡3;,tior.  neaor.nru. ». • ibin rr,t»thed  ir. 

«fc««»Urit<«i in Xnhl* '»,    ftr t..M-n  ri-or   thiir tnbH-,   the breakdown lo.;n per 

h<«tr tli-iü-.'.i stvpwí.n© v/tth  tío tíowrtim«.    This «aortis  that the breakdown 

"»©ni  i« a dj.-e«<iitiï!vou'j fu L^C ti OP   i-f  the down  ti..ia. 

k,3 mmr wmwtt,hL MAIMHWCV ABI- OPTUW rîAii:iHï«ics 
'tilt «Ort   »cone li co1   point  uf KO m totumee  in   th# point where  tur  U {..il- 

ei  ita» ».¿ifittónsnrn cwt  ar.d  the; brixjfcdown  Ions barone:ì  ¡nlnimu*.    1h«?r«.'M'c 

waen   'h» prtf.'MJ   «.linteiini.r«.   .¡c-'vsty   point   ur; OIM. wit h   the  nirimun roi r t, 

it. n*j  bf mid  t.hv   thi   net1-  fconomicni  anititonincc it   beinr provided. 

<•».  tíu  c»r.r  hniid,  wf,oi;  ;.»«.• m-ti'iianarife  activity point ar¡r».*i.'n with ;) viveri 

«CüXW t loa  (riven  h'j a ìu.inUrìam e bdd;.¡ t ,md  n rcnrr inai  down   time), it 

nay t-« i.«i.t that  tí:*»  opt i nur. n.-i-»tenone« i;. b-inj? Citren;  jnd  it iu moct 

•*'.»irßb?i"  ihrtt  ib» ntatnttinnnco 1- both most ecnitorúcol   ami  opti.num. 

If the «líwLepanct  toft c vtui   tha  down  fimo  *.j for a rerfcnln period 

*   ni  tiitr are knew*  fur .-.  preti -.int í «..:<  Hi.c t»1  for larri of   itfc curaponuul 

r^uipA&iit.,   the   t«u.l  .„'iUiler.<i«rtt   îa.»î  I. i.-. »-xpr^Míl pr;t 

i.  s-  *   t  tu • t,j UM 

,íf i«í-  «Mi«.-«Uon  <11),   ''10 .-iV-ov«' eqPíUUr* cm» b«> n.**iltun ai: 

1 <i 
(Ib) 

l!i *.q.j.*iM.'->rr.,  !5   > !.   i h;.   ¡ r>   >ktic   i   "»on.»   p-r    'fii*   i mm   fimo. 

j   M.ï i i- •    o=-v   M    ,     (}'.)_     .   .     -i-!.   í , r ,j,   -   • ¡..     rtl •* M>IU hip   lU-fv/.'f'í:   ! 

•fea 



;,nd   trf  «lurinp a ccrt'-in   „r.11  -.»own   line  n,   uyinrii   .-,:••. .i  pnramotcr,  c:.n he 

drnwn.     An  t.-x .vir-1c   J:   shown   in  !•' 

chart   or r,inm.ly L-tvi   chart1. 

i:'. • ,   which   .) r.i"! i o"   '¿M • u   coni.rol 

i-'ifl.S  L-tfj  t.'h'irt 

J 

tn 
V» 

-J 

? 
P 

P0W« TIME    t* 

A etralftfct. Un« connecting the minimum pointu of the individual L-td 

corven in FíR.6 ie n criterio« line  for th<:  jud.ornent between ©ver-mainU- 

nancu nnd under-maintenance.    So, by drawin* this criterion line on c-td 

curvoe inr.Uná of l.-td curves,  noru'unlv -roa!  control chnrte will be 

obtained.    Talo ehort in cnlled the  H-control chart  ÍUeitaito'a control 

ehnrt) or einply tJ-chnrt.    Kiff.B, 9 «nd  10 rhov oxn^lo:; «* »"• »-chart. 

i*.4 U-CRART 
Af> described befor«, the U-charl i.-< that in which criterion line« 

for individual breakdown loouca per hour are drawn,  together with the 

curvee nhowin* the relationship between  the m»intcm.ncu  c'oet c and  the 

down line  t«j which are drawn by uMnf; f ••»•'• a  •inrameler.     Accordingly, in 

Kir.7'ti)i   the  intcrrectinp point   P biuwocn tli.> criterion lin« a,  and c-t* 

curve,  for example,  íL the  point  on which ili.     ota]  cent V«comea minimum 

whfn   the CD valm:   of maintenance   ir. ««and   tl-.o Ln-k.-'cw»  loi.e  v*r hour ir, 

n,.    KaturaJîy,   the mnii.icnar.ee Cor-t  ¡nJ .town  time •• t  point P ^re  c2 and 



line RS „„».„   touche,   the c-td  cu.v,  ftt   r„i„t   i ,   ,M,  t,„w-   Une 

beco«,, an  „ppcMlt. lln„  to  the criterion  line  n *,,.„ ,  C;|-,     - 0„c     , h f 

for, any point on   th1.  t,nrent Uno  h,ve , eounl   tot,l  lo,, :.   ^ ..^ 

«o  th. tot.1  1» i.p of the point r ,t  the breakdown  t,-,,  ^  ,    ",'      ' 

ld,2?rwhc:the polnt *Boved to th*point c •the •« ^ -i the point Q doe«, „ot chan,e from the tot«! loco of the „oint P.    mr 

t«n«.»t lin. le called the economical Unc or .«.„l   to,,! l0f.n  llM§ " 

t#1« * 
#*K. 09W*TtHïï   td 

(.) 

IllwtraUo» of 
tr-Cfeort 

S   3' 
ft*«. £>OW*TfME  td 

(c) 

- ?1  - 



From  th.:   viewport   ot   tr,  mos?   .coroner,!   ,1 -in«.MMHC* ,   in  Fi, .7(b), 

the  area P-IW  i*  nn  over-nmntennci   nor-,  whti-   tw-   ar.-n  J-l'-fl   t*  on 

under-maintcnanc,  ?.ono.     And., the  «r«a O-H-P-î'.  i« « moti  eeanaa.ic«!   «no, 

„mi yrfc  lt   moy bo  r.nid   poHlcuìorly   thit  the   ur.a CH-P In  * «ore  offc- 

tiv,  acne  in   the  production  inerire,   -.rrt   r.h.-.t   cn   U-e  cnnirry  Ih-  aren 

C-P-S   ii, «irre  affectiv«   in  t:.e  product!,«. rtacraunc   l«r  Ir.   th.   «ut   vhlrh 

have many allowance time). 
The «quai   total loan lino  car. be drawn  through an   *r,y point 1' an 

choni  in Kir.7(c).     I«   thl.« ««no,   thlc  lkc   lnÄicotr  thit  «ny point ot» 

this 11»« hi.•  tho «Mí   total   loan that  tha rcint 1   h.-iv», but it lo not 

an ocenoso!  Hr.,.    Tharefor,   th. point r i» Wf.7<«> i* in «ar-wiata- 

nance aone. 

Ao daacribod a*o*o, the ü-nhart in mi effective control ateKt permit- 

tin* tha judgment of the ttehnUal  (CD valu«5 nd economical letal of 

rintanane« during a «iwn laut» of tit», basad on t»o a*inU»«*,c. «oat 

aHni •*« the down tin» arino« with raaaaet to a traditati* line or eaaip- 

«ent  the rafla pariod of timo.    It «lw Iudicata! o co««* for  tha futare 

«nintenance activitiua to ta*e. 

*»•> - 
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*•.*;   HOW  TO   UüK   ;i-Ci¡AR'I'  AHÍ-  Tí"  C-AífhT   "OIM.'HI»   HAlí.">'N'vJ:OK   ACTIVITY 

¡'y   r   oi.'-. ri.--   <.},'•   "i ,xt)U-V'-in.:-    •• : ¡1 ', ' ' **   f.oin'v   f.    -h     ü- .-.i,.'T* ,   n,j 

*!•'-;.. r r 3 h   J  ;ih> ". .   * !•(-   i'»f'iir. 11 ,T í   .'in^   ocono- >j c '   «:or.dr t i.o¡¡  of  m untt-nunr« 

cm  r>«* 'íific lo.'-c'   í'íe*¡rl> 'h»i--   the  n<>xí   r.tep it   to ¿ietvjrnino  fro«  thin 

chart  how  the  m.-ir» ^n^no*   -nrttwity rhc-uld  ba  per f omeá  in  the  future-, 

rollowirif   irti  nome  <Ui'.cu> n* cru;  of  the way?.* of  uniriß the  U-chart aw» 

Of carry! n<*  forward  m/iinu-:' an<:c  ociivitie-ä. 

•V.3.1 Th«   «.*&«.• wU-n   th»*  L"t:.^ni. n-iinten-ne;:  act;»i ty jtr.jnt  lie,    on  the 
»WMUL M11TT   Hi* • MIMI lll^l I  HI!      M| llllll ^^i       I ^—11 I MJÉ •   *• Itili    "      "        — *" " *        ~     "*     •" *      '" ~ 

crjtiTJrn lino; 

In ihie enne, .'.r r.lio jr in l-i«r.il Íft), ' it ir idc¿.l io carry forward 

the future «.lintori.-mcc **<jt : viti -u  e th.it Mi* prirent maintenance activity 

point r mover» m th' criterion line tì-w^rd tha origin 0. "row the most 

economical ¡tan'i t.oint of maintenance, tutura activity point my  be incida 

of the economici! Une !\'ï Khich if- dr.iwn Ihrouth the vOir>t P. But, 

generally, il th re ore »n .fecial reqtureaentp, it ic not necessary, for 

«staple, to take « direct i on to point Q. 

Aloo in ffi.my c.ir.eo, a t-tr*ct maintenance COí t C«¡» and a tar^'t down 

ti«« limit TQ are «;ivar« a« oimt» for currying out maintenant activities * 

la f.uch c•••er.» th».- maintenance activity point i, to hö within the target 

!• ;;•   ••• ¡ , \ i ' v :••••: r. I ' : i.-:. í r*. I !•• cr ' • I •-     1 i r-c 

.•»f. - 



fi    til»-   prence!   m-sinte- 
ranKö   formai   t.y  ;.,.   nnd    :i(,   ;w,   .-.',,, V/„   U1   Vi..,)    ,;j, 

n.mco  ¡joint  i:,  -^ii.'.   p  ir  ;.-; -   !],'•  > •      , . 
'   l •...-'*.   .',    :i.   x      Í--V..    in   Ui.    :rur.r¡n:,   '   ,,,.   OP, 

the  idea],   fui...,re   :-'n-;!nc,;  .-.clini, WOUJG   LO   ih,   ,-.••.:„.  0/:   in   . he  c,i;^  <)f 

l'ir.UÌ«).     Uttifl,; «. tur.v-1  r*.re   'or  r .^cn^c   My V,   .on^rod , lo 

to 0„eakf   an   provider, a Ir^othtHcl breakdown   lo« Nr   h-ur.     When  ruch 
maini*,«,,,,,   t.-,rKet  :-.,.,<«  i„  piv?fl,   r   ln  11(lt   ,:if,pd  u  ^  ;j  ^^^ 

of «lipunn,,«  .etica  to rolnt o,   01, Q<   ,   by reanoil of thftt  the  ^ ^ 

nud Q, nre  in  the  S.Mì economi<:;d   mone, 

floral];-,   i,,   th,   both  e:...*   ,f fi^Uioì   ar,i   (•,),   i.no  practically 

•itìopULle r.ttiM..ntilCB  :iition in  t« «*«   th.-  valu..  ft; CD«) ae  email  us' 

P03uihl.  within  *  v.«:.ir.. „i0  rW;r   fur.ned   by Po,nt   r,  which la  5hcwn by 

dolled llii«s. 

<K5.2 gflcaa^^^i^^anoat ru-tntrn^c» activity point doer, not lio 
on the criterion 3ine:   "•'••—•   ......    "wr .t¿» 

There  «re Uo c»oon,  In  tiri.»  caot.-,   one is  the car,*  of over-mnlnte- 

nanco nnd the ot^r i.  the crux  of ,.nd.»r-maintenui«o. an chown in Fig.l? 

(:*) and  (b).     In hoth C»R«G.   the  conM^mtion« of action aro Cftmo,  but 

the maintenance »«time chould be  takr>n nro opposite.    In  this cae«,  it 

will be popular to f«kt  m «ti«, P-Q.   to r«d,,e* the maintenance coet 

C 

-»•tit 

00 

Fii?.l£'    Direction  ri   future /tctivit/ when  tho iwBcnt roair;te~ 
a MO. o activité point  it   off  thi  crltrrion  line 



•>n   ir-• rov-:-,"ii ri',   rf   rcviinmrnt   cr   -i 
without ch.-mmnr "H- V^L-í- ni e¡ . ., 

However, fHin di re: t. ion wo'tlo ro^ui 

reinvention tinr,   oí"  ''m^tntcn.-'.rc»;  "or*' • 
•K,.   ^.n.i,i;   tot ri i   lonn   ].-m>  AB   ihe   upper  limited VhO   nei. 10^   i'--^¿,    ••lim;     LV   ^ílU<:J; 

•*..    V.1..UC   ol «5   hoTftr:   -i-ct-T.     Tt    L.-;   r<-  :ire   tokinn   th..   PC ti on 

-dy 

act-on v/i'Ji   ' v.'t   v.äJ..,.   •,.  .,      ... -   - • 

hcyonr   th.-   oqu;.;   to..~.i    io:-.   : ü.c,   1 u-;,u.-c   i»;  thL.-.  c^.c   iL».   Lol«:J   Jonc 

moro   ï.ntrcao«   fro.*  proi.ru".   one.     Or,   ti:.-   <ontrury,   it   w   con-.ûlorcrt   Lo 

-the   a ..lifr.-TCiiL   ciit.rtlon   :ikc   i'-»C>4,   :"ii   Lhi-  d •.•-.•£ n.-r.   > = .  r-o  un; ten 

on bulunco   of  ce. t ni.<»   fai.iu.e.   'hot.   it   „r. V,   ter,   it   the*..-  art-  no 

umicinl  requirement-.,   to Jo«;   no'-   ' -ik*   I'd.   ac;..¡:i»i. 

4.5.5 Tho  criterion  lino  for  the  ero where   tho  t-ron*»cwn  lo'ft per hour 
changes: 

Ar, nlroody «xoaplificd ir. Par^t^h *».*.   the breakdown  loan per hour 

frequently chonte« otepwir.e alen« with lapse of  fio flown lime.    Such a 

cane io r.hown in l'i^^Ca} -     io bo  >^rc troció*,  if   » dnwn time td for ft 

certain failure  execerfr a  timo '^ a»- «hich production lore r.tartn  to 

occur,  the breakdown  1er  pf r hou- chanceo from r.,  to a¿ . 

U-chart 1rs weed,  er; doncribod bfiforo,   for Mio judgment of mainte- 

nance uein*» the  tct.a.i  down  time n-r.nltnnt froei the fei lures occurred 

duriiii-* a  riv-n period  of   time   and   » h..-  mainU^/mc:   com  rj.cnt during  the 

ramo  Period   of   time.     tí.,,   even whor   ti, ;   tot.-» I  <¡ovr   -.ir«e   ^--ïde  the  time 

Tt;   it doer, not  immediately follow    'o -sse a cri t.«rior.  Une oa.    liecautie. 

ovon if it   i;. admitted that  tho  tot;».-'  down   time  n«tual3y eirceedr  the  time 

Tt,  it mifrht al.no bo  the cace   tha*   the diwn timo  of each failure  io all 

within the  tine  \\.    It no, mnce  the- breakdown lone depose only on the 

unit  eoi.t a,, tx criterion lino a, enn be urod.    Howaver,  if some of ouch 

down Urn» exceed. Tt»  reculación for r.uch failur¿».«; to be done by uee of 

a criterion line nt.    A.-, may ne undortt^oa from iho above,  it mny bo 

noceocary  to r.eîect,  out of  tho  tot.i>  down   time  id.   tho down  time which 

U-. within  the  tame td nnd  the one which is beyond  tho   time  t¿. 

¡Urtribution of repair tinc  i'   oxprcr-se-i eiHwr «y  tfcn logarithmic 

normal distribution  or by   tho  .-XOOPT   ini   .hoiribut I • -     Yir.iï r.hown  a 

cumulati wt   rr«-quen;y  oL   r-p.-.ir   ! üft"  o<-   ¡'   ':crtair   rolHnr; Mí M   plani.     Tt 

jndicoto!.   that   n  r.-r-.-i-io .-a-ì«   1..:«.  .!.;!V-..r   -»i   ¡jri.r-i^ i .n ti-r   Cí:n  ho   ohlflin- 

cA lv  U'.t'   of  tVc   f'oiloi/inr (\>'MH-rvJ.l   fti-i.-tion: 



Hit)   -   3   -  e"-*** (uo 

Tt   ie   thi-reíorc   cm.fuíer-:   hcv<:   t.hní   O.-c   ,i.. r.t r : hut i < n   i:;  oxpoi .-ntinl. 
In   this  equation; 

,a MTTR (17) 

In  tht* above equation, ¿4. in known »fi   Lhe .mnxnUnancM-action rate,   indi- 

ca tiarr the frequency of  failure reiteration during the  period of  one hour. 

As explained before,  MSTR in  the «ear  Mme   tí   repair. 

An ex.nmple  of repair 
tim« distribution at 
a cart.'im roi lin/: 
mill plant 

-, , , t t i    , 

20   4 0   to   to   tea UO t40 *60 

Repair  T/«e í mitt} 

New, referlng to Pi£.l<», the ratio STt •* the total öOWü Um, which 

bave already been restored befor« the ti«« Tt starts production decre&e« 

loss, to whole down time can be expressed at*; 

STt * 1 - •-*T* ( 3 +M-it  ) (18) 

Thus, íl-ñrt) ie the rito of tie down time remaining «are-otored at the 

time Tt» *'Jf«» thit;, tho fcllowin« equation can he  obtnlnt»:: 

%!**« « a, » td 8Tt * aa . td ( ! - r;H )    (19) 

«*5 K *¿e - ( ** - », ) *rt (20) 

?9 - 



v.-Jticli n'r i  '•-•   ¡S--    i'-¡.l-'-*'.-,»-'í   ©•'  ••   • -'<»•-<•«'  "*'*»r  " criterion lin» 

c< rr«-,? -m :'in.-   •.<*• ó„| .     'fi    -«tlm„   <»« 
vi     -.'a i ".vJ.Ttjon  i.'-.  r.un««TÌ7.^<i   ill 

íi.-.l'...      Ir   M.f cquitM-n   (¿O,   w^n/: f    '   *./,  - rt«   i'.'i»;   therefor,   ti  iajr 

t,     ...   ,,...-•    ••*.>    -       '•'    • H   rti'c ;*  w.-K-,   i.o   **'.,'  itr   '-Tí* «Ootì  not 

«««vati   »A.? of IH-  Ufc'1     .   "*- whpn  nrnrtncUon do«r«*bd  lo-* r tarto,   th*r» 

ir.   r¡0 i-v-ni   to   €«ifj*rkr  rhov*.    .*.«*   -i-f.i. 

(a) fc;t«>.*sl. <.   •:h.,»rwv 
In s 

repair tt«e 

a   i \ T 

t'M- t •Mt 

étti 

t 

/ /* ***** 

(e) Frequent? 

repr-ir U*'J 

Th«  rntio of the failure; 
rer»ior«4 tee foro the lime 
1t at which oroduciicn 
d». crearti*  loe-ft Btftrtr. 

ti .S,¿i Co«B.-trlfior_ef <_ wbon ih« CiPcr-tiun >?i:0_ghaB¿Lí:* 

•'»•h>- fü  value  ni   th<.   p¿¡  i   i^inunviu  ;¡rJ   'li1   '••*'  Ui«  rr*r¡tut m»lnt«. 

nane«'   .-re  nc.n¡»irí;ivi'   i/i. ."IMH,    »V M . •    »-..uii..   .'   •-'<•-   *• » • i "•» 

nrt  c• »_• <;f-   C.I.'í. ...  ,. \ .iil •!.-:   ••••• .    . it itir.i'.   -11 y t- í-   ••.'• •ion •'•->*•   i 

•i. 

 : *—- —-..~..~~*~-^~~—*~ •ÜHÉHiül 



: í,:.':., ; 

'•Wm^^Ê^^àÊ^^^i,. ^JlÉ| 

\3$Pi.:.*t wUth #*«(*# ti<* 

" fitp' 4mm- ïim êm>U$ 

.li» «Wut ptri«4 «# tutti...»,.. 

•(¡»•Ort 

:-^ " 

-::-;-,-^r:....^-   -;._%-^;:-^"í^-í    :^A--rç' 

•.e     i- ;- 

.J&l^iSçé   :fj*^..^fll 

'  '• »ä|'"H «i- ' : 

wfkvto  th»î  »ir<¿aJitt«wtí loen  w-r h««r eft«ftff»a 

..   *l 



I:.;¡.o.  .,Ü! I-.'. 

V.'ith  :,.,r.-cí   io  ..   prn.ltcviw.   Una   w  er.ii T.-rr.or.t  with wHcl»  a ricorri 

,    . „-  u-.„t    *• »r   •    .-.•rr.ii-   i-rio-!  oí   H'ie,   a  r-'l fit lonnhif  ir. 

c = f'r) (21) 

... :,.      , ,,.•    ! i.       »ir    ;•••   rp'irr"''"í'il   *'•>     íollOWU! - ;•.. i; ;r.r-.-.  1)   ui-ir^   : :r • .   *T«.-  íV'"v<-  <-".1(¡if-.  c r.  i •.  icrr  

i;  .-a,   '5   in pv.ili .enrn^r   a«:'   »-»'-i *' '•»••'•   promue U e \  ;-:IUJ:í, 

la  t> *--«•!  ¿«.itii.-y,   the fVUowir,; «««••.tien   í^)  is r-onwltrly ua«d 

for • <M-e.-«1.i« th« r^otxcnoMp fi '-•* ^ «nwlion  tel),    «mi i« t« ««y, 

«ila  IU cr.*tti|>ti*n ttMiL   tkv «H«t«rt(.iitì.:  ?«* io.- th«  production »Mm l M, 

in C,,  th* ftetrUimiiM to-t C,   »cr th i-oduetlw» amount H*, when    pro- 

feti»* «««wat ehaiiiítR rrm M,   w» H«,  the nt»Ut uc« eoat i* «*pr«e»«d 

**.* tiKLifiCTlW l*  «•»UÏIITEiU'.'CÏ **CFf.(< 

In l'«ra»r»i* *.'»•   tU-  *'áhsd ot   du^lwUlil*  •»*   ««»••;•• of   fötur* 

rmlat««.««* .cil» ly M« »t  tK  1-cMr    «ir. WH.«*,    ftwfc «.UwlMilen 

*f ninmuei UCUQII ir «4*  fro* ¡. •. Uwool.it   of h»*  to mutai» ** ««»tre 

i..-«d^tiOtt Une m  muivmtt «r r.i-i.fct.ntl«! Mí.* <n  tn*  fnUft.    It tu 

net *•»« M» ti» unii  DI  iW4«-.*l  -...ihU-wvic* werk".     "hi« »:«w«er «»«•' 

»ôt m*,.'   i* wohl», i  ifc-  l*«*r «í «f Um kin* ««»   H* d«Ur*in,U«* of 

«»mun-mc« •eilen «ili  r*th«r •ví^.mJ.y r.uai :   in  th« «< <m««i.*.i*r •* 

in,HwUu-.i «•t.alnt«;»i»nc« w»th'"  t«. tu... hi-h»c>   rtepr«••.  which, howr. 

nw>imt..  u *»ry e«^-? f-f*«'«'-"* ip r*--«««-»«»-•    On  ih«   other feu*. "*«« 

n,.ti-.Än.iM  i'r.  «if!   ••«.   it»r •...-.«   -.f   M,,-   h!-'-.. c  «1«. r...   »I   • rui^m «*!••*, 

,t   ir.   «!nt„ I    imrr  ,.:>:•*   tu    ,c>|.-      I »..     ^n  i: ;     imn.iv   «.tudyiBf r«ch  "•••.»llU- 

r...n<.t   i'H•;•    ¡-•.• •• .••.•'•• ly . 

Hl  '»     !" 
• * i t.'.n::'" t trr.   «     di.-t.'i it^nod   f ir¡ * 



wi Mi   retint    trt   ;:h-.'    »,-tir"   i-nrfn-M,-    •;• 
•' ' •      *"   '--T'-U r'r<i*r:-v   m   -,u\>cAan M al 

rí:,f: .      Then,    in   Un     > pi ' ,«,..<; i. -   -i, .       ¿„ 
' '•'•' l   fl   ' ,sc-'     ..-r»1n tontine e  work' 

10   Cfc;uu i e /* c r t   i »i   a< ccTd.'ir*   '„i • h   . • -    ,u .     4 • J"'"   ,vXu"   '•«'-   tUn-rtiHi   Mr....   d«;.omHned.     An   B 

»rot tor  of  p-nr-t!.ci,   h.r^.;v.vr,   nntar^ior  o<    -r,-,.,   .,     *      i ,   ,       \m a   j or,   o,    ,.; r,j ovotngni    pimu;   for   indi- 

en   their 
vtaUij   "tri.* ní.fí1 .r.•'••'»  w'i^k11 »"fíe,.   >*»»,.«        i   i     t. .. A     v^ien   ¡rfn  work  to v. ->rV   d.-^en^in» 

«t.«!«-.:.     I. «„.  c,,„„,  , ,.,,,    „-„„,   „   trr,   .,,„„,   -,0  ,.wu^  tn 

r.d..«. f,li„r.,   ,„  ,:  .,.,.;.,,   3;,,,.     ,,., ,lh[r-i  riomo Jis;r(io of  fnj)iiri 

«curren« «, a -,=  ..Ut,,ud hy ,c<¡lKt:„ c0¡¡t.    ^ jr._, ^   ^ ^ 

«Men crr.cUv* NUIJ,*, „,.., „„,„,,, ,,,„  ^^^  ^^^ _ 

itili; pre Vi-iili\c  it.-iintcii;ii.t:^. 

Alea turre «r*  many  «UM« ,*or.   , nm.it.or of lrprov«Mnt plan« are 

wnrkcü  out  for th«  i^rov« ,.ent of «  .iniîlt ^intcnanco  work".     (It  io 

carabi-, for the  prwîlw ,d K,mtc»«ncr thi.1 * number  r,r lorrovwant 

Pl.n« «r« fr.mai.cd  for cc vr.'c.)     out of  ^ ^rrccmmt plana thu« 

prepare,  on* will be „i.cUd .*i  n t  Into practico.     That is  te 0.y 

a ««.lute»««* work« plon which in b,„t «oltod f«r to«  futur« cour*« of 

«fetal.«,,, action  io,  tho .„tire production Une cr oquipwnt of con- 

•IHornbl. «ir.., or In othor „rt„,  which ,n«bl*. the hifíhwi economati.« 

or «ptUi^tio« ei   ih. „hol», „m   b,  e.lect,d for proctiti application. 

U ir therefor*,  noccns.ry te form nil ro«wl]o con.blimi.ionc uf indi- 

vidui  y.rtor« of   the  orinal plan   BM  « number of  tuprpv.««*  plnnn 

Ch«w «ay h. dl».r«.nt  from ttao direction of the naint.naiic. actio«, for 

tbr wholo) for each ««aint.n.nc* w<-k».    Th«n, to find  out auch « co-bi- 

notion *h,e„ remnant v.ctor ««roen with, or face«    ». cloa. .« posible 

to,  ti* vector for which th. mai^t.nanco «tien for  th« whole dir.cU. 

"hie proetiwe ir, wiled th« MJ«tion of •'•alBt«a«c. work".    (H.fer to 
KiR.   16.) 

I«t us cennider.  U rl(S.i7l   lhat H ctPtflin ÄlBttlwie4> wol.k mw9& 

trm th« prn.<-r.t ««tivity point r4   r.o a new inpr.».d acti'vlty poAnt Qj. 

•V »«tur h Qj inr  tnti   CM, lc  rjirr..i.«l .. ( y »   i / ),   9Pd  thc dlrec 

ito« «f   it« act  on  ar //f.     Tb.  ï^por   ti.« vnìv, of //f,    th.  1oBí.   ,h «„ 

lr,írw,f-   i,:  c-,!l   ¿r*   frfl"nrl'-«  wit-ì,   ,ho   ,1^-r. ^,    il,   f:,i]..irCl  which 

tHÄt   tí.e»    lirer'if«.   Ol    l>l,.   ,.ct .ut)   ir.   ri-M. 
MOfinri 



Vector  of 
naint.   notion 
,icf."ißl]y  composed 

<?    ¡¿       Op 

• It *v.   "•- VCvttfT    Of 
,   litui vi dual 

r;..jint.   vnr\ 

Coiipocition cf raninte- 
nance vnctoi* 

Fi*.17 
Vector of a rasiate* 
nance action 

Accordingly,  the tmitcbicneBe of the direction of the «alatenaae« 

action movinn from \\ to 3j is generally expressed  as follie, with 

refer ine to Ft*.37t 

r i Atd     a     Udr-)   -  tdi] 

¡(Aj -KTTRI - M 'FTl'iU  )1 «  i ¿j-rrç  (24) 

0*4 iß  called the priority of improvement work.    In   this equation  the  ab- 

solute  value muet he taken for  thv numai-Htar with  censidurinp the sign. 

The wvrko wiU \>M rearranged in the ordur of  their priority.    Then, 

the vuetorr.  composed with eoiiBldarin* such order will be  combined veri- 

minly co that th«y rhould arcree with a  torircfc vetor tow-ird which  the 

Plain tcn.-.nce  under conoide rati on U erected.    Who*   the numbers of both 

work©  and inprove».ìnl pinne nr«   T>.  ,   t»uch work ne lection ran well he  done 

by manual calculation.    Hcwovcr, when  tin- number- of worké increamee  and 

when  two or «ore  im:>iov»meil!  pieni; un: wr.rked o¿*   for -••  uInfrie  axis tint; 

work,   11   tjinnct te   hammed  by m« mul   c • .'.cui.-» ti on.     When  Uüinß a  computor, 

coeponitiivn  of v.-otor ,•    cffictii. fro.-.;  U.r wor):n  nf burner priority   for 

cn.'K   i-nii,»-!..-«- .     "ine»   t: .   t>    i  /./in-ir.v   part   ."r<*   tV-o   r-nl   part   ore   t;UMr.uri 

up until   .»   inrn.1.   r^mï icml   vociti- 1;    ot-tainud. 

.,       f.4 
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1.   ìiilin L-.»',,,-.rç    I)",,;."   ! 

1.1   \JíM ti :, : '. *l. .      .... ,teBifn  .... 
i. » t.  .üij. u t an ( u o «}  r < ,.r n • n» 

?. Füütii'f   CJIJíUIAí.I« a 

<-.J    i''SÍ. ll.íIT"    T\jt'.;   or   íi,UÍ*>"  T' 

<'..-.' ¿ei<r,.l '  (i u:críbution      .. . < ,  
y. * t> Av a i lab i. 11 i. ,•   

2. Ivai'Ucn/m::«:  v> ¡rL tr.nl ¡Tai lu*; 

J.l Hot cvr^-.c  , ,. 
5.2 Mr.« ton -nuc 'u-r; r-:d   jo'»  
3.3 i-'uQur-í y,ilcv/..*.Mon  of the 

^.'' Mu. I',  tabla ••MtltlIlllllllM.il 

''i«l '•'CC^Cí.7í..,\í M.-,:M ranaca 

'*.! Ce*Hiele: t  vf co-it  r.i.c« 
j    •* « *••''*»*      •••  
'u? Bwi tve bc-j   •  
*.i .•>.,• t ¿"•rnílTitili ¡Minfcnaacc ar,A 

OJ ,iOií¡n r. -i r\U.zui'.i.e 
LA ü-f.hbt.   
4.5 Iu.-..< fco u. - !'..brt tnd to carry 

£¿J   '*•"• »•   o».*-.'.-...« r.ctivity          
>.0 Selection  of M-;aintca.iBc» work»      
'• .7 í.air.: ¿rmic5 WOr'e <ta»i~i,  

5» i!*:n?.pia  oí- r;ni.*i# :ru^o úvelrn vlfch 

5.1 Procfc:.ur-^ o/ ... im-nence à«ai*n      
%a Preparation o? naiiittniuiao work tati*.. 
%.? Inmrowt.cn'. ;f ••«•..lit«!»««« work" 

(Kr,tfth:ir,hr»^:-t of improvement plann)... 
¿*? ^«Jcfition f.; min tenone« work      
5.V Conspiration *r ¿he most 

fî-ora.T,lcal poi At  

6. Introtluetin of Maintenance Synten 
¡m-j oconomict.il ra/ñnUmr.ee 

£.1  Multile.«-net  ¿ect.-n ari ernten      
t>-?   í:stT-cdur.Utin of economical nalnt«ne.nec. 
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A  T„.    m,lintonnncc   rioint bQ rt-.nMirpi.  nn  rr   „     f 
.! <...,.. i   jtd.nrci,  no  proven ti vc 

^aintcnniiCL' at  al],      in  PUC»< ci-«»     M    ^ T< 
-,      .. , '   " C',-i'   ''J   Wlij   «n.xrt   only  of   the   PM   co*t. 
^.i  Urna elected   iB   fre, from   rh(>   lnflucBM  of the anherent   p 

«i   ^«il*nt,  and   ,hu, lBdlet,8 R doRp„  of ^ .^^ ^ ^ 

prenont nnintenancc   to  the preven: ion   of  failure  oreurroree. 

*•.? MAIMTENAKCE WüRK   DESlGíi 

In brief,   rta  objeei  of equipan t   «ainlononce  ir, to .rêvant   the 
occurrence of  failure.    Ther,jfore>  if  it  u ^ ^ J^ ^^  ^ 

ot which component,  of  équipant,  „her.  and owin, to what „,,„ .  filnra 
occur,    it ,fU  p0MlM.   to tnkc ü  cuí,taW. „^„^ ^^ 

th. fall«..    ïhio  typo  of 9rpro,ch xu   called   th. technical approach. 

Wfct. of technical  »ensure* determined by a  t.chnie.1 approach,  however 

are not achieved until ouch ,loW m,iiltena«ce   job. «r* perforad «« 

inop.ction, repair!,^,   p«rt« cl^in* and equipment improving 

Accordingly, it  beco««, «cW.Wy  to study,  fro« the field «aiate- 

nance ;}<* «pectn, what atepn or procedure, should be t.ken in order t. 

make such Job, „ore  effective, at a lower coni.    TMo i. called  the Sl.U 
maintenance job approach. 

When the ronulta   of th*6e two approach., are combine into a certain 
form,  deci• of a «ni„t*nnBt, Würk  lß  conplct„ü.    Thu <:omMnlrMÇ mk ^ 

specifically .«ned   the «Intonante work déni««.    It ia «ore dewir.bl. 

that not a Bin,;lo work pl,n hut „1.0 a „umber of i»proven*nt plane are 
BXBultaneou.ly preparo«  from ,;,;„ »nlnfnance work deairn,    0ut of a 

of work« thu, formulated,  one which in  «.uited  to . «ive« condition viU 
bo  selected and «put inte nrucMr»      »ri»«  -.«^-I .   . .,«    ¿nu practice,     fhe  maintonane© work denial proposed 
«y  tho author conriir.tr;  «f •»  íM»-.,!  ____  j «r «nr,4„tt  of a  fixod  procedure r>nri o mu'hodi which,  however, 
will not b<: dine usaci   here. 

i 

What roquireu pnrtieuj.r ..ttention   here i« a Coae in which improve- 

mont of „«e «.inu-nancc work, „re dono which in prnblwtic ,« to „alnte- 

nane, efficiency or CD  value.    If lht  iwrrov,„;i,n(   of IIUPh mffint<;minrt 

i»rl;   i,  orW,ed   to worK   reduction   of  i>. i imV.    the  Lchnic)    ,rrro«ch MttSt 

be   adopted  firnt,   whU,   1 r   it lr.  orJ..niuu   »o work  rout   rcw.Uon.   a  „tort 
nhouid Ve Mdc witll Ulc   ,jo3,t mninltmntl:   <ifth .trT>rn;lc;;% 

m     %r      _ 



the following throe caoen: 

a. induction of  the failure rate  A. 

b. deduction of  the *ean tira« to-repair  (MTTR) 

c. «eduction of the down time  U'MTTR) 

to .Lnrt, *ra,p which of  the above three «hould be •Ime at affecte 

th. auba.^.nt approaches.    ïhe failure limit rehired for prometió« 

diffère fro« equipment  to equipment.    Generally, * ha*  to be made amali 

for continuo«, operations, while MTTR haa to be »ad« amali for batch 

operati«».«.    The atudv  of technical approach ia the loot and the patent 

probità to be aolvod i« the maintenance.    Eut in this paper no «ore 

dincuoaion will be made about it. 

5. EXAMPLE CT HAÎ1ITEHA11CE DESÎ« «•» 
AM SIMPLE MAÎHTENAHCE «COBI 

5.1 PROCKDWES OF MAINTENANCE DESIGN 
A aimnlificd circle of mninUnance control wae ahown in Fig.A.    Fir- 

IS *ive« a «ore detailed flow chart,  incorporati«* all the it«** e*plai«*d 

until now.    Drawing a nimple mMnUnane* control folw chart in a very 

diffieuU  .lob, becauea feedback, «re don« everywhere and individual items 

are interrelated  to on* onotm-r.    tut tbiu flow chart will  be eonducive 

to undcrrtmdtn,, whnt  „celticm. «re  occupied by  the item« deacrtben herein 

beicrr nn-l what  ite«0 are left «ac-pl-ined.    •!*•  chart  «lao nhowe that  the 

differed.: betwrcn anintonanc« da«:li« nnd wintr-Baacc  pl«nninp liea in 

whether i:**l¡edulinr iß included or not. 
Krnr, '-in.  1»,   the m.-.in  f'ow or -u.tnif nance  <*a« be «ipr,-cped an 

fol !©w:;: 

Ì) cnilrction  oi  anturi dal--. :ui.J  r.nveriioii  U.em into information 

.•>    ¡.ThnifTr.!   nt.nr.orh  r-i   «• •»•• ' n-.nc«   J»eb   .^prcyr.!, 

-   ?t   - 
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,.)   1)c,î|ril   ,r   , cl   ir    ti-   c-n„^r   «v/   ^ -•,«'^°rt" 
(work  . ole"ti on> 

M   i^tMi.l.wli.rntion   ci   •««•u.l.Un.'ilKe  wr.rl;" 

i\) :-~ì\ unì ir.- 

,h..-, M,h*  ite« Nk. «P • «PWlI^cna-éOtf«" cotttr«! ciiHil.. 
Out  cf  ll.c^.   If-'.w  *•   ^   *•  «d   -' CÖMiityt# ••"»*••»»« dtölRn«   te^tll#* 

uii-i i'r-i 6  cfl^nriM iMinltnarce pUnnlfMr.. 

• k. u*• •» «t •' f» i— - " - 5. »* "——* -" 'Urlhe     j!" 
„„,„ 1.».«.» ,-.1..   «« 1' «' -1» "•"""'" f0r °m"? "tro 
:.ji.r .r «« -—«-~'—-^ -1'0 n i « „    - (hll iinortant  frnacworkr of »ainwaance •. ^c  *uir   >,,(»*    haine1 env  of   tira  •«••Pu*l*"*   • „heae of  Chic, vapor,  OBJHR *••»*• 

,-r -,.ntif,n    the work  tibie  preparatimi will  to« 
control.    Î» rovcrn«  ordir  cf si-.itif*,  me 

takni) np firnt. 

%? fWMUTlt«  OF MAJHTEKANCK WüHK TAPIE ,  ,   far « rl.0l. 
Far  ti--  rurp«..  of  iMo dloeunH«.,  « *.l.t«i«c. -».I  fer a r.Upl. 

.,*«..!   Hice  * oai.p¿c  .1«   —*nin, only  -i« ""•» -«^ « 

rt« ,. «1. >, .1«. M -o-  tor ,..* «»dorata*^*.   «* ^ 
*. U»I«J      tf it: first aseuned that  tuia aq«*p 

octaaUarad l.y  the cUiw W«» bal«,    tt tu  iir      a 
-,  v. .,„„..      "Hr figure bccornoii meceoary at 

avat if«  OTwrati-d !>,<**> Hour« a yam.     -^»C  *l*ur* 

the la- ».  ut «ft   *f  ' »»*•'  «'topr. 

,„,  , ,1:,t)ll„,M,, „M«.»  «h. „o. -«pono,,   ...<   .h,   *» .-*  - 
,..,„    „,^,^,.,.r(.,•,,,'.   UH-   -,n<...   „.,.«.,  «P.     .—, 

! ! 1 iì •t    tu 'C. yi'l 

ì rnr i-icu oi,.- h--'«   :--.-rr.l 

!tl   Oí,,  n.,... p.    With rnui^ont  of  ni«^'"  «on- 



euch  ro'lat j onoiiip:-   ¡y   folinvün- 

0. 

<o tv.'en i ii t tí IK>!   cor:<»ariot;t». . 

i ;>e it .) 

orouprnr  t h»-  hot.   <.o:-.po..c:if    unoer  cu;!;  ea»ji|«k.r>t 
ami   device,   fina  enU-i in,r   Mit.-'  in   » werk  table. 

i.-.n'.cTir¡í the jab., main tt>iul m: auch hot cowpc.-nenU; 
in the "lob*' column which Í.-, «.;;« !*• ' t ¡.He of the 
hot   commorient  column, 

Kornul .ti on  ;. worH   |.y  roirí • nI »,•   '.ho.-e   .lohn which «re 
inter- Ute    to or.i-  fii-oti-.f-r   tlrou-h   »he  hot   -:oapcneutr, 
ftT.rt  «T.rcT'-n,r it    t!«o   "wojk"   CPL»-,,  U  uame   suitable   for  u 
rrrr-Mp of   .1r.Lfi ccrotitutirr ,' re work. 

including  in  the work   the   failure tffMnrin* rv\ uo- 
pi arn*;d   ,iohs. 

^2)  Inclusion  of the maintenance coot ppe-nt .-.nei  the actual 
failure data  i"'  thy worka 

Although   th.s  actual  cinta r.ay   lepen«  on  the ötability condition of 

equi potent  (in  other words, whether *  rind MTTK are stahl« or net),   it in 

commonly recommended  to uco one  for a ported of one year or no.    Data for 

an excensively ion* peuod of time  it» unreliable bocnitre of a poatsiblc 

change In maintenance efficiency. 

The maintenante co.-t. of « work ir.   the i>usi of  the eon ta of individual 

.loi;,.     "he  coct:-.   of   failure   r«n tort, ti on  nnd   unpl.ipnod   .jobo will  be  combin- 

ed  and  entered   in   tho  renpectivo  "job"  column«;.     The  co¡;tfi  to be enterad 

nur.t   te   fur  a   fixed  period  of  time,   euch  nr.  annu.il   or .-.cmlannua 1. 

Failures are entered  in  turn's  of   ih» 1,000 hr.uij. failure rate.    If 

lai .lure-   for  coch  comnoiiont   ;irc   nM   recorded,   .r«rr   t her hy vorkn.     If no 

other  failure  record   than  that   for  »; ¡eh eoulpuent i;  -ivailnble,  » uch data 

mui.L  be divided   into  that   for v.u.h vor"   by  m.-'Miir '¡  ri.- ! i> ve .•• tirât ion 

bai.-.»!d   on   the   cl.-jiiut ricition  of  hot   compone).I : .     Aryhow,   any method   with 

which  -i   f.jilu-.-i-   record   for  t,-.,i.i;  cors pon en:,   i;,   coi   kept  ;..iiou¡d  bo  improved, 

comudcrini*   the  manner of carr-u.tf  ror-nr;  a   technical   rtmlY  in  the   future. 

If  finy   -omponent   .»her   I h-.n  ;u,>   ,:,, ,nor¡..¡ -4. :    (•-,•>:,   ..-/¡t- .•   the dnt:.i  in  the 

"':o:¡!i-on-in t."  e--1 u!.-ii. 

A3 no,   the   'ic t ü.il   :•••( 1 o c\ O*     t. ";' ¡tit-    AJO. I     h n ' «rod. 

'.'.}   . 



(5)   FniJurt;   calculation  of   u'* w^'ia? 

•Vhc  m-tho.1   ot   failure  cnlculnM«*   <v    ih-  worin   ;r 

l'arncrapH   S..**  and   '¡'.-»ble-   1. 

.tu';   der <*.ri bed   ir> 

Í'.)  ^^.tton  of   th. ^XMiLJf  C!^   for  thfc U°^ 

TLo workr.  nrr   rearrnn.** fn  th*  ord*r  of  the value  of * . 

j   - „  ,lft.:,   ».»i-li'   for   MiiB  mn intervine« 
Kollowinr  the  abovo  procedure.".,   a wor..   -t» i«. 

»   •,*       ThP   tat le   »hui--   fr,-.-..1Vv'cd   will   te   *he   rame  no model will be compiiteli.     I he  tati e   ..r.ui 

onfc   tao*  ir   Obtained  by   filli.* i»  table  2.-   Thir-   t,bl.  eo*tnì»n  „cl.,-1 

performance rapito.    New « ....cripti« «U  *• „ven ne  to .t.«    - h. 

U*.. or c-ilin, o ne«  proved pl.n *- -  "» "«"«; »* ^ f^ 
cations T -eh actual d.ta.    Fro, tnir  co.pl.t- tnblo.   for *M. f 1*« 

„•lo.»*«.,  ih.  -toUl" col«««, for individu,! w.rk. aro Pi.M cut and 

recombtnvd into a table» 'iable S 
# 

".'r the jkrt«t.lnn und «xtçnt for th-  future action, «t«  
.M. *«l» ..ce«i.t« =..:«.-, Hon  of  «h, ».«..—.  ti» 1«. £ 

hour.   TI«, »..« or . «-i«t » f»n, d.,.erib.d i« r,••,* *•>>•    " «• 

«ri.-..»«, «odo!, m. ni• «m ta «-»•<•   Th- !:l«*» "r r"1"""1 

ecojKMiri; will b. dont-  In n  loU-r,  1-nrt.rrar.h •>.!,. 

, , mgm» or »MWMIOOB now- law*»««' * IHPM»HMB PUNS) 

" "     Thlr. will bo  dono   in .«ord.n« w • . ".   « •..-    '-lo— «f —     *"*  «-*"r 

.r..l,n.d  to th. rt,• „r, cOTtinuo.t  fro» th.- «*-«v ».»r»*.. 

(É)  IMoUlniT out  Inofftei-nt woi'kj, 
,..,...•i»*rtu,u.dB, roÛ»tr..- th.- ..,.- ..   -¡. «1..- *...«•«' 

U, „,.,'.'«0.    in  1-«  »• T  ,U.   »„.>,« *c«  «.,1.  *  H. «>»«•   » 
.,.   4t.llfr  .,.,.i..-   -,,r  r-,   r.rtd;iy  ni'*'"  out, 

mon-   Ihnn   :ju.r  a  l'ew vmrkf-,   i.i,.fi u-i^t  — .  

„it.i.-iL   rnuirinr  nnlrnmr.     i-.,*   «M«'!^'   -""•*  " '" '   *' 

r.u."i t r  of wo: kr . 

I!    i.-   ¡O'-riií    i"i'-'* =• 

ceri:. l'I'T'il iv    î il-  H*   t : 

.1  I'" : . 01,   nr" 

'   l :      :$'•*• 

,      f i.t:     • i»l- 
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r-Kinui';ict.urinf   l<v..-.l    'i.':,    ti"    3 ov:   ir;h<,-r<nt   n.-} i -t" J 1 i ! V '   r !'   the   ."ini ruñen t 

involved   or   to   poor  'n-riv, tenari :o . 

-- lio l'en neo  -~ 

•¡«ho   lovol   of  ..•nuirment  mnnu far turi n -  or   thtì  ¿jnpropriatenor.B  of »oint- 

nancc »my  be   learnt  by   ini <?r";i¡r   the   fni "luron   on   tho  a.-.Hitmotion  thflt 

provont ivo  mn ¡ nt<- nnnce  vere   not,   furnish-  !. 

(7) Mftkinc: ov«ir, .tJic..niainU\n;.noc\ wcjrk ,»c v^:n  and  formulât 1er 
of   Improvwment pi *nr> ^f or , Inof f lcient workt; 

r'ropi  rUt:   (0),   it.   JE   evident   LhM   work¡,  Nor,.0102 f.ntl  OP01   need 

improvement.     Thx<  fir. t   r.i. ¿.».»ri!   to ho   ïaki-ri  ir.   to dolor-nino   the  direction 

in which  their inprovonent Mv.uld be  ;. t uHi-d.    '¡'Mr. .iiroction mu;-t haw« 

been determined it; /top ^i), which  hovover  beo boon onittud  xn UììB 

BXiimpltf.     Nov*,   Jet tir.  eonuLricr   that   improvement  i:   directed     toward 

further reduction of fiiiluro.    Therefm-r,   the improvement work will be 

otnrted i/ith *  tochnic-il  approach,  proir" throurh work dersifrn and ftirthor 

to preparation  of an improvement v'iar.    Ac dr-cribud before,   thie paper 

doot; riot rotor to tho  tt<ehnicnl   nnd  fi rid «.-»intonane«  .job approach«!!,  BO 

it 1;, fir.f.umcd boro th*t   U:o;;o ai^roncher. and  pre pirati on of an í «provea*»! 

pi on  hiivc   nlruady beer:   compi otod. 

Vho iiiprovprn«nt plnnr. thur. forraulnled (thourth only one har, f.o far 

buon workofi oui for oat h nrobjoirrii ic w»-rVO ore nhown in Tabic 7. With 

i-ueh improvement  vlnnr, bvinp formilotcd  for  inefficient work*,  CD vitlues | 

art:  improved evidently .-.;;  can bo PPBII  fren Table V.    i*ut win.ther thef-e j 

Plnnr arc  odrplnblt:  or  not  i.; unknown until   the  iu»xt   rlep.     At  any rute, J 

It,  in do.si rabio  that   i.l:o '^ va]u«. nw.     no improved with  tre inprovc-iont |: 
I' 

p3.*ini:. ¿ 

«?.l» îïKLECfl«»   OV  HAlNYMIJNClí WÍH'K 

(<•')  r»ol..rmin.T"on   cf   •• "11.:   'i<¡;,     .'t.r •,;.-.'•    ^i^c^i^i 

hi. Mlor "in it • ' r.   ••!    ••»•.    .-t   ''.Mi-ii'«:   t-.-: weoi    the   ütrii.&t   ¡If*' u«   of 
Î 

i:cnjiO .i:-.iitlon   nod  r:.i : » -.: : Mi "m ,     .'.-r •• r., ! 1 y ,   1 • «r   rond i ttorr.  .'*re   rnni.lderv.l m 

for  oe action   •-.   rt-v-n   ;:.  '   -v it   •:•.     "V;   fì-n.. Mm.   '•  or '1   ir.   UMi-iHy ennJoy- 

u<i,   with   the   forte,   •..-in'-   tr     »i-.iv   -• î;.J \ t :.or.   -ironMhii    it?   fi'«.-.c   t»..- r'etor- 

ÎH.Ï.M ¡ on   .»•/   '«   1..1- •   t   i.    :r. ï     m "it*  ^ .'   'h'    r -ti ti í .-ni!-« -'.*  divi: »..n  1t«.-lf. 

•;}.t'   Mr- -i. '. .»:•    i¡.   ••   '   •'• .•••'•     '-l-'f.    v M   ii:-i:-.'    .   '•••:'   r; • f 

I 
Ï 
I 



î.       I      lKr'Z   Hun 

3 f 

r*rm.lí.í,i.h.lt« 

'««s  than" 

tot.il loro taunt b« minimu^l ec«wwile«l 
-—• '    ........  j ""ti ntetmnce 

«ort, .»..t.«,, jn tlw ..„„, **>« 6 *' «"« » . «««m«, ,„ 
«« «" t* i*»r.v.•t w„ „, " ' "*"PU' -*• "« "" b. CM«, 
•««If 3 or t.   lt „,tl t0 „„ f    2 ""•    °" *"• <">>°- W., with th. 

tfce« nurau b. ndoDtcd. t** "«•»"<. »r »oth «f 

<»» StosiaUsajUieiiBMLiiH. 
">«" «y or ih, co^ni• i,7"0. , ,„   , 

•»i«»«. ,»„, lK nr • - •   » i« ««• « . «.„„m« ror MOrt 

*'««..,   h«.,.,,  mint „ *    e"Ul*   ""' b»<"«««•  W    The« „„. 
I» »M» .«.m,. lH[, ,l(.„ .,.:'" ""•iMd Ui,h >««-W.r.ll«. ror U. bl »' ''J-u  ti,   omtttvf}. 
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*•     'a   M.-í   c^,,   --    ,K„  -.,-.,...,   ' '   """ ':''"'  "''   '•"'••?   v<'^  ,n   .v-:ÎJl0 

""v   i;,:-"<!l'»-   -orr-   |    .   >„„...,    ,4    _   ...^  , «   «•      ..r   a:.   the   ran* v.-.J^.f: 

! U-'°    -<>    .l.J^p;     t\„     1,......,    „     , -'£t>. 
WHO!.    ,.»i     fM;l-l-.v, !M'    nij,     . 

'••"<   ''Í.CM1UAI, loll«'? 
To „frort „ h.tt., „„j^tom,,,,, ,r lh„ „,„ 

"••latiornhtp bclwo,, »„,„!,,,„,„ „„'.     ' ""' «0»«i«l point,  th. 
le plotted wit» , »„„, 0„rv,'       *"' ""* "0"" "'»»• *».!».- in Î.M. , 

"•»« —1.   ...„  ,m„,a '       '.,.;'"  """"'  in "-  ».    In   tM. B0t»te- 

•. a. Mww^ t„ t«1,: •;:,,: -5,ooü *•> «- -~ «-. ». 

i-i"' 11. e .-.n,l ,, 1Mleat„ dt.,        J * *" "" "'«J f'f«.«. point, .„n, 

"•"* "oi" ••"•- * „c, „„tu;!:,,;:;:"; c",n - "~ « 

'«-1  1«*  ««.,.. ,r,.   „,„ ,.Jot        • '   ,h; •"»*   —i"l   W.l.   „,,.ra) 

«It Ur„„M(,wn  1„,.„r¡)í     ,„rori tMo    (       '«M-  ocrr^p. ,rtlBr to „„.„j 

bp.iil.dw,  1„B0  „f t „„„i-.,,.        '"r'  lt  "'" "" !"'in  '"••"  f th« unit 

»o«t .eonomiea!  „....if.ton,,,,..   . ' '^ "llMo" *«" w  hourt   the 

•A or ,u th- i-iprov,.)  „)M   ,,      ..   ,      '      ttt  tbe Pr*owt «nlnten.,nee point 

'» «-5 .ililrn   r,n  nPr   hour, '^^ \[   ^  ^   *"-**«»»  >«-,   ..   cl»B(t.. 

«o-lcnl «.intense  point. * Hd0t'i,iJ   ,0r  th«  **«* •«- 

«'»«•"     i'«  -ir.iW point  of   u,.,^   r£   .     , 

-  H  ... 
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0.P5. *.t A'.» n.t « .«»«ci f. tn. «,t «»«•..! <^""    *".- 

.«.UT. V1P.19.» «1» — it i» «o,,, to ar» thin fir.«. £ 
„.«, b* «n.d for M» *.t,r-n.tl« or th. m«. «untenan« «11«. 

I. ri*.», ti« »ai»wane «-.«i.» roi»" arc rintM on a U-=h«»t «I 

„vaiuaUo,,  of .1«. »1.1..-M.« ««.It, b«.i. en  U,o  »]«.  Í c..n .loo 

don. cl.arl,. ,.)(,.J1Uo« ren •r ho>.r>.   to u*e ftXrtltt« For example, when a an r.-ip^aliion yen 

„.. hour)  « » «1».  of «  I.  *-«,..  .... ««»«.«"• .».r-U*»«- 
Il lu B]r.o obi-orvu-d  that, when *  ^   0.6  ai«u  3.0,  tl<   .-o..*. 

•   »     A     r     .M  «A4,.i     <      ) rtn•rtivrlv.    I)r;iwin/; a equal * polntn or« points A,  l> *nd point- ..,  J tti.. 
i     *    .   "^  i     th* vr. '.uo of a and (root:, total looii  Viro whjMi  corn-.non-ir*  t.,    ..5 •*<    •* v 

lhrw„ „oint .. of  *  ,,:-<  «t..,.  nurr«-»« — ».   H  »- *  *-•«• 

00  that  n.i,.  «.   h.   ir  "»-   ««•   ^'  *  "<   '»'^ "<'",   ""     " 

i»... .-.»..,•,  «•<»» >«» " « •"••"•' -•««•"•••• ••; '•-; *;  :,, 
v.-,lue  of  I»,   *'   can  nl-o t>c  »»I . ..rv.-o   that,   «omp^im.   I.  PO 

1)   Ho  or.   th..«  unie  UV..M: *   »^   Lota:   ¡rw.  ;.-•   -i:!cr. Mi;i.-rt. 

nnnci. r.orti-1  will  n   f.T.i.li'•-      '• ^'•   '•«    ',J ••  ^!   • 

river.  !'""'! i1   •'«••   ' tu-'  "   ¿••''••"•^",',:,    '!'<''      ^   ' 

nrl .(•ti C   !•• '  •> Î'UJ 
I   ' ;-'.      h 



it   Moon   not   nenn   r-.v     rul.      rflrt„ .„..,   , 

furthor r.dUcUon  in  r.h, up ,,itic ,,,   n                          '                      ^ °f 

fh              , ti,)n   ^'-Pic-ten   t:h-..   ()i,.,rirure frr 
th.;   nucí  econn,.ica3   r..-iiv ^-„.m Ur£" *or 

«.«.;•(>   Mfcintimnnre clears Pointa 
piotimi  on  li»ch;irt 



T 
f. 

M-'ii !'r;.Ho:'tc;,l MA ii;>'4;.,>!>, 

TI..   •.,,•   -.ri/ '..-". ït-ft   T<-   the maint«- 

nance  m. •*• .!'»»   : :    ,C:   *-f ••' '  -r' 

"ehc""!-hJJi..--"of1•''t.-«.«<- "•••• í«"»•••'••' ««"' '"•"""" "•*"lr1'"- 
„nr.«,r.-.«U,   '.«   ... -,,,„,lc,:  .t,,i-,1»t.    T*. prl».*»* «"«  •» «— 

;jrc    it*   foi't«-* •••• 

T^m-.t bo tok,n U,ot J«u. ,.CT,;.H,.7 .»»/ .-.»-Iio-r« aliouM ».   - 

i.^1,..* on .„ M»<if.c '•>— *••»•    • "' ' »'--1;"" " " 
«*. .0  U„t   U. ..LI .«-ucur   for  ^ r.fc.1.1«- <•»  » *•«»•*• «W1« 

l.cv.lUr'K of Mlntnnp»« ««r«H'H*ii» 
~• ,o,.t  1.0 ». «p.*.* »u6i  .0 „««ffd  for a 1.* ,.*»< 

„t .i... „,icn «nu»Uy i. *« 5 to 5 y— ^»—*« « "" ^'^ 

«,,,l,,..l« or roMirr rc.uirin,-  » br ««.»I  •» «i»-.—« »'*'»' 
*  *  -«,      TTM<-    f   dcft'icult   to reni: »e the  n-rac  yoar  or  t'ic  «-ww M-o^t  Ur«.     Tb*L.  .... del lie« 

without  ft careful!y  rorrttUtud   •ainf-.-nu. .-c d«- iff-, t 

In «ddit-Jo.:,   sverai correrti«,:- r,.*t ta« mud, when  tbe l*v«l of 

Jt       v       ...      WW  ii.-c.iP  rorfctior-,  when   the rate of operation .ictivity ehonrer..    What m-c-ii.  ^oir *- fcM,|. 
' 1U,  .h(l   .-,, -vele    an;J f=cc,no-iic-lïy  f-e unit break- ohanrer.,  art*   U-rmiicaJiy   -he   . >•••  -.Vele   an 

-»       .   -"«Mi. it IT       'i-M--,   ««  »  *.'^,r  «i   «carnf.   nveeciiii".'.  •«••'»• down Joi;u i .vieiikit-ii-r..     M...-, 

,...,a;,,  tlf  H.„ „„.^».0 --•"-    »>««*. •"'", » p5'-",""<'   '* '"" n0t 

propre»* i.»  ciur.t^u-u,   I».« r.'-....i!«Jo  ^'1- »*   «^•, 

,,•.,-„,   i ••   v.-u.-rf t-Mr.*  iMH.nr   ">y   -1^  l«tP   '":ClUe 

•"       " . ,     .,   .•        1(.,     T..  .:.M».r  -i.«  A cot,:.itì.'rably 

! ,'ii' •)•  -r «-ii.''   "i lì'- "      '•' ' 

;illJ'.i     .«.ini.l-   ' * 'V,    i ' 

I J l . l     i * V   11 \ r.on.v   ; t •*•••! r-.i,,..   to : '»eh in* flor- 

..    ..„,   ..•:    ' i :' :..    tj.i; 



WÌ1CÌ'<   pi.n i n •. Ti •"-,'•'•   ••,-,- i » ,. i ,   - •     . 
•      •    • •    •     i    1-     ••  Vf   :-¡:.U,t„-»,.,.,,   „r,  irn.    , ,,k|   bl.   ,.,.„- : ,._.  ,„,; 

-t „.  furth« uiBU„.iü¡0„ ,, :i   „„   „lv,,,   „..^  ,i;    (o  „..!uiluluii._         

.        'I«     «Or.;,,      ,.|,U;     ¡ „;,,,. ],t,d      ;..     ,.,)„.^.„^     ,:,._, i..       .ii:i      ,rc.    .v(i„      .        (      . 

U  «., fnil„r,  kao BO,  „«„.„„  „,.c   .heefed.     ,  s,pH0B1>. .c <;orfci   if nn- 

•Vito*   m.t;   ttJ „ct:.,,,;   fu..'til„ «„Kfwatio., „,  i,prr.vene„t   of   lh„       ' 

.«». centro!  «,,3,,.  e:forta ,.l5n[ed  to „ „„,,„ „.„^^ ^^ 

continuée.    Suc'i ñ priori' V--OM r-f-,, i  ,„..;, i _ 

author an  "proirraiBMud mairi leñan co". 

£.r   IN'i-iìMMl-U*! C/ ¿.CONCEAL ?1A INTANO tí 

Tab]« 9 show*  the extent  to b„ aimed  „t end th« „trpn to be follow^ 

in Mtrodu.-inr this new ,ainte,anc, apprcneh m.thod,   that is,  aainten.nc 
«eal«n.     >iM „aiutane*  conlrcl  level8 Af  u arid C|   eho.m   ,n tiie 

my be considered ao Independent „,inte„a„cc ,Vßttn:  that depersd ^  ^ 
kind of bu«!».«,  thv  i0Rrec of   ;,,uipment n(llflUnanro rpqu.redf  the eaec 

with which equipment on« be aaintained,  and  the lJk..    They «ay aino b. 

cardad «. indicating the prceoso 6f introduction of economical „.inte- 
nonce. 

It doon not ew );eceneary ofc an that al]  eBtepprloef| 6h;uld mnintii.n 

level t.    l=ol I record all .nt.-n.ri«,.«-  to ar.ter «ctu,ì  «.intonane 

«•««Iti. i«  the work  table.    Kv,n  tlu,, «l.*pl.  Job only wlll produce a 
oonaideriibïy /iront  n.ivanlnfï«. m 

*»v 



in  rvrn.  of   •irocciurr.s  that, mipht be 

t!,„e„  for «.inu«.,nce  d. ...     .   • ^^^   uttu r„f„rencc  „„, 
.e»«U. or „i.t«n.r.  ,.-     •   • •     ^ ^ ^^„^   r,;lintcn!1„co 
„„„„ »do  to t..h,..«M  ."•'  '"      • _• taï< rl„B eoB.ldtrrt„ 

wort *«*..  .nd «ht*«..»'.    '"•'   •       " MinU„„„co „X.nrinrr and  th. 
,0^1«)  *l,«....i«r »  to th. »cono» ...    f »i. 
direction «o b* foU«* *, «*.-»* «l.U,-«- 
„1U.ÍM from the rend«.- In r,n,r,l . ^ ^ 

n«U*. ut » odd th... -l.i«.«« J» »"^      Cerror,tion in 

,„.u„t ««»., * t- *"»* *"*' °r MPPW ""' 
accordance with this theory. 

_ £U¡ 



Table  9    UiVKL OF CONTHöL GÏSTEM 
IN MAINraNAKCE FLÂNHIKG 

O 3eln,t Tier forme i 
O üeeirable 
X Unriestrable 

Itom 
Content-   of control 

Haint.    j 
control i 

-i£2fi 

1# 211*11 r#C?fd<iZ4"0 U•> for ••eh aquip- «gnt_*re collactad «na arranwd. R    P 

?. pliure racorde <*and WPTR) for aach 
work ara conectad and_arraBff,H int. 

3. Failure racorde (Jand'MTTR) for aaeh 
JtSS^H^L ÇOll«ct««|_*nd arraniçad 
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o 

r 

»l*I> °V0t mlyA* but •*•©*' ( the faîïT 
•hutaoij») andV(tha fraatt.«ay of^»ììit 
action? ara eollacto^undwraasadr g "-"*w" «re cometed and arraaffcd. 

J  m  5. Fallara racorda ara'kapt in warn or book». 
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uí!t'.!rVíCOr',e  ÍB,M-"«>«r, coat, requiroí 
ÍS« SÍ3,*?! "aîftt- WOrker8> for •••» .--^^^J^J^^ted and arrancad. 
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10* 52* «EÏ/T"Î°<«*n~h•r> co¡t, roquiraT tl«a, «atarial and maint, werkere) for aach 

j0* »5« 5g,^yted_atid arranged. 

L1-^l*tp!írk"rtoari"ir"ri *rrwi,wd aBd totaii»d 

o 
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o 

u 

i£lJ5L0ÍL1Í25?J^J^ opaci fiad. 
H* «orîalïtS ?" "lcu1^ «d probîamnUc  "?,k¿í_e_ni1 b° pick ad o. t. 
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— Ilo** t? Detain K&lntcnflr»<.« WorK 

•.»1 AHI C»  ¡MìI*4
,
Iì.„,.J.JE 1>ïï<»IC2Ï 

ïhe ein ôf équipant i,; linterancs ir», plain?v tpc:.-hi *:,;   to y.reo:.': 

the oecmvence of fe'.lurea.    Aeeerdlr ~Ty, if tho cauri©* t" feilurp» c.-ì 

la wfcot portionn or at wtiich cor.noncnts of équipant they occur ware 

lowín, it voulu »>e pi*j3iblu îi provici« n e.^tcbl« min tenone e at on 

cpprc-rvinle tir...- ärd in the r.oot effiíiünl no m: er.    ÎI?c alia of M.iinLo-. 

nones Ooai-a HOT ^I thio very pa;nt.    To te r.ore p.-tclc«,  unintemne« 

¿eei/m hao  tw« Inpcrtant functions;  0*10 ia to r-ffcT n nciti tenace aetiert 

whsro it is ñc-c'ed and efc an r;:;,rev*lot» time; nnd  the othor ia to per- 

fora cuci» aotloi ufficienti?, 

• oda;'t  focilitss in ev«»ry inJur.try ar« be ir ; enlarged for ir/previr^ 

productivlty and autctfaíed for eavin/» lnbrr.    ïhiô tendency apnearu t'» 

Iseoa» moro and nor« r.tieostd in t!.o future.    Under thu;e círcumf»t.a,icc¡r»t 

failure?- of eqt'ipctante «re inflicting inoreaein^ly greater ao.npae on on 

enterprJsoe, nnd  the types of failure« »re becoming mere and more varied 

and coop! in ted. 

Therefore, th« mainte: r.rice division of each cntorprine iu expected 

to reduce the failures to the minium*, und to keep equipment« in a high- 

ly reliable condition.    This ncceaciatcs an increasing amount of techni- 

cal studies.    At  the name tine, the planning nnù improvement of the 

vaintenrnce work muat bo nado  to prevent  the increase of the maintenance 

cost due to the hißii lev*!  or the maintenance work nnd  to the inerear,« 

of labor cost. 

•m    1     o 



TLo cconr:-.i.c-.  c'f r"\iitfn,'Ugij  r'.cnr:-   '. o y reharé  the  reliavility of 

Cf'-Jinwuntr. wii.îi  1.". e  ¡nui ato.  .na cart.     li.  other werde,   it may'be 

o>;,..-cur-füA di.ri'-r» ..t'.ty  .tr   t.! •-   purcli;-?..   >: Í   ii/aUnbiJity   or M Hi F   (Menn Timo 

l-i> tunen Fail :!••'.•.-.;  wjt.ii   tV.j  ;•-.-. 1 • I -n   i-.r     0;-»..     P'rom  thir.  it   followe   that 

n  Kfr.i]  «..-Li n'•?•!. )•!'.••.•   '.:;   in   pnr •..     ¡ .   V.riv/   iv«-il/ibility   or MTW with  lower 

mil'n Lunar c«.-  <:«j»;l.     in   Lh    ùtÌL.-  l..-.ri'i,   -ìììIOìì  *::ain tona:.m  may be» defined 

to control   tl.c  ,!PV;I   t i.-..<j  oj'  COMí ../lent.--, WJ.MI  tho rtirontonnr.ee   cost,   It  is 

ficcerfliiry to cor.Tir,:  fail-jrcn within  ft-ic rhortor flown  time at thu  lower 

CO!.t, 

1.2    fÎAjK'fESAÎXÏÏ íUWINu 

Fir.l ohowp ¿i circi« of r:alnLenn;v:íí control. Ac Ji:ncribed before, 

0.iint.;nnitce «lu:;in* i'« liarte for liigh reliability nnd low Bìaintcìinnce coct. 

For ran in tinnisce durian, L1 in not >úi.)Uf>,h to 6lr»ij>ly connider how to pre- 

vent tho fnilureo of cor.ipoti'jnte 'Hat fRakt op the equipment, but it muet 

aifto be taken into accomt hew efficiently the field maintenance ,1ob iv 

to bo »orforced. 

Check 

action 
Hi *» 

MAIMIANABCIî;  TMNÍNING 

ni«h 
Reliability 

Technical 
Approach 

Lor 
Maint. Cost 
 |r • 

Field Job 
Approach 

r Minimum 
—Sü£t J 

Kaintrnnnce 
Work behir.n 

MAINTENANCE DESIGN. 

C SCHEDULING 
Do 

Vi<'.l    Cirait* «-•'' -.' "f ¡.(¿ri.iiiiîe contre! 
ir i'o/.t-.'f.iPOií inn e-,- ; 

- ,•> « 



Comequ-ìntly,   the  approacii   Lo maintenance   der.i^n io  made   from both 

the  technical  and   the  field  -mir» tenure e   job eidee.     A method  of mainte- 

nance de-iirn dealing with  the effective  oomMnation  of  the  technique  and 

the  field  maintenance   job  i -  e. peci fj ce liy  deei^natuc:   by  the author HE 

"MainUnam.* Worl; Daum",     fr.  tritt,  pape", no reference will  be made   to 

U. 

Concretely,  «aintenanco deci^n in mode r.o that  the total coot 

pertain ¡tir to main Lemme e becoraon minimised,  or so that a tfiven condi- 

tion — for cxB-iple,  ,; condition   th.it  the main tenant e-  cent and  the down 

time mur-.t  be  reduced   'o bolov c^rtflin  valuee —  in satisfied.    The 

above-mentioned   tt.¡a.l  co¡;t  pertaining te maintenance  i« tho cum of the 

maintenance cc-.t  and  the down  timo ìOBS.     Kven in casce where given condi- 

tion« are difficult   to be euUrfied, maintenance derißn can  indiente 

whore üueh dii'ficujtie::  exist «nd what iraprovinr men&uree art to be  taken 

in  the  future.    iWiiritenance denim con bo divided into following items: 

Ketiib] i¡ h'iont  of "Haintrnance Work" 
(."election  of "maintenance work) 

Pociaion of "Piolo Maintenance Job" 
iContüMiu -riitì' cycle) 

''valuation  of work  recultu 
(Vortcniit  of   fui 1 ure) 

KotiiiUtt uin  o7 ••laintonantrc   cor.t 

The  final  '<to¿> of* mint'rvM cv- piinninp io  to l.-y out n schedule  for 

putting  the  der.if-ri' Ù  ma i rtonnnee  work  into practice.     Tho schedule suet 

bo  prepared with consideration for the nmeott in* of necessary maintenance 

mnn-houra  for each day or  foi   each nhutdown-da:',  th* pattern of mainte- 

nance (rtnintennnco   time,  rtrrancement of cranes,  etc.).   the correction in 

accordance wiln  the 1< vd of operation,  and  the nmeothinr: of maintenance 

expenditure  over a Ion;* period  of  time. 

After  chi.-cl ini* if  the Maintenance  plan'thua prepared  in bernp put 

into practico r.r\ scheduled,  corrective  or improving actionr. wil3 be taken 

nortina t  it,   if i»«!Ce;;;¡ary.     liy  repeating  thic maintenance  controJ   cycle, 

• ttcpipti;  are  made   for fceurim: he L t^r mni ntcriance.    Such n  priority 

main It nunc e   i..v/-.t,;ni ir, de;.Urm I. »ri   by  the   author  at* "Pror,r*mmed  Mainte- 

nance". 



Thin   paper  p-ci-'.-ntx  on outline   ol'   preced-iron  that  might be  taken 
, ,4   1   -.-Mri-l-ir r-nh-irin  en  the  «conoraicr*  of for »n in tc.rar.ee  dc^lfçn,   w.ul. tV' .LcuJ.tr rprun.i, 

ri-intenonce planning. 

;;.   K' rW:r. r./.UM'Ï.A-'l-TCB 

2.1 FAILOHE WATE Ut'  EQUIPANT 
A production Une consists of on nimbly of e^i^wto.  «neh of 

«Met coprir,,* . — <* conronentc.    r«w on« of such compienti, will 

*    b. tiko. fcr 8o adaption.    Aocu.ili.ir Urn*  tW.s component failed with 

th. frenulo* fi duri«* « conaldcrabl» lour oration  time Tt Of t» 

«.«ipwnt.   the  fulJure raUAi of the s«poiiii.t is «prooned .r. f^i- 

<*» «cV*dC.l   * fio  fallu« rstc  Indiente th, Moo,, ?Ue B.tw«. 

4        Therefore,  the-  failur* min A« and ibu ¡Man  ti«, botwoi. fnitor« 

;-W« for the «nil» producilo« li'e cerasti»* cf o «««ber of auch «o*- 

ponti t'   »re: 

A, * h   A« WBFe * •— i2) 

c« the- other huno,  the etmul.aiv« r.-.ilwrc attribution Fit) for th« 

operation time  t el'  t*o.r. lili« ?» pyo-ian.J -Ji>   «.-«••*>* aï?. 

ur.tn* the  foïlowitiR PxnonenMnl  fut cl inn: 

,/(t)  s    1 - <*~A*1 (>y 

K, ;.;•  r.ho.ir.   t h"   ounulilivo   i-.jl.uro Ui.Mlribution  of  n  cortni.. roll- 

IT.-   mill   |iï-inl.   i" 'ii-icii  ti,o   perni   • = *   "-•••   P« p c •••l 

of   the   plant. 
rt.ir   -.ciir.:-   tiv.l   tlu.   Mlur-  r,t,A» cf  IK-   flnli.'t  lino can be  con- 
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<mt« r.f.   'if  control 

17»  Ferocor»*.  m'   ;\ , ìurv     ...   Jt   -.ri ,   t'.-.bìip:    ,e|.an<' 
inff on  intuition, with efforts Xor satorial- 
iriiJF Bash for«*««**  being exerted . 

lb. Forecast  of  failure  een be done baead on a 
considerable  ietrem  of technical  reacsonlitp, 
with* dffort»  for iRAteriflliKln? .¿uch forecast 
bain?; exertfil. 

19» Failure   forecast can be done based on quanti» 
fative incoo <*t ion.  statistic analyait,   foro- 
caet fro« A' &nd *"  ,  checklnr of deeign data. 
confirmation teat,  UOM lift teat,  ate. 

20. Kquipnort of staple cone true ti on can bo 
improved. 

21. Kcuivment ci.n bo dc-aipu-d or i«pre»eá. 

itiint. 

0 

GO 

O 

2?.  "M int.  wcrV"  are classified according to 
•ach cevice JLU equi patea t. 

u 
o 
» 

o 

23» 

24. 

^lilnt. work" an classified under cooeeptior. 
thnt    they practically aro identical with 
eornponant eerier.    liwt nr eeerhcml flow chart 
to prepared,  oven for ee»plex equipment. 

"lUunt. vork" are classified firatly »y 
clarifying their cexponent seriea, with an 
overhaul  flow chart  beinff prepared for complex 
equipment. 

¿6. 

27. 

••Maint,   joba''  are no* definitely determined. 
-   •  ^ «-, ,.? «| ...#< .Ç   y fifi wDffil-:   "UAUI •». .I^tr 

!,,;nint.   ^ebfi" are ùeteratineù, with overhaul 
ani .ineriteti f**-- fr«  <•*«•••:« or«r>ar©ri for CMP- 
1»x equ-ioaunt. 

o o 

o o o 

: ? * 

38. 

?9. 

No eetinatlon  san be den e about new ,1©bf  ías 
to coat,  nor.-hour,   roovlrcd tiae ami 
m.iterial). .'.'.-> job determinatici; ir. t-asod  on 
actual   perfc*r<Mitce  requite. 

Kotimatior» can be done about new job«  (nc to 
coet,  man-hour,  required  tiae end ante rial)* 

50. 

M. 

«JuRt ore inprcveaent  plan  can bo prepared 
win.:', ii..proviri£ íI problematic v#orx. 

'-.V-, or  : •-»•«•   i   , rovi-r.imt  rl;.r.a cni* ht-  r»rep«irert 
w!,.r;  irao-ovr.r c   nrcboemaMc work. 
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3». tfgrfc r,«l«ctl<m 4^ ««on*.        _ 

** 2*:Lfcr#ftk***» '•«• l*r taw te Mt *«*»i¡X 

,7' ^tSíllL'ÍL**' Ï"" "*•' «^«•«~î« ««tan f#f. HO«* *«%iPÄ#Ät, uu> wwi mmt 

«wit, tu* »^«rt «^ •• ^« t# atlrtTtC {Ol 

«S££?um~ "• *'** ^ ¿S» |o{oo, 

• ïôl 

%%»  «*«vt iO p»*- at«t  «ff   il» ^|: 
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