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uaRrt(tlt~TION OF COMPUTERISED MANAGED MAINTENAm:£ 
SYS'tEM IN DEVELOPING COUNTRY (CASF. STUDY OF nm11.) 

Over the p.1:.t 3 dacades o{ StC?el Plant Oper&ltion. R~lllrkela 

Steel Plant (RSP) undel:" Steel Authr;,rily of lndla Limited 

(SAIL) ha~ evclved a systematic approach towards the ~ain-

tenance of Steel Plaut equipment and facilities. Jt h.:is 

been a lomJ joun1«'y fro11 the• time wh,·n <:•:rn!t111 t~d1rd•:rtl r-·~

rsonrael w•--ti.> availilble to quide and help in desiqnfrq the 

suitahl~ :;r:1l~• anti •ethnd!l to the pre!U?nt r],,,_-~•JP \.:h,·n R~P 

Pngine~r~ .11 •~ on th~ir own to develop th~ aaost ach.·;:tr1c.ied c-:·

tu••"I·'· - ··.·mp~•t.cr· pt,·unqr•rl Maintenoln··~ Systr-m. P.·.•:r~r-J.1 St

~··~• l'l.i11l ;1:i fll"J•."l i:u .. •d llo\I i:1 nol ""'Y a well d:'1:·1:•·1·-hl':'I 

dn~ • rt1·1~ cut pc~~~dure uriented syst~~ ~ut als~ ~ time 

te~te•J orua. Jn fact when a UNll>O team came here ('.;O a fact 

finding 11i.s~ion f<:.'r a possible transfer of Jmowho':.1 -:,( Co:.iir·

putel:" b'1~ed system, it found Rourkela to be the ~~st amon1 

SAIL Plant~ as re9ard maintenance ~ystem. Consequently 

Rourkela ccmld win the coveted UNDP/UNIDO financial assis~

auce am;"tunling to US $ : million fol:" Col'lputel:"isatir.n cf 

Mainten~n~P system. This paper studies in depth the pre

~':rtl syst t !" ;Js practised l°'y Rourke la and suggest further 

imprc\.',...w:rnt tht om.Jh cl'.'mputer is'1t iou. 

2.0 INPUTS OF THE PROJECT. 

There i:J a mmr a~r.i.stance of US$ J.or, aaillion s1Jt.1j<-':'t t' ... 

the confirmation ,·.f Govt. of India input through SAIL ct 
Rs. 90, 00, O(JO I - j n k i nrJ • 

The det~ils of ONUP/UNldO inputs includes the follo~in~: 

- Pr<"vidin~J t1J1.ern;1t.ional cxpar.t:; 

- J'r ;.•vi.firhJ h.ltc1warc ( iinpt.•rl •·rJ cr•rnpi:-Hwnts) 

- Study tour & tr:ainir19 abroad • 

. . . . . . . . . . . I-
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1·1.e •h:tails of r; •• vt. ~·f Jndi..i inputs includP. the following: 

Provi•llr1q Natinn.aJ manpower for deveJop•ent of 

Cc•mpul er Managed Mai nten0tnce Sy st em. 

T1~inin9 'study tour within Jndi4. 

- Office 5 Transport facilities. 
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~-':-:. OY!RYIEll OF THE PRINCIPLES OP RAINTENANCE IN 
··aouRKILA STEEL PLANT, STEEL AUTHORITY OF INDIA LIMITED 

..... 
l.O ORGANISATION 

Th.; prl•ary function of the •~intenance organisation is to 

•alntaln costly plant equipaent and facilities. To carry 

out this function, expertise in v.irious fields are required 

These are broadly classi!ied as follows:-

- Maintenance s~rvices attac~ed to the pr~duction 

centre. 

Utility servic~s like ~ater, steam, oxygen ' po

wer etc. 

- Field servic~ ~~i~h pr~vides addi~iona~ ~a~pc•~r. 

Facilities like ear:hraoving equipment, cranes, 

Dumpers, Trucr.s etc. 

Staff services like material plar.nin:, ~ainter.a~ce 

planning, d~s~;n e:c. 

F~rt~er maintenance crganisa:ion is also devide5 i~tc :e=-

hnical disciplines li~~ ~ec~a~ical, Eleccrical. ;epair Shop, 

Pc~er generation and :esig~ and ?roje~t ander f~n~t!~n3l 

~. 0 CENTRALISED ~:AI,;TEN.;!'\::: t:NDER nm.:'i'ICN~L iiE~D. 

WhilP. the centralised ~ain:enance c~ncep~ is f:;ctisec at 

RSP, the depart~ents have sufficient flexibili:y a~d free

d,~ to carry cut thei: d~y-today maintena~ce ac~ivitie~. 

Ce~Lain functi~ns lik~ ind~nt cc~:~ol, s~utdo~;. :-!~r.ni~g, 

rri:.1i:it•m.1ncl"' m~r:it~ri:~-~. f:t!lure anal:·2is, sh~p ;:-l.i='!nin.~ 

~re controlled from Centr3l level. ~ince seve~3l re~~it 

Sht'ps exist alon9wi t~ Captive foundry (both fer:-:-.::3 .rn.i 

n·.~r.-f··rr:>u~}, th~ t•L\::nbi.: :;t ;"Iv;- !.:," !i··,,, L, .~ .... ·. !--.· .t 

:Hr:;l'-' "'1J<·ni:y. M.1t>•r1.'1 pl.u•11jn·; .\.·tp:t~1-:.:: .. 1;·· 1:.z~:.:t1"S 

by the dept., acrutinised and control by Centr~l ~9ency, 

wh~ incidentally control the bud~ct also and ar~ supportAd 

by Store ~nd Purchdao d t c · 1 R · i · upAr ment3. ap1ta cpa1r act v1t-
• ........ .'--
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l•• and ahutdovn plannln9 are co-ordinated by a central 

agency. Pallure analysla, delay analysis, •alntenance •on

ltoring ls carried out by a specialised agency. 

3.0 OIPART"ENTAL RAINTENANCE. 

The depart•ent is headed by Su~t./ftanager vho is assis

ted by a Planning cell, Repair group and Shift co-ordin

ation group. Tbe Planning group initiate the maintenance 

planning and aaterial planning activities. The Shift co

ordination group execute the job. The Repair ~~oup assist 

Shift group in making sub-assemblies and assemblies ready 

tc be replaced in snutdown. When extra manpcwer is r.~eded 

they _request depart~ents like Re9air and :cr;s~ructi~~ {RC

Mi who meet the demands of various departmen~s as ~ell as 

Capital Repair OrJanisation( CROj who mainly hel? l~ ~a

pi tal Repair activities throug~ sub-contracting. The Plan

ning cell taKes care of material, specifically spares cnly 

required f~r_ that de?t. Repeat parts required cy k.=~e 

than or.e Dept. are centrally procured. Stock items =~d 

General Stores are procured by Stock ccntrol dept. ~~der 

Store orgar.isaticn. Repair reGuest are directed t~ ~~e 

C3-p~ive-shcps and receive back by the depat't~en~ af-:er r~

pair /m~n· .f ac:ure. Fer er:iergency, macerial require::ent 

cf small value , the department directly pr~c~re. .-. .... --- - ~.s-

rryout these different functior.s various subsyste~s are 

evolved which are briefly described below. 

4.0 C~TALOGUING ' EQUIPMENT ciASSIFICATiorf 

To identify tne sp~re parts, consumables an~ 9ener3l 

store item~ by assigning a number, codific~ti~n sye:~m ha~ 

been evolved in th~ early sixties. This is 9enerally ca

lled cataloguinq in R~r. An ei~ht digit nu~~~r crJ~ is 

·" 1.,tt~ .. d f.ir iclc-nti!yin., the? r.trtn. 

:·, · · I 11·: .1 

1 11.11.tml h~· ,, 1:1·n1.1·.s1 :.t.\El C)rcur for c.~c11 ~ic•~l.:1rt11wnt. 

Por ux~mpl~ 401 t~ 425 is for Blant furnace whrr~ ~ indi

~4t•~ C~ku ~nd Iron z~nn ~nd 01 to 25 are thn C4t~l~~un 

Qt~up ~llottffd to Olaat furnAce dap5rtment. 
I 



MANUALS .t.HO 
GINL, &-A Y OUTS 

~: .: ' f'U>iHT1PICATIOM or 1 r-MAINT ... IA. MOO~u .. i-:-r 
I' o- --- - - --· ··· - ...... ··- .... .., '&>&P~RTMl.HTS I.la.... __ .. ---1,.M•lt.ll•.1'1•' 
A f ..... I ~ ___ , ... ::.. ·-· . 

:If ,. 
· ... 1 '. 
' o! ,, 

•SI I COST CE.NTfl\ES 
--~-1------------~!&b «Tl I 

' ... ~ : ·1---------,, 
·--

"·-···---.. -·-·-1·-··-··· 

~ ........ -·-· ·-·-·-· 
iROUP EO.UU 

T2 -- - -·-

-~----~~ co·s·rlN-;· ... 1 
' .. 

·-----~-i!=~~~,~~.~Ji 

~,. :~ IMY~~~o:vN.ODULi.1 ·- . SU8TG3ROUfaS ~ 'T' 
' . ·- J I L..~---- ... -... ,, 

IT ------- - - - . .J 
' I 

SHOP 0~0DUI-& fi 
r.=== . ..::.· _,__ :.· :-:,.. •l 

; .s 0 

' 1---------------- T33Q. .. • T32CI j 
~ ... ~ • .A '--::=-=-::.·· •• : •. ::··~~-- •• -· 

. 

. .... .._..,,...,... ,......,.. ' . ---... ·-········ 



~----------

-!,-

-;-hr• 1.~urt h di~1it imtic.,te l he different :stage of ::tr•rl 

Pl•rnt developacnt e«J. (\ is for 1 "illion Ton sta9l" .. mrl 

'i att-.uu-. 1.8 MT sl39f' etc. ( 5th. 6th digits for dr .. ulin<__t 

~o, 7th ' 8th di~its far itr:'m No.). Th• df.'p.lrl•l"nt i:.• 

A second system was developed in late siaties. Under 

th<" 11 digits system the equip11ent clasification is as 

[ C· l l ,."""1.S : -

1st di9it - Expenditure Ate iSteel Plant 

2ns digit - Res?cnsibilily code- "echanical, 

Electrical etc. 

3rd & 4th - Department identification 
digits 

5th ' 6th - Cost =entre ~ithi~ a depart~e~~ 
cigits 

7:h & 9th - Grae? of equipmen~ 
digits 

9th digit - Scb grc·up cf equi?ment 

lOthtllth - Mac~ine ?arts 
digits 

The eleven digi:s are rn=re versatile and rationalisec 

sys:em w~ich can be use~ !:r Compu:er applica~i=~-

~:? f~ll~ws a system ~! pr~~entive ~ain:enan=~ s~~~d--

lcs for checking and servi~ing the Plant equirffie~:s. 

Re1ular inspection are carried out as preventive maint

enbnce. Inspection result in defect reports whic~ ac: 

a~ a signal for job planning. Both these are combin~d 

isr.:l jJt• creation is d:>r1e which are nor11ally ~arri'f'd C.:Jt 

our ing . .,,eekly shutdown. The job planr.ing indic~:e J~~ 

title, Lhe shift in which it is to be done, manp~wer 

allotted including loaned workers. After the job is 

carried out, important job are entered into the History 

cards which are maintained for critical equipme~ts • 

. . . . . . . . . /-
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"""'" 'd t <'"•• l jolt dt'ta il l'equem:e of j ·hs exist wi ti\ .,,,n-

11,.w,•:- rrquire•cnt, special tool and • ..acilities requir-

, ..... ·:i!.. Thir. i~ ;' u,rful document f,,: r'-"'flrlitiv•• ; •• a.:-. 

11reakdown jobs are attended then and there and import

ant e.~nts are recorded in the History cards. D~lays 

~r ot?.:tui.ntent downtir.1e are reported daily in different 

p-.-: .·:-m3 3f fi"ctj n.1.·n~t affecting prcduction. 

~.0 MAT~F.IAL PL~NNING. 

. . . 

The requireQent cf spares is planned on an annual basis. 

Tnit> N:dge: is all:::cated for each dee>artment. The plan

i n~ =ell ~aintain the spare par~s card for each and 

eve~y parts ~sed by the depart~ent. The indent is ra-

ise~ 6epenjin9 en the stock p~sition. 

T:•: ;:lar.::iriq cell keep track =! Indents, Purchase c::-der 

ti:: ~he r.aterials are received in the Central St~~es. 

hc=~~:an=e =r reje:tion of the spares are dcne both 

t.~::.:-e use ::>r du:-ing use.depending on perfcrmanc-e • 

~~er. a de~artmen: wants to repair a sub-assembly e.g. 

····-" ..... _. - ~r ~~ar b~x a ~~r~ order is placed on planning a~d 

i~ is dec~ied to mdnufacture an ite~ in the Captive she~, 

a w=rk order is raised. These orders are planned in cne 

er ~~re Captive shops. The jcb progress is followed during 

diff~r~nt stages. Necessary spares are supplied Dy the 

1:s~r department. The various shops are Re~air Shop (Mechj 

~tructural ' Welding Shop, Mechanical Shop, Foundry (Ferr

~·us • Hon-ferrous). Elaborat;! facility exists in the!Je 

sh~ps alongwith expertise and speciali••d skill craftsmen 

t~ handle skill and precision jobs. Once the jcb• are com

~let~d they are in•p•cted ' cleared. The user will collect 
th• m3terial to their departinent. 

. ......... /-
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M;t .. ·lanc lC'ading and job scheduling are the l•tJOrtant ta:-1. llf 

th<- .1roup. When the breakdown vo~k orders are re,•1-iv~d. tht'"y 

.n-c..' '-1 i vcn the priority by t·he Chief of aaintenanc<". 

~ .:.·;·.-.ratt· lh"l•-ti1· :~hop ~xi::t:: f•'r the repair t•I .... .,t.,1 .,n,I 

0:.:1~1· electrical equipacnts. 

Ri~ dcpartaencs have en Area work shop attached to the• also. 

E:;; ..... :.-~ency repair and aachining are carried out in these shop~ 

tty ~epartment theaselves. Their perforaance is reported 11on· 

thly to the 111onitorin9 group. 

S.0 I~~~~TORY, STORE 5 PURCHASE 

Tn~ ~rganisation pertaining to these functions exist outside 

t~;; maintenance organisation. However to perfor~ these fun

::-:~ :as, all acti·Jities are i:.itiate:! t.y maintenan::-: dep:l:-:.

::;.?:-.: ao.:i in most cases maintenance is the end user cf ~:le 

~a:erial received at the Central Store. When an enqciry is 

r:::ed oy a user department and is cleared by scruti~isin; 

c::-~~ittee and despatched to Purchase, then the Purchase 

!:~a~ enquiry calling for quotations. Then the quota:ic~s 

ar~ received by the department through Purchase Departoe~· • 

~~~ de?ar:menc raises the Indent. The Central.material~:

~~~in; ~:.aff c~ecks :he b~dge: allo:ation and send i~ :: :h~ 

~~r=~asse. The ~urchase department place the order ~i:~ :h• 
~;~r~v&l :~ fin~nce depart~ent. Khen the delip~ries are ef 

..-_·.::d ::f:€.-::- insr·-=~tion thes-:: are receive::l in Cent!"cl .:::.:-f:-. 

~~e~ sue~ diverse activities are carried out by various de

p~rtments they need systematic and periodi=al ffiOnitorih~. 

h ~recial staff group looks after this needs. Delay anolysi 

~f the departments are reported with equipment availabilit) 

and norms set by SAIL Corporate Office. Performance of all 

the department• under maintenance head are reported. In she 
the group fulfill• the function of aaintenance monitorin9 • 

. . . . . . . . . . /, 
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Jnv~sli(lation of the aajor breakdovna are carried out br 
th1~ group. Failure anaJysia le .. de and rec~••~ndati~n~ 

:u-~ subaitted. Maintenance eapenditure ls •onitored. 

1 O. n t"TllER FEATURE 

!"11.•:· i 911 ~md rr,•ject engineering depart•ents which pr:•'" i.k 

a 11 desi9n and enginee~ing services. Project Em .. 111 ... t11t:'pt. 

takes U(' the: project assigned to the•. 

~ lubrication and hydraulic group exist which contr=l the 

u3ed oil qualit\· in service and reclaia oil. Hydraulic 

and Pnu•atic group proves specialised service in the field 

~f oil hydraulic. 

Field Machiner}· de;:;artiaent maintain the earth 11'.'.>vinc; ec;u

i?~ent, mobile ccanes, dumpers and dozers, Trans?orta:i~~ 

help is provided to the department. Civil En9ineerin9 wo~k 

and structural inspection are carried out by Civil Engg. 

anc Structural ins?ection department respectively. 

!1.0 SY~TEM MODELLISG:-

Bei~re we proceed for ccmpu:erisation we have :o id~~:if; 
~~e various sub-systems which will form the to:al mai~t

E:-:-.an:=e systen:. Fr~m· ito";Jrk~la St.eel Plant p~ac~i=es :!".e 

:~11o~in9 sub- ~yste~s are established. 

l. Equip~e~t =lassification 

:. Planning ~f P.~. j~~ and repair 

3. Material ?lanning 

4. Captive shop sched~ling 

5. Inventory control i purchase 

6. Maint~n&nce m~~itoring ' history. 

. ....... /-
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l\ST OF PRODUCTION CENTRES 

LIST OF COST CENTRES 

LIST OF GROUP ·OF' EQUIPMENTt 

L\ST Of' SUB- GROUP OF EG.PTS 

L!ST OF DEPARTMENTS 

LIST OF SUB-ASSEMBLIES IN A 
SUB- GROUP OF EQUIPMENT 

MACHINE PAr.T REGISTER 

WHE.RE USED T"BLE FOR ~N 
ITEM (IMPLOSION FACILITY) 

ASSEMBL'.' LINK TABLE. 

RE.GUJREMENT OF SPARES FOR AN 
AS£EMBL'i C~TALOCUE NO. 
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l .o !_ltF.\"F.NTJYf. MAINTENANCE 5 RF. • •·' l"l.ANtUNG M\UlllLE 

l • J ::v:;Tt:" 01\.lF.CTJYF. 

T•~ i•prmr'-" the he.'llth of equipm~nt and lncr~.iae l'qnh,•t:mt 

•1V.dJ.1bility ~\· ..... ,n:: <'i rroviding accurate' ti•1 .. ly in-

l • :~ ::Y:~ &:-:M f'UN~T: ONS 

rr-eventive aaintenance ' Repair planning aodule has got 

!~ll~wing •~in functi~ns:- (Refer to Annexure -II) 

i) Jn~rection activity 

ii) Pending job activity 

iii) Shutdown activity 

i~) Major ' Capital Repair activity 

\"' Costing 

~i\ n~vntime anJlysi~ 

vii\ SU??Ortin9 Data Mana9ement. 
We have ?rovisioned for crea~ing a job catal~que for Bl

~~ci ~g & Slabbing ~ill {M) and BlooEing & Slabbir.; Mill 

(E!~=>· ~~is has been made ready. This has two ?~rtions. 

Tn~ fir~: ?=rt i~=lu5es all time based jobs ' the other 

on~ in=l~jes all =~ndi~ion based jobs. Time based jobs 

in:l~~E all jobs !ro~ short & long term inspectic~ sch

~d~les a~d those re~air/re~lacement activities for whi=~ 

~Y ~~~ a ?~ricdi=ity has been established with past ex~

eri ~nce. Condi:i~n based jobs include those jobs which 

w~ r.ave ~lanned fer a co~pu~er to give Running ins~~cti~n 

sc~.£-:iule::: for each week day. These \fill be printed or1=E: 

!~r ~ne ~~nth peri~d. Execution report on Runnin; insp

~c:1i~n s=~edule is tc be fed back to computer each day. 

!<llt i~~~~ctio~ are b~ing planned thrcugh weekly job sch

~dul~s. Defect report generated during the process of 

Hun~ing inspection ' Idle inspection are to be fed to 

the c1.·mputer on ON-LINE m'1de through the process of job 

c.;rovers ic,n. 
Th6' job catalogue will be called on •creen and the field 

of l>efect Data will be filled up against the particular 

•••.•.... /~ 
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ANNE.XURl ----------------- ~ 

!·"'REVENTIVE MAINTENMCE & REPAIR PLANNING --

DEPA~TMENT 

1. INSPECTION 

. 2. ; '"NV E RS! G N 
TO ~OBS 

3. !.i H IJ TD 0 V'J N 

t'1AlN MENU 

CODE - 251 

ACTIVITY 

OF DEF"ECTS (Pl\118) 

PLANNING 

5R 1cc 

5R200 

~Raoo 

4. CAP::.a.L & MAJ'OR REPA\R r>LANNING SR40C 

S. CCST A~!f.\~'{SIS SR sec 

6- DDV'J~J- :1ME REPORTING ~P .. 600 

1. ~: 1~f·y~f..T!NG ])~TA MAN~GEMENT SR 100 

L -j 1' ~ C 1~.T E SE L E. CT I 0 N HER E ~ 4 
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~ •~E'llNTIVE t1AlWTEHlNC£ - ' 
A~t> kErAt'- flANNIN6 l~!iDIJLE 

~IL'{ K'JNtJING- INSPECTION 

~H--11 lN~PECTl<>tJ <;cttebULE fO~ ~-HONTtlS 

. ~TAt lt~T OF \lE\lbl~6 -:roas 
?E.ND\N' 'JOQS FOR. It. 62.0UP OF EQU1PttENt. AMD 

FOR. DUR.hT\ON ~HUT DOWN 

Pt13 10& Pt'<N~hWG roR, MAINTENl<Nc.t l?.Etlt\R, 

PM5 PREP~ilcftON W02K - JOB DETft\LS 

• 

PM1 MONTHLY SHUTDOW~ rl!NNING ( AFF. fOObOUIO~ 

tt4 HtJNlHL'( \\iOTOOWN l~NN\tJ6 (NOi-Att.PtObU[IO 

Pt1~ MONTttl '\' tEtFORt11tNtE 2.EVIEW Of 

t2fVENT\VE Htrl NTE NttW(E 

~H1b TENT~Tl\JE /REVl~Eb ONE '(E#tR PLftNNlt.J6 

l C~P1r,\L A-t.Jb HffJO~ 2EPl<te~) 

f·t1i'. p~ ~ t~NttJ6 Mft\NTEN~NlE AUD RtPft\es (~Oft~) 

-··-··· ._,..._... .. ··-···--... .. . ·····-·· ..... ·---..-. 



joh w:'i~h •ay M r•quil·ed t : •. •iaant' ll' ·~l i11int1l~ th•· 

•h,h•ct •~ntionpJ """ def•("'l report. Thle particular j'lh 

wi 11 be added h" the ,~~ndi nCJ jot; file. In case of :;uh-

9roup of equip.ents which are expected to be down for 

l"n~u~r period ( eg. Shear entry guide, Shear gauge, Skid

Il in Blooaing ' Slabbing Rill) an inforaation i~ to be 

1
1 NI to (\.tmpnter :- .... hye-pass Running inspect i<.1n j~b!: t .. 'r 

th""'='e areas. Depending upon shutdown duration ' m.:ln-

ll~,.. .. ·r a ·ailable, jobs will be selected for creation of 

j .. 'b. ~cht.•.iule f"r ~he specified date of shutdown. Job 

~ch~dule ~ill be printed out on 13~ characters sheets 

.m-.i t.he profor11a will be sa•e as existing one except a 

field' of JOB ~o. vill be added. Preparation of work 

(oaterial)( or Requirement of spare parts) if available 

-i~h cc~puter -ill also be printed alongwith job schedule. 

Af :er c~ecuticn ~f jobs feed back will be given to Coe?-

:!:~:-.· :..ddit.i:mal jobs & Breakdown jobs will also be fed 

:: =~m~~:er. ~1sc~~y ~ill also be recorded against each 

Joe N~. by C~m?ccer. Outpu~s of Preventive maintenan=e 

=~~ Repair pla~~ing module are given in annexure 3. Delay 

:-~:·:.-t-t ;.;ill be ieq by PP:: for whole plant. Mon:hl y delay 

a~~lysis ~ill ~e printed ou~ at end of month. 3reakd~w~ 

~E~~rt ~ill ~: !~d by :he maintenance Dept. and 3 t.y?es 

~~ re?:~:s ~i:: be p~e?a~ed by Computer & prin:e~ ou:. 

:a?icaliMaj~r ae~air plans ~ill be prepared manually ~n 

=~~ ha~is o! ~~nding jobs, and fed to Com;ute:-. Mon•~!y 

z~J:d~wn plaLE alsc will be pre?are~ manu~lly witn :~~ 

:.:-i"S- hel~~ of inf:-irmation available on VDU regar::ing per.d-

1~; jobs. In!crmation regarding selection for its exec

u~i on ~ill be available against each pending j~b. Exist-

l n~ C~des f~r cause of failure will be utilised and an-

0t~~r tw~ digit code has been ev~lved fer nature of !ai

.lure. These codes C 1+2) will be used fc.r reporting 

!e~dback on each ' every job and will be maintained in 

Histor1 file. Outputs from Rietory f il• can be obtained 

tor a particular equipment •• deeired. Failure analyais 
for MTBr, cauee wiae failure, Nature vi•• failure analy•i• 

r.ar1 be obtained. ror•at• for all th••• are being designed 

Lint c.f output• of Down ti .. ' History •onitoring aodule 
ia giv*n ln Annexure-4. 

---- - JI... :pa a ------.. •-= 



ANNEX\..1~l-----------------.........,;i.....-................... --, 
DOWN-TIME & H\STORY MONITORtNG 

(•UT PUTS -
_. ;;ELAV ANALYSIS 

- W 1b DAILY BREAKt>OWN REPORTS 

-- PM 10 jQB-WISE .HISTOR)' 

- - H!~TGR'Y ~N~L~SIS 

- C.~USE/NATURE-WlSE HISTORY 

- ~R~~p OF EQ.Uf PMENT-WISE .HISTOR'I 

- C~U~TER OF 10BS·WISE. HISTORY 

- •1tE.AN T\~~£ BETWEEN F~ILURES (IViTBF) 
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a.•• H;\T!-·1~11\1. r1.ANNtNr. "Oll\ILE 

Thi:~ •iodule envisages the developaent and iaple•entath"'n 

--~ 1 ::yr.Ira ff"r t'lannin9, initiatin9 and trac-king e>f •:•t
··: ,_,t 1 ··-1uir,•m,•n::< till th~ •"'t"dt"'r i~ placed. T,-... 1· 1·.tl i:'•· 

l l" .. '~'~ r uncl ions s~urce data on items to be procured h.i:; l ,. 

t-e prepared. The syste• also envisages budget requir~aents 

~~~pilation and utilization. The systea objectives are as 

t •' 11 "ws: -

~.O ~Y~T~M 0F-JECTIVES 

~~ en5ure timely availability o! spares for 

planned repair activities. 

- To avoid stock out situations. 

- To reduce internal lead time. 

- To provi~e methods t~ meet ~nf~reseen requiremen:~. 

To pr~vide corrective measures for systeffi dist~r

bances. 

- To regularise & control issues. 

- To provide checks and balance tc avoid excess 

inventorie:!. 

- To cp:irnse invn~t·-y holdings. 

- To in:eract ~ith other modules to achieve 

overall c~~s ~bjec:ives. 

- :r~a:i~~ c! s~~rce 6ata. 

- Planned procurement cf s~ares. 

- Procurement of emergency requirements & material 

shortages. 

- keservations & issue control. 

- Requirement status monit~ring 

- Budg~t requisitinn & utilisation. 

. ........ / · 
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.1.0 :~Y~Tl~M DF.~C'RIPTITON 

- ~re.lti<'n of sourc~ data: 

Thi:: sn1' aodule rrovides basic technical and c09•~rcial 

d.\t,1 whiC'h fora the basla and al.1rting point for •ateri,al 

planning activities. At first th• catalogue groups intc 

"hid• tht" De:>art•cmt's equipaents are brt'adly divid~. 

Next on line in!oraation on spdre part card details which 

are in the ra~ge of 3000/5000 cards f~r an aveerage si%e 

d~part•ent. Each card which will be displaced on the 

screen ,,..ill pro\•ide some fifty different attributes of 

th~ spare parts. This will cover te~hni:al details, c~

nsumpti~n pattern, inventory policy, production and pr~

curement criticality, proprietory nature as vell r. · Make! 

euy and repair possibilities. By simply keying in the 

s:~ck N~. the user ~ill have access to these S?or~ part 

c:~ds. 7his is the starti~9 point for planning ac~ivity. 

;~:the~ screen ?rovide details spe:ificati~ns in free 

r=~~3t ~~nning in~o 10 lines. This is used when ~he ~r:e 

line d:scripticr. of the part is not sufficient for crd~~-

=~~ pu~?ose. T~:al stock balance of any spare ?arts in

::~~i~~ • Ready for use• and •ae?ai~able• as w:ll as ~u

~~:iti~~ available on sh~p !loor, S~ores, :ap:1ve Sno?~ 

- ~~:nn~o ?roccrement: 

:~~~r re:~mmendaticn s:agt, purchase order s~a;e, w~r~ 

-~j~rs and direct orders will be displayed by an~th~r 

~:reen !Qr any specific i:em enquired by the user by key

i~~ i~ these stock No. Provision exists for direct entry 

~! ffi~~~rial requirem~nt for any job order/work order. 

Cr~ss requirements are generated as per the above key~d 

i~ data by the lndentor e.r for Capital Repair or any 

~ther requirement in addition to Computer's own scanning 

prn~ramme ~hrough inventory position and generating nil 

st~ck, alarm stock and low •tock level• of spare parts. 

!~~"' ~r~sft requirement• are balanced against availa~le 

!;r.'.·'"K ur1<1 pending proeurenaent to arrive at net requir-
r:nir.:nt. . ....... /-
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While d~in~ this exereiae the Coaputer vill take into 
account th~ replenishaent level/ re-order lev~l and 

will arrive at •reco•••nded order quantity•. The req

uirement balancing screen doea thia exercise and will 

recommend order quantity for any atock No. wnquired. 

There ia provision for aanually revising the quantity. 

A report will be generated which is actually computer 

recommendations for ir.denting and budgeting. The net 

requirement can be sorted as pee priority levEls tak

ing into account such factors as import/indigencus, 

f.:ist/slow movir.9, ABC class of items. Thus the bud

get is created. 
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f ·,,. __ MATERIAL -f LANNING 
t. 

MAIN MENU 
f 
~J St.tin Tit le of Sween - Sc•e8h No 
:~ . 

' 1 CREATION OF SOURCE DATA MP!O 

i-- Z. PLANNED PROCUREMENT MPZO 
•;. \. 

f. . ~: 
. . -
[;. . . 

r. 3 BUDGETARY CONTROL MP 30 

4 EMERGENCIES AND SHORTAGES MP40 
;.. 
~ .. s " : . 

,.~A~ . •I .. .. 
STATUS MONITORING MPSO 
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lb• net require•ent report is printed at the be«Jlnnin9 :oat the f lnancial year and will be updated •••ry ftionth for 
· itlonal it•••· These rec~ .. endatlons for• the basis for 

ntlng. The Indentor eelect• the lte•s fro• this report 
keye ln the Indent lte• entry screen. Be hae to key in 

·1y the required stock Roa. Proa this, the indent will 
-~printed, the Coaputer taking care by itself to print 

_., _ -~- fifty additional data to co•plete the indent by its~lf, 
_-..;."-_ ·-:\~US the indents are generated by the Co•puter. 
~~ ~ ~f.i 

:.;~ !"here is provision for Plake/Buy Co••i ttee to see the in111.!nt 

·.:: 

on the screen by keyinq in indent No. The Indentor can 
also see make/buy decisions, quantity chan9es an~ ite• 
deletions on his screen. Another screen is provided for 
order reccmmendation and cumulative budget utilisation. 

- Budgeto!''"7 control: 
Pr~vision exists for budget creation a5 mentioned above. 
Budget ~!!~::ad, Eudget utilised and the b~lanc£ ~ud9£t 
~ill be ~r~vided by separace screens. It is alsc ?OSS!t:e 
to view t~e budget position fr~m consumpti~n and expend!~ur4 
c~ntrol ce~artment point of view fer various cat£gories lik• 
Iron & ~~~~1. Rclling Mills, Mechanical and Electrical 
discipli~~s and de?artrnen:~ise budgets. 

- E.~er9enci~s and shortages: 
This sub ~odule takes care of direct orders tc cu:side 
parties and direc~ ~e~air crders ~n captive shops. The 
bulk of the ~ork ~rcers will be handled se~arately by 
Captive Shop Mcd~le. 

- Status m~nitorir.;: 
_'). , This sub moccle pr~vides vr. line enqu1r1es and pri~ted 

outputs on stat~s ~onitoring. The statu~ cf inde~~ at a~: 
~~int of ti~E ~ar. be knc~r.. L:st cf incen~s cleared bv 
"ake/Buy C~m~it~ee and lis~ ~: ~rders placed et=. =an·b~ 

~. ·• . .. ~ .. 

- ·---···-· 



OUTPUTS 
. SPARE.PART DETAILS 

STOCk BALANCE 
. PENDIN6 PROCUAEHENT 

REQUIR.fMEt4TS GENE~ATION 
REl.UlltEMENT 8ALANCINS 

BUDGET CAEATION 
. 3UD6ETAAY CONTROL 

INDENT PRINTING 

NDENT SCRUTl'NY 

TRACKING OF INDENT 
>IRE CT OR.OE RS 
>1t OCUR.EHENT HISTORY 

:TATUS MONITOltlHG 

'NVENTORY ANALYSI~ 
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Thi~ .,,dule rrovides for the follC'ving sub-•odules. 

Jndentin9 ~ Reservation 

~l~re~ Transactions 

Status •onitoring. 

All basic data regarding Stock-control items are displayed 
throu~h d screen. Indent creati~n is done siailar to Mater1 
;1ldun ir.:J ~y i tea entry and printing the indent. In addition 
there is pr~v!sio~ for reservations of items for Capital 
R~pd:~~. qu~ries on reservation status and dereservation ~i 
iterns af~er a time period if they are not used. 

The s~~res transactions sub-modules takes care of receipts 
(GAR~ entry). isEue and other stores transactions. 

2~~=k balanc~ ano pending procurement as well as inventory 
~tatu~ of va~ious categories are provided for in the status 
~onit~rrng sab-module. This also covers reports like list 
~f i~ems bel~w safety stock level. excess consumption report, 
~xc:=: stock re?~rt and list of overdue deliveries. 

~~~ P~~chase codale has tn~ follo~in9 sub-modules: 

- T~nd~~ Enq~iry C~eation. 

?urcnase Orde~ Generation. 

Th~ !!~s: ~~~-m~6~!e ?rovides for Supplier da:a, selection 
:f ~~~~ · ier !~r ~ ~?~ci!ic item, requiremen:s entry and 
~~~~~:=-~1 ~~~m~ ~ =~nditions. 

T~~ ~•==nd s~~-mcdale takes care af generation of Purchase 
~·r~!er ir1cludin3 commercial :erms entry and item nomenclature 
~r:t ry. 

!~~ l~st su~ module monitoring the order status, purchase 
~rder ~~vie~, vendor deliveries review and P.O. amendments. 

·· ..... -· " ·. 

I 

- I .. 

r 
' .• . 



SPARE PARTS RANUFAr.Tt•RtNG ' CORTROL SYSTEM. 

l.O ~YSTEM DESCRirTJON 

J.l Sp."lre 1>arts •anufacturin~:repair ~ control ~\-~tea pt·o-

v ~ ·lcs "-aric-·:s types of •e..:h&lnical 3pares and fabric<!lt~d 

itc•s for effective ' timely a3intenance o( rlant ~ Equi

paPnt~. 

J.~ The various types of products include the f~llovinq ~nes. 

2.1 

- New spare parts. 

- Reconditioned spare parts 

- Nev Asse•blies/Sub Assemblies 

Repaired Assemblies/Sub assemblies 

- Fabricated parts\ Nev & old) 

Tecnnclo;ical structures 

- Small !crgings 

- Any other manufac~uring activities 

needed for the ~aintenance. 

Tne system objectives taken into account for the 

~esi;~ consists cf the f~llc~ing faccors. 

- To adopt the manuf act~ring system to the 

syst.em 

mair.t~nar.ce requir~r.~nt i.e. j~bs required 

by tne productiic~ units t~ be made i~ 

their sequence of r~quir~ment. 

To increase the work productivity level in 

the shops. 

- Reduction of the routine activities. 

- Reduction of the manual documents distribution 

- Provide an accurage ' actual information for 

both MIS ' Shop working level. 

- Systematic accounting of the manufactured aparea. 

- Provide an easy and authorised information 

selection. 

- Th• overall aim i• to aatiafy the needs of 

the •aintenance process. 

. .......•• /-
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Th~ ,.,.,re l~rts •. ;mufacturlng 11<>dule consists of 3 l"9sic 

51111 •'l'<lules. 

_ production engineering ' Data control 

_ pr~duc-ti~n capacity loading 5 scheduling 

- rr .. •ctnc-ti~n •oni tt'ring ' feed back. 

Anncxure I illustrates the sub aodules vith the basic 

func-tions • 

• , p;.:-d;.:.:t ion en~ineering ' Data control provides facilities 
J •• 

f'•r :-reparation o! all technical inforaation and data 

~3 in:. required for Production capacity loading ' sched

ui in~ sub module. It also provides all material 5 special 

:~~ls require•ent. The •ain functions in this sub-mod-

:..: ~,- are as follows:-

- r.~rk =en:re 5 capacity Bin File creation 5 main:. 

- K~rk order handling ' control 

- R~~ting ~reparation 

- ~aster plan creation 

- ~=terial preparation 

- ~?ecial :~ols preparation 

~ra~ing master !ile creation ' aaint. 

- ~~cp =~l~~der creatic~ ' prin:in9. 

~~=~~=:ion ca?a:i:y loadin; ' scheduling and /or resche

~-: :~; ~! ~h~ ~=rk ord~r~. ~ar~s and operations. It gives 

~~~~ scri~d~:~ng :c in!i~ite ca?bCity and a fixed 

:i~& ?~ri~d. T~~ medium 5 shor· term scheduling is pro

~~~~u ~~ finite capacity o! production resources to ach

i ~~~ ffiu~imum capa~ity utilisation and required due date. 

7~~ ~9ricus functions of this sub-modules are as follows: 

- In?ut da:a preparation 

- Capacity requirement planning 

- ~~rameter f i~e creation ' saintenance 

- Operation scheduling • loading 

••.....••. /-
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4.J T• ... - l"'roduction ll<'nitorlng • fPed back provides •~nuf

~~turing process •~nitoring and fe.d back. The functions 
o! this sub aodule are:-

- Manufacturing status aonitor111CJ 

- Peed back 

- Bulk of aonth production 

J.4 Th~ list of outputs envisaged from the Shop module are 

Fh~wn in Annexure-II. 

~.o The ~ystem design is based on the sodern approaches in 
application such as. 

- Integrated Data base utility 

- Teleprocessing ~ monitoring system utility 

- ~~dularity principle appliction 

- en line & batch transacti~n utility • 
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The o~iectives of the CKMS Data base are:-

i) to provide up-to-date and accurate on line infor

•~tion t~ the agencies involved for planning and 

controlling the aaintenance aaterial planning act

ivities. 

ii) To provide an integrated design for Coaputer based 

information system covering all the system modules. 

iii) T~ ensure that ther~ is no data redundancy and 

there are no maintenance anomalies. 
iv) T~ provide for easy retrieval of data for differ

ent ena-user views. 

2.0 ~YSTR~ MODULES 

~ata base integrates the following system modules. 

i) Equipment classification/Plant register module. 

ii) ?~eventive maintenance planning & repair. 

iii) ~aterial planning 

iv) !nvent=ry & Purchasse control 

~> ::pt~~e shops planning & control. 

vi) ~=intenance monitoring. 

USI~G T~E D~TA BASE 

::: . l INTEiACTI~G WITH THE DATA BASE ARE: 

l. Mai~:enan=~ rl~n~ing cf the respective de?artments. 

2. Ma:~rial ?l~nning of the respective departments. 

3. Sto~es/ St~=k control. 

4. Purcnase 

5. Acc-:.unts 

'.. Corssumpt i cri & Expenditure contrul 

i. LU c,r/ HP OP 

e. PC(S; 

c;,. Captive Shops (RS(M), WRS, MECH. SHOP) 

10. P.P.C. 

11. IE(C>P)/ MP(OP) 

. ......... , .. 

............... --------.... -----·---------------· ., ..... .. · .. ;, 
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.a.O.H~ROWARE EMYIRONtlENT 

Jt is proposed to cov•r all lhP-a• agencies in th@ ~il~t 

i•1~le•ent"tion stage itself in vhich the systffl wilJ he 

•ade operational for use by BSM 5 HSR to start with. F~r 

totdl i•ple•entation it la planned to provide ter~inals 

.1t ·• 11 th .. > u~<'r locations to have cUnct llnk vi th the 

CMMS AJK aainfra•e Coaputer where the data/base would re

side. 35 locations have been identified and a total cf 

42 terainals vill be provided. 23 of these terminals 

will be pr~vided with Ha~d copy units to ena~le print

out to be taken ri~ht at the user location. 

5.0 SOFTWARE ENVIRONMENT 

Th~ Data base will be created using Burroughs LIN~-II, 

DMS-II data base ' COMS ( Communication) packaqes a;.·3il

abl~ ~ith the A3K system. It is envisaged that in view 

~f ~~e limited on-line storage capacity available at 

present wi~h the AJK ( 614 MB as against 1000 M3 req~ired 

it ~c~ld be possible to implement the system or:ly in fe~ 

~~!~: ar~as as ~entioned earlier. For tctal impl~~:n:

a:ion enhar.cement of A3K capacity for on line s:crag~ ~y 
a:least 400MB is a must • 
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PRACTICAL RBCOllRBNDATION FOR TBE DEYELOPRENT OF CRRS 
IN DEVELOPING COUNTRY 

1.0 A task force gr~up ~onaisting of aaintenance and Co•puter Eng
ineers should be foraed at th~ beginning under the head of the 

CRMS Project. This group aho~ld have interacting a•ong the•

selves to appreciate the eacb other proble•. 

l.O This group should prepare an •Approach Paper• with the follow

ing details. 

a) Description and docu•entation of the existing •anual system 
as practised. 

b) Identifying of the proble• areas and pin pointing lacunae in 

the syste• and analysing weak points while translating fro• 

manual to co•puterised syste•. Ti•e, cost, •anpower are the 

parameters. 

c) Suggesting improvement, modifying procedure, minimising pro

blem encountered for smooth change over. 

d) Evaluate computerisation in terms of advantages and benefits. 

e) Examining the suitability and compatibility of computeri

sation with the prevailing environment. Adopting the system 

to suit the local needs. 

f) Outlining the prcject schedule· time and cost estimation. 

3.0 The overall approach should follow the above guide lines. 

The next logical step in a project of this nature is to spell 

out the term of reference and circumscribe the boundaries with

in which the system will operate. This can be stated as follows 

a) Objective of the study, technical, financial goal 

b) Application specifying particular discipline- Mechanical, 

Electrical, etc. etc. 

c) Areas to be covered 

d) Strategic goal in the field of computerisation/back up fac-

ilities/development of in house skills. 

e) Organisation 

f) Finances 

9) Time limits 



. · 

I 

-10-

~ ~lear understanding and spelling out in the above ar~a~ 

will m~ke ea~i~r t~ all con~~rned what ls to b• ~xrert~d. 

}: \:; .,\:":..• )r.;:·.•;:.lltl t,•t· tlu• lt1;~k 1•.~l"C-(~ 'H"•'i.I:• h' f .• ,-••..• •.· 

1Y•n- cf fr-ts ,,mj encrg ies in a specific area, i1tple•ent3t

i;.'n of tne system will be better over a ti1te fra•e. A Pi-

1.>t department can be chosen and model can be tested tbere. 

Strategic goal in the field of computerisation, standard

isation of hardware, languages, software is to be consid
e~ed. Long term policy decision are involved in choosih~ 

~etween buying software outright or developing in house 
:.kills • 

!. ~7~~E~ I~ ~HE EVOLUTION OF APPROACH PAPER 

:~e fellowing stages are to be gon~ through. 

:! Exhausti~ study and thorough understanding of the 

present wo~king system- even though one may be experi

enced in t~e line for many years, it is necessary 

le take a !=esh look at the system in a detached and 

- Ciscuss ~hread bare the feature of the systear1, ·t>rain

s:jr in; sessions bet~een maintenance manager; system 

analysts is a must for thorough grasp of each ~:her 

re1~i~e~en: and limitations. 

s:udy t~e literature available within the Plan:, 

study the proforma. 

Interact with end users. The purpose is to educate 

~bo~t the new system, a little bit of public relation 

~ork, understand the apprehensions and reservat~on 

c..f the user, his needs, problem, difficulties while 

implementing. 

Conduct meetings, seminars, workshop to disseminate 

the new philosophy. 

b) Data collection and •pade work in the department. 

• What are the data available? 
• How it i• being u•e4 at pr•••nt7 

• How do you propoae to u•• while coeputeri•ln97 

•.•• .... I· 
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- What are the inter-departaental differences? 

- Wh.1: pn'liminary wotk i:; l<' h ..... dont- ht?fore cClmputer-
i:=.!: •··n·: 

- Which formats are crucial? 

- H~• ~he department personnel can help? 

- ,.,h.tt guidance can be given to the departaent? 

-· What resources are being use~ at present? H~w can 
it be reduced? 

- What results are achieved now? Row it can be impro
ved upon~ 

c~ ~omputer man interface. 

- Whi=h data will be fed t~ the computer 
- Whicn form ~ill be adopted 

- Whi=h is lacking at present for inputs? Ho~ tnat 
wi!.:. !::>e solved? 

- Wha: is beyond the control of Computer? 

- H~~ :~at is supposed to be tackled? 

- ~ha: ~ill b: available as output to end-use~? 
- Wha: are the MIS reports? 

e1 ::~p~:~r aspe=ts 

- ~se :f =orr~=t a;?licaticn pa:kages. S=ruti~ise the 
~y~:em available in the mark~t. 

Suit~bility of bought out package Vis-a-vis in home 
develcped system, lock needs. 

Dedicated computer or main frame computer 

Ef fe:t of computerisation on the company, executives 
and w-:>rkf orce. 

f) 0ualification 

- Data, input, output 

- ~iles, layout, organisation 

- Data base (how many, which ere) 

- Hardware (loading, requir•••nt, capital co•t, r••P-
onse time) 

......... ,. 
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:>~l tvare (developaent, avililitbil it y, <"":il l 

- <'P•.•r.,~\.-11 ( Tr.1ini1"1 t. :-:\.ill) 

· 1: t:: •-:·· ~ a .. ·n··til:~. 

•; : ·,:.. ., l 

- Reducti~n of paper work, proforaa 

- Incr~ase of field ~ork as oppesed to desk vork of 

St.aif. 

- M3na~ement reports 

Simplifying decision making 

- ~uantity and quality of outputs 

- Flexitility with charging time. 

h) Ev~~ve ~he coaputerised system by stating 
- Syste~ design, model 

- nardware specification 

- So!twsare needs 

- :i:-g:rnisa~ion 

- F ir.an::e. 

;i~nce- i-: is necessary to state for the benefit of th:;s~ 

~~= f~:ly !d~iliar with computer system devel~pment work 

:~.at :.;.~y sh:;uld pay attention to the following explanat

!~n cf the nature of the system develop~ent. Thi~ will 

~~&~~& :hero t~ understand fully ~~e project activities and 

firs~ of all we have to realise that the end product of 

tt1e system developaent project is not a concrete product 

w!th phy£ical dimensions but an •invisible• product namely 

h~~~elc~~1 sy~:ea and acquired knowhow• •upported by in•t

al led hardware and application software. Therefore, it 
is also more difficult to aonitor and evaluate it• pro-

9reas ant achieveaent of objectivea. The only poasible 

approach i• to follow different •t•9•• of •Y•t•• develop
ment. Hence to tran•l•t• •9•in the concept• li•t•d above 
to more tangible and perceptible for• they can be au••-
er i••d a• follow•:-

..... , ..... /-
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3) Fa~t fining - analyaia of th~ curregt ayste11 operati~n. 

b) Feasibility atudy- where the basic concept of the nev 

aystea are described end eweluated. 
c-) Syste• design specification, vher~ all th(' .1l•1c1·ithm:: 

i n1•uts and outputs are- fully specified. 

J) Progra••ing phase - the ayate• apecificationa a~e 

translated i.e. coded into the 

language of the coaputer. 

e) Pr~graa•e testing and debugging, data collection. 

f) Introductin~ systea impleaentation/testing a~d user 

trainiag and documentation. 

9) Syste• iapleaentation 

h) srstem operation and •aintenance/inclu6ing imprcvement 

:! running programs and updates. 

~ll tnese stages are part of system development and in 

!3ct continuous process with feed back from any sta~e to 

:~e p~evious stage. From this view point, it is nece~sary 

:~ e~aiuate activities. Since phase 1-~ until program~in; 

~nase could be carried out without Computer fa=ility or 

~itho~t actually running any computer programmes. Stages 

~-5 is the actual pro9ramr.in9 phase and tescing the mc6~l 

~:riere !:DP e~~- will have t~. fully exploited. Tnis phase 

is actually smooth change over from manual maintenance 

E~ste~ to computer based system. Stage 6 is introdu:in; 

:~~ system in a pilot department, testing the system and 

training the personnel. Stages 7 ' 8 a~e system imple~ent

ation and improvement phase • 
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~ :t14 HONTHL'f ~ttUTDOWN l~NN\~6 (NOi-A+F.P~o~oa10 

_; h'! '1 MQt-lH\l '\' ~~tFORt1rtt.ltE ~El/IEW Of 

PUVEMTI VE Htl tJ1C NlttJ CE 

TENTf\Tl\'c /REVf SEb ONE YEl(R PLltNNltJ6 
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