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A3S'TRACT 

The Project: DP /I!f.c/84/020/11-=3 

PRODUCTIVITY r:.:PROVEr.lEll'T THROUGH r.:AI:ITEHAIICE OF ADV.A.!ICED 

INSTRUMENTATION Al!D ELi::CTF.ONIC cmrr.~01 CIRCUITS 

nr c .Ll.1,;:;rrr IIIDUSTRY 

The first Mi~~ion h~s t'.J.ken ~l2ce in the time -

21 October 1~36 to 17 December 1~86. 
It's ~urpose ~::s to i~?rove the ?r'.J.ctisc mathods of 

mai!lt~nc..nc~ c.:id t!'ouble shaotin; of c .. d.vci.r:ced iri!:'t:7tlmcnt~~tio11 

and control Gj·c.t~r.is like ?ro.;rc.m'.":l!lble la,'.;ic c(n1trollers , 

micru ~~ocessor b~sed ~roccs3 central ~Jst~r,s, quc.litJ 

co!1trol ::'Jstc::: , X-r'.J.J fluo=oscencc c::ie.lJ~ers :::id other 

electronic :_?rac~ss control i:::u:itrunc::ts in the I:ic'lic..."l Ci;!nc!:.t 

Indu~tcy and :::tr.'cn;;hte:1in;; the n:J.tio!!8.l c~ntre - tl:.o I'IATIO:!AL 

COUNSIL FOR CEI.:.::;~rT AND 3UI1DIHG r.!AT.ElUALS /H. C. B. M. / 

r;i thin thin 

The mi~sion has been r~alized by ~ivin~ lectur~ 

to the t echnic'.J.l ?er:::::oY-_riel i=i the Cer.icnt Reseo.rci.1 Insti tut~ 

of India /C.E.I./ a.11d in the Ger.lent Pl2J1-l;::; ~~ Y:ell 2..E 

t ec.h..11ic2.l discusions a.bout the methods of exploi tc.tion , 
mc.inte:::w.nce c...'1d trouble zhootin~ bJ different cyste:;:s f'_'1d 

inst rur.ie:it G. 

The e::l?loy~e::: of :iC.:3!.l hc.ve beer. c..c(1uc.i:ited r;it!1 the no.i:it.~~1·_-_:.;.c~ 

Con cl 1...t~i '.J~s c....::d ~-~c c:nr.1 en.d..:7. ~ io ~:~. ------------------------------· 
1 •. ereventi 1:~ w::iintenance of adv~J1c~d. i.ri!:tr~:'!"l~nt~tio!l ::'.~:d 



leads "to :,i'J'Jr utilization of tlli::.' ZJstcms , 1002' auc.li t-.~ - .. ·~ 

control 8.-".c hif;h r.roduction co!:lt~ • 

. 4. Lack of sta.~darization of advanc~d in~t!'Ume::to.tion , 

motor cc:rtr<Jl sr::;te:ns, ?roce~s control :::::;2t~r:1s ~tc. in 

l!i.~i.in.n Ce!:1".:'~1t Pl2ntG. This cour1es the trai::in:::; , :·~2::.i::i1 1 ;; 

of :n;.r~ s to 

fer :irocure:1e:'.'!.t il'l c.dv.:::.nce. 

6. '.11 he m:tr..ufc.ct'..trers service is not ~::o.t icfact or::. The 

r;e..itin!; ti::ie bein; very lon~. 

7. The L1::tr..tr:ic:::.tc.tion stuff in the Ec.tional Ccu:'.:.-::;il ~1 -::::· 

Cemc~1t li..>:<l .3aildin; Mc;.t erials shot~ld be rcin!orc cc. 
c..s ::Ju.1 ~:: ~ossible e.s r.dl c.s cc;.'..:.iped r;it~::. c.d1itio~.:.l 

t ec~miccl ne::.r:s : :ncaBurin~ inst "!:'1..t::lcnt .s 

:_>roces::.: C:);:l:?Utcr :oy:::tem T:ith ;iroces.J ::yr.n.:.l::.tor o.n'l 

or;miz:?.tim:_ ::u.ito.bJ ~ lo.bo~ator:i.~::.:. 

'rheJ should. c.c quc.int U?dct ~ri knor;l cd.;;e in t::cir fi cld.:: 

throu~h vi::::it:: in 'Jt'h.er mJder:i ccr:v~:it ['lc.::t:; i.'.1 I:idic.. 
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-----------------

A. B2.ck:!'0tl:!C1 
.. i2f0~:::ticin. ---------------------------

'roC.c.J" th~ Ce::i.ent Industr;r in I!!dir! com,ri~es of o.l:~ut 

100 cement z>lc .... '1tc rtith totcl c..llllu~ ?reduction over JS million 
tonnes. r.lont of the older pla.'lt s a.nd r.iini vla...'lt::: r;i th 

or semidrJ ~roc~:::-ce::; c.re equi??ed rdth onlr certo..in lc~.~e1 of 
conventioncl i:~.st !'tl.tnent z.tion. 

Fer; of the recently build modern plants Hi th ?reheat er.s c...."1c! 

precalcincrs uce c.dvc..nccd Pro~rrunmable Lo~ic Controller'~ 

Motor Control Sy:::tem!3, Procecs Com?ut~r S;rstem::, '-'uolitJ 

Control SJ' st em:: r.i th X-:: ...... • Fluorescence AnalJzer etc. 

Unfortun::..t el.r mc....'1J c~ the control ~Jstcm.s like inc1.uctrr 'EV, 

X-re..J S?ectromete::-::; ~tc. do not work ~ro?erlJ or '7.~e not full:i 

utiliz. d due to l:::.ck of maintenance a.c 1;ell an failur~ of 

adequatelJ trd.nc~ ~ersoncll. 

The Ifatio:1:'"'..l Council far C~!71C!lt o..nd 3uildin; Lic.te:!:i'..'.l::: 

/N.C.B.rr../ , e.tto..chel to the r.ii!listrJ of Ir.du.stry , Cfover~r.i~Et 
of India is the n-:;.tiontl centre engo.~~d in .. ~e3eo.rch T~clmolo.--;~;
Develo rime!lt C!ld ·.r~c.;1:::.!'cr , .t:duc:J.tion CJ.!d I:idust ric.l Servic ~t. 

The Cement Heaec.rch Institute has ~1 d~velo?ed on~oin~ 
Itro~ramme of producti vi tr enhancement o.nd moderni:::;.tion. 

ManJ of cement pl:.11t3 he.ire clread;r _U.eriv~d benefits while 
realizin~ it. 

The :':'Oj ect P:-octtcti vi ty Imztro·rer.1ent in the Indic.~! 

Cement Inductr: ~1U. :::t::-~n;;:henin; the ::s.::l!.! contc.i~1c 

of advc .. nced in~t:;.....,.i.:-:ient.::: c;1d electro~1ic cont:'al ci::cuitr:''• 
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0 "• ..... 
2./ ~ro:;::.·:::::•:!~ble lc;;ic controllers i!l motor cor..t:·cl 

c/ ;(-rG.:J flnoresc~.nce C..."la.lJZ~r':::: 

c/ qucilty cont~ol SJSt~ms 

d/ ~roce::::~ 2U;'.)ervision and C'Jntrol ::::j·.ste::is end 

e/ oth~::.· ?roe ec::; ins·~ rument 

a/ m::::.i:1t~:l:J..'1.ce ;_lrocedure 

b/ tools :i..::cl te~t equj.~ment QC r;cll :..::; ::::;ic:::icl in::::t~"'..1:-::~nt::; 
c/ maint en-::-.nc e instruction c.:1d i:tc...'1uo.ls 

d/ S?2.r~ )c.rts 

e/ cor .... "'1.ectio~1 to the .'.'eoces::; docu:nent::ltio:1 

.f I t rc.i~in;; 

;./ maint~n.:.1..:ic~ d.ocumcnts 

In realizo.tion of this task sepo.r2.tc c..ccent hci.:::i been :;ive~i 

to the follo~i~; ~roblems: 

o./ AnclJ-r:ir..~ the causes of m~l i\mctionin; c...'1d fe.ilur~r: 

of different instruments ~nd CJnt emc. 

b/ Present m'.:!intenance ~rocedur~c. 

c/ Minimum stock level item:=J ac nell ac c::.·iticcl 

spa.rec requirement 11hich a.'1::i.'.Jle L'la..'1.t to run c.t 
rated !'reduction CE-~aci tr .:i.ncl qu8.li tJ. 

d/ PrevevtiYe ~8.:L!1ter..~ . ....-1ce ztrocedur~s. 

e/ St ren;;th~nin; the er.i::tin;; JOCsi bili tie:::: of the EC~-31.i 

by t eclt'1ico.J. diacusions and t rc.inin;s th~ instru.r:i~!:.t ~·· 

tion .0:'l~l'.:i~li~tc Tti th r~rnz-~ct of th~ ('l'r'ctj_~~ m~G!l'~,1 r: 

of e::ioit-·.tion, trouble ::h-:;oti!l~, re;8.ire :J.lld 
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The improvement or e.:::>loi tQ.tion and mo.int en~'lc e of 

co:itrol SJSt~mc and c.ut oma.ti~ati on C.evic cs s!1ould a.:.;.abl ~: 

al To incr~~ce the workiI'-3time of the d~vices 

b/ To bA+t~~ th• ti-• factor~ "¥ t~- d·~ic•s /-~~·ci"pl 1 --...... v _..... ... ... _ ___,,,_ - u... --- ...; "'- ..... ....,....;~'-.,, ..... .J.....; 

the kiln fc..ctor/ 

c/ 'fo decrec.se. th~ amou..'1.t of bre::'.k do•,ns e::?ecicll;r tho~e 

of th~ :r:-ot c.17 !:::!.ln~ coursed b;; inctrume!lt '.lti'Jn z>ro cl ~::1::. 

d/ To bet: er the ztroduction qu'.:'.li t.T 

e/ To C.cc:·~c.se ti1e production costs. 

f I To en~ur~ ~.he ~c..f etj of pier~on~1el. 

c. r.:i~ ~i ~:rl S!!.., ~art. ----_____________ .. ._ __ _ 

'l'he firat r:1isGion h':"..s been re:::.li~~d i~ coo:-~r::i.tioi: ~;it~: 

th~ !b.tiorl:.l r: :iu:icil for Ge:~er:?:t ::'.Eel !3:_1.ilclin;; :.:o.t e:::-i3J.:::; ' 

Hew Delh.i. - r::li.cli i~ iT1~'"la~~d bJ Dr :::. C. Vir::ve~vcro.J c..s 

Trell c..s rdtil ~!~~ Ce::i~!'!t Research I!1stitute of I'1.cliG. 

their a::s~ :::t'.J..:1ce C.u:-in; the mi.:-sio:10 

I r;ould also like to ex:'resr.> IT!J th~nl:fullness to 

Mr K. Kume.r - ti1e Pro;ram Leeder 2.G r;ell a:> to ~1r-V.1( lu~orc.. 

for Or!;e.niz2tion o.t the mission in o.11 it::; ~cc :iect c. 

It has been •.re-r:-r 1.icefull to realize the misnion in 
ti · .... , w• S Ch ~ . d tt ~ - ' d cooztera on r.-:::.:..1 mr- . a""r.rJee c...~ •.• r .;.;. i.aJen.ra., 

Tlho to;ether ;;i.-th r.i~ visited the cement plantc a.!'ld :;~ve 

me ma.ny U:1efull rerilc.rks. 

I r:ould li!:~ to :::2.;; the coo,e::·:;,tion Yd(;h th~ technic.1!. 

The r.ide e!'ld ~1~e:i !~:10·1,.l~d~e of t!!~::e ::::-ecic•.li:;i.s \"iill 

:::urellJ cont :'i. b·.~t e to im~:-o·m~nt of the 1:orl:: ·J.f c.11 c on.t r:il 
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-------------------------------------------
Vicit.s co·.~lc1 b-. ~rrc..n::;~d to o:LlJ th:'."'~~ ;'.'l~~nt8 

bec.'.J.u~c of the tim~ l~clc a..'1C. com.r:1U~lic.:::.tion difficulti~~-:. 

conclusions dr~~~ ~re li~itcd. 

1. Lc.c!c of :::tc.n~:a.ri.::~.tion of advs_.'1.c~d inztrumento.tio!~ , 

motor control o;=tems , ~rocesc co~trol c~sterno ,q~2lit~ 

cont :-ol ::iy ct ~P."!::- in Inr.ian Cement Pl.:i!lt c. 

Di ff eront t:; ~'!c of mec.zurin; i!l::-1:: !:.""U:i:ent::: , t rc.ucrni tt ~:r·:-, 

controller:: , :'ro;;r8l!UT.a.bl~ lo:i'~ cr;:ttroler::: , X-:·o.~, 

For ~xem~l~ - th~r~ is a ~lant, i:i • J.., 
1.1c.~ tree 

t;r_:ie::: of PLC'c c.r~ used. Th2..t'c ·;;h.J c. lot of ~roblcm::: 

2. Poor mo.intenc.!1ce of com~licated i:'.":ctru:nentc 3!1d r:;::rt~mc 

lil::e qur..litr control t?rste::i , l~c.d:: to poor utili~:ltio:: 

of thi::: s~-!:'.t~r;,::, poor- quclitJ cal:trol o,.."ld hi.:;h 

?reduction co~t~. 

J. ~aitin; tim~ ~or im)orted :~rte iz v~~~ lon~ , it 
ran.;ec fror:i. ; m'Jnth to 2 Je~rs. G'Joc ,1.:1nr..i:i...;; for 

;?rocure:nent i:::: c.dvcnce ic r~qui:-~d. 

4. Man'.tfactur-:r~ ::;e:::~rice I do;;ie~t::.c c...'1d. fore;;:i.n I ia noJc 

~ati:fc.cto:-J c~'1d r;:::.itin; time for til:i.n cervice io lon;,;. 

5. Prevevtive m:.i:lte~c.nce cd in.ctrt:r..i::l1to.tion C'.r.c:. control 

6. Yiei.;;;l1t fi::ec'..~:·::' .f'.Jr rarr mo.terieJ.c , kiln fe~d. , coc.l f~e 1 : 

~Ld cem~~t ~ill feed are not cclibr~t~d in ~om~ ,121tc. 
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8. O'J .;,;~s c;:~y~er• i!1 the kiln inlet do not Tiork beC8.ltCe 
<-

there are ?r::>ble:n~ wit~1 ~:i.s !;::'.m:'lin.:;: !'.,...obc clo.;~i1i;;. 

9. Inclu.stritl TV c~eras oba~rvL1;; kiln burni!1~ zo!!e do 

no 11ork. 

10. f.!:J..!lJ I!lOdificc.tions Of ~"'1.aJ.o_:; C'Jlltrol loo~::; , cont!•ol 

out. ;;hil~ r;iri:;~.;; m:::.n.1 loose e!1d~ left unconr..ected. 

11. i'.lotor C0ntrol Sy::ite.!ls usin~ ~r0~ra.m!!lable lo:;ic controle"!'s 

are su~'li~d via volte~e st~hili~er~ onlJ. Su~~lJ 

volta~e ~ri~c courses malfunction of PLC's ~nd brec.k 

dorm in t:1e Z'lG.nts. 

12. Uninterni~tible :?orier Su:t~lJ for PLC are not u.seC. 

or do !1ot r;orl: ='ro!'e::'lJ. 

13. The st-:>:1:'-:-.-;e~~ of kilns ~"ld 0·~~1~:. .. efit!i~mel-.t:: ._.,_1•e Y"r~· 

fr~.;.i .. l..ent ~.!lc1. r~.I1:" ~n e.vere..~~ b~t1r:e~n 20 - 60 :Jta~,~~:,:··-:~ 

in month. 
Th~ most frequent reasons are: 

- mecl-:a..11ico.l c.nd elec+,ricul ~!'ob~ er!l~ 

14. Kiln stO:':""..~;e!J r:oursed bJ in-::trwnenta.tior. and con:rol 

c1zt~m:; ~c.ilures eJT1ounts to c.:-ro;:ima.telJ 'J, 6% to O, '.);~ 

1earlJ hou1·~ i.m. 2, 4% to 2, 9~-; of differc.nt tr:'ec of 

~robl er.ts I ~orrer nu,,l;r , m~chcnico.1 , el ectricn.l , 

1 inin~ etc. /. 

SU;'.),lied u::-n:.llJ b;y ma.riufe.ctnr·'."!';~ of in~tri'.m~nt:-: CJ1rJ. 

control !":j:t:m~ i~ aveilabl~ in cem~nt ~l~~t~. 
Ur..fortun-:t '!lJ , t!1e:.·e a.re not o:rn.ilc.bl ~ ::' :•ecial service 

m211uuls c .. nd technical document:itio11 for !.'cpnir e.nd 

c..dj ttc.t i~:.::; co~e of the electronic co~trol modulo~. 
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10. Instrument~tior. spare parts store has not all 

indispensc.ble parts and modules. Actual spare rarts 

list is not available with number of ;:>lants. 

11. lriaintenai..J.ce documentation is not carried out in some 

plants. 

B. d.J:;COt.u.iAlIDATIOlJ and C'JNCLUSIOH. 

1. Standariza:ion of e.dva.nccd instrumentation , motor 

control :=;:;:::tP.ms , proce~s control s1stems etc. in 
neu or unJer construction plants anables: 

- to orc;enize part;r stores of :mare pnrt~-

- to orc:::.:1i::e Ce!1trcl. Wcrkchopc rcpc:..irin::; the 

d cr.io.0 0'1 r.10rlul E;:: a."ld inct rume!-:.t c 

- to or;~'1ize centr'J.1 tra.i!'lin; r.ith r·~spcct to 

n1aint en~_'..llC e a..11d. repc.i::-in£;. 

It io a.dvin.:ible to make proper cclcction cf inctrument;: 
and s1stem~ for standar;yzation. 

2. Preventive maintenance schedule should be elaborated 
and implemented in selected cement plants for: 

- bcnic in£trurnentation 

- c.nalo~ control loops 
- r.eic:;ht f c~C.ers 

- motor control s1stem 

- com put er procec::: -;ontrol ~JSt e!Ilc T:i th pcri phcri.-:-.1 

equipm')!lt::; , l..-r8.J fluorc::::cc~1ce c.nalJ:;<.:r etc. 

J. Cc.librntion :e::t of rarr m8.teric:1~ r;eicht fe')dc:-rz , 

kiln feed m:?icht feed~rs, coal floi: meters, ccmc~1t 

mill rrnif;ht fccclcr:::: ::;hould be do!1~ re;ulc.rl;"J· ;;ith 

mc.t cria.1.. F:ir cdi br2.tion t c::;t of !:iln fccc!. r.cicht 

feeders o.!1<1 cao.l floTT meter'J T1it;1 metc;.•ic..l ::-pcci.'..!l 

instc.latio!1:: ;;ith check-rrei:;h bin c..rc nccc~_ ::'J.l'J. 
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4. Calil>ration test!J of t;9.S e.n:tl;y:.crs I o
2

, CO etc./ 

=iced speci8.l cc.li brat ion. 1;2.Se mixture·. Thee 8 teat c ~h0ul 5 

be danc pcriodic~llJ. 

s. Dcmar;ed c..!l'.::'.lo.;ue instruments I rrith precicio:n. clc.c::: I 
chould be repaired CJ me.nufa.ctur t.: service::: or 1 c::;ali=e~1 

central laboratories. 

Other brokc!1 instruments o.nd modules can be repc..ireri 

in the pl:'..nt inst:rumentation T;or~rnh:r. 

6. Suitable type of o
2 

gas anal;y:::er probe at !dln inlet 

side shoulc be installed. 

7. A Good in\~c!'l.t or:; of spare should b<) kept i:i c c-mr~1t 

pl~nt::; to ovcr1ccmc the supplJ d~lc.J a....'1.d lon.:..:; vmitini:; 

for spQrc part::; special~ for motor control ~JntcCTc iFLC/, 
v2.rie.blc cp-ecd DC motors and proccc::: cont.:.--ol ::;~tern~. 

8. Stock itcmc sho1.1lcl be brought und.i:=r minimum level 

maintenance bJ :::tores, rr!lich sho4ld elco prepo.re nctual 

stores me.nu~ for cuch items. 

This Yrould. crcatlJ help in inventor;y control e.nd at the 

same time m".ll~c parts available for equipment me.intenmcco 

9. Motor Control SJstcms based upon PLC's should be 

supplied b;r ::. Uninterruptible Poncr Supply. 

10. For safetr re2.sonc, second copies of control t>rOGramrns 

.. for computercr, PLC'o etc. I floppJ discs, cQcscte recorder 

tapes etc. I ::il1ould be kept in sepc.ratc roor.J. r:itl1 

approprici.te ccnc!ition i.e. temper-:;.ture , humiditJ , 

electromasnctic fields etc. 

11. It ic advi~ible to keep tue fol~oninG reci~ter~ of 

rrorl::c done a.nd documentc br In~t:.>ttmcnto.tion Group in 

Ccm~nt Pl:::.nt;,. 

a./ Inst ru::1~nt :.t ion ~'1d control modificc.tio!1 record 

b/ B1-p~c~ circuitc rc~ist~r. 
c/ Lizt of pc!1.:iii:.s Jobs to be c..tt.-;.chcd duri11~~ Gtnpro.cc. 
d/ !.!c.intc1~0.:1~~ b'Joks. 

c/ Shift 10cbo'Jt. 
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12. The set of the mo st us~ ..:'ull tools a..."ld inst rum en t t! 

for "';he I~l!"trumenta.tion 'ilork!:!1op and for mf'.inten::-.ncc 

ic pre~~nt ed i!'l the Att. Ifo. 1. 

1:. To stre!:~ht the ~!e.tiona.l Council for Cem~nt and 

Buildint; r.lc.t eri~s it is recommanded to: 

el Con~iderable reinforce the automatic::; s~oup as 

well ~~ instrumentations G~oup • Those to be 

devic ~d int 0 the foll or.inc c_~p8.rtr:ient z; 
-In::itrt.1rn~!1·- 2.tion and control loo pa. 

- Uotor Control S1stems b3sed on PLC's. 

- Computer Control S;ystemo /proce~s control GJctm,1!:"/ 

i.e. :~utli t;y Control S1st er.is rri th X-ro.;r spectrom'~t ~r, 

X-r~; difractometer etc. 

b/ Or.:;aniz~ in th~ Cement Reaserch Instituce the 

.follo~:in.:; 1 :".tore.toriec: 

- Irn:rtrum~.nta.tion a!ld t?..!lclo:; control loops. 

- Control ~J~tems ba~ed on Prosrrunmeble Controlcrc. 

- Computer Procesc Control SJstems with Procea::; 

S;rmul~.tor. 

c/ Viidesp:-~c.d the contacts of the NCBM and CRI :Jpeci::i.li:-:t::: 

rrith the modern cement plants in India. 

d/ To train the HCBU and CRI spcciali.otc bJ: 

- ;·1orld!!G in the Instrum~ta.tion Group in c~mcnt 

pl~mt=:i in India organized in th~ tj_mc the CJ::itcr.1::-

a.r~ bcin.:::; installed a...11d ~t:irted ac rrell as 

in th.e modern cement plant::: abroad. 

14. The next stape of realization of the project~ 

Producti vi tJ Improvement throuGh I.lainte.nance of adva.nc cd 

instrumentc and el~ctronic control ci~cuito cho~~d 

concentr:i.t: onto r.-orking out a p:cot:;ram for prcventi vc 

mc.int~nc.:1c 8 CJ St :m e.nd trouble ~hoot inc proc cdu·rcc 

for· the c:!o:::e!! ccm~nt plant a thi::; beint:; dcYided into 

follor.inc c~ouvn: 
- cla.:::i~d i:1:J.f;rLtmentc.tion c.ncl control loopr, 
- C<J!'l['Utc:!.' pr·oce~rn comtrol ~j~tems r;ith X-ro.J 
- ot!~cr o.d 1rn.nced equipment c.!ld cy::;tcrn:; 

/ t~lnoonmunication et~./ 
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and its implemcntetion in the manual version -

- card index SJStem - includinc mechanical. , 
electrical. etc. maintenance. 

It nould also be of interest to inspect an;y of the 
com put e1• sy:-:t1~m for pl'eVt~nti v1~ 111('.in I; ena.nce offered 'bJ some 

leading r1orld firms /F.L.Smidth , Pol;ysius I iP. the 
circumr:it ez ... c or~ h<1inc in India.. 



III. ~.!AH!TEUAl!CE AND TP..OUBLE S!IOOTI!!G 

Mainte.ne.nce is necessa17 for: 
- Extend the useful life of equipment 
- Anssurc :the optimum availibility of installed 

equipment and systems. 
- To ensure instant operational readiness of all 

equipment for emerge.ncy us /stand-b;r units/. 
- To ensure the safety of personnel. 

The total maintenance picture since the repair times 
are usuall;r dependent upon interacting combination of 
followinc factors which determine the maintainability of 
a s;rstem: 

a/ DesiQl I alarms, sygnalization lamps, 
test points, access etc./ 

b/ Human fectors /e.c. skills, training etc./ 

c/ I.ie.intene.nce environment /e.g. tools, test 
equipment, maintenance boxes, 
documentation, service instruction etc./ 

hl~!!!!~!!!~~!!!!z is therefore an attC'mpt to achieve some 
repair time objectives by specifJinG a combination 
of disign and human factors to~cther rlith the maintenance 
philosophJ• 

The time of carrJing out a repair or preventive maintenance 
action at control system and levels is interect to the 
Cement Plants. 
Additionally for Cement Plant the folloTiing arc of interest: 

- Cost:::i of prevrntive mo.inteno.nce /routine maintenance/ 
Cocts of repair /correcti~·e maintenance and 

emergency maintenance/. 
- Costs of SJctem outage or decred service 

/loco of revenue/. 
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The above factors are determined b1: 

- The frcqucncc of failure. 
- The time of repair 

The cost of manpower and maintenance equipraent. 
- The divcr~ity quantit1 and cost of spares carried. 
- Transportation of manpower and spare. 

- The dcGrcc of skill required of the maintenance 
personel. 

The first t~o of these I frequence of failure and time 
to repai~ I are parameters of rcliabilit1 and maintainabilitJ. 

Major subdivinions of the ve.rions forms of maintenance 
shown fibUrc 1. 

I I 
ShCAt- olowa, 
nvu·-.t~Gf' 

I 
- tJ"rla"ncD/ ~,·,,te.~ct 

I 
'BtttQk, rJ~w1 
,..,.,',.~- :,, 

Figure 1: i.!c.jor subdivisions of maintenance. 

Planned and prevcnti ve maint ena.nce practiss in In~:r~rurncntation 
Group in Indian Cement Plants ~re us:.t['.lly :1c.;,;le:ct. 

Tlie.r>e are onl;r corrective maint enanc c and emer0enc:r 
maintene.nce - r;hich mean replacing demaged or bcdly 

norking instruments , transmittero etc. 

The dcmfl:~cd modules are onl;r sometimcD repaired in the 
•workshop in cement plant or in the central rrnrkzhop. 



It happens often that those parts are by cer.rin0 out this 
repairs completly dcmaoed I kanibalized /. 
It is bec1use of lack of service documentations as ~ell uz 
special maintenance equipment which anabl~s searching 
for damager e.nd repairs the damaged modules. 

It- is offen the- case , when lacl': of spare po.rte leads · 
to the modifications into th! short circuits in the control 
systems to be inserted to enable the plant to '\101·~:. 

These " BJ-passe:G" ma;;- in certain circumstenccs course 
dama.f;es. 

Figure 2 indicate the balance bet~een corrective and 
preventive me.int cnru1c e. 

TotClfl ~.i.~~ 
~f.s. 

Mca.,'9ouYS of 
~----------------~p,.eve1th:"a ""-'•ft"'"'qi. 

Figure 2 Tha balance bctHcen corrccti ve and 
preventive maintenance. 

The incrcscmcnt of preventive maintenance costs leads 
to decreasemcnt of corrective maintenance , olthouch the 
totel i u inteucnce costs increase r;hcn the prevcnti vc 
maintenance costs arc being increased to much. 

Preventive maintenance activitie are of four types: 

1. The. rebUlar care which involves 'Cleaning , checkinG, 
oilinc, adjunting etc. 

2. The prevca-t;i v~ rcple.c cm!?nt e.nd n~plic.c to the incrco.cil1G 
failure rrrt c ::;i tuation associa.t cd r;i th \"1eo.r out. 

J. Identification of dormant faults. 

4. Identification of degradation failurca. 
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Regll).ar measurements , aimed at identifJing parameters 
which are driftinc tonards the limit of acceptable 
performance , could result in preventive replacement of 
the affending component before e failure occurred • . 

Maintenance philosophy is consideration of the factors: 

- l1iaintenance procedure. 
- Tools and test equipment. 
- Personnel selection , traininG and motivation. 
- Maintena.~ce instructions , manuals. 
- Spare provisioning. 
- Logistics. 

~.~~f~1£~~££_EE2£~~~E~· 

Effective error-free m~intenance carried out in minimum 
time is best achieved if a logical and formal procedure 
is followed on each occasion. 

This procedure must consist of the following main parts: 

- Making and interpreting tests. 
- JsolatinG the cause of a fault. 
- Adjusting to ensure optimum performance. 
- Part replacement. 

The level of fault identyfication determines the extent of 
the diaGnoeie and in electronic instruments and circuits 
a number of procedures are used: 

a/ Stimuli- rezponce, where the response to chances 

of one or more parameters is observed. 
b/ Parameter -:hecks. 
c/ SiGnal injuction. 
d/ Functionell isolation. 
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Having isolated the fault a number of repair methods 

present themselves: 

- Direct replecement from store. 
- Cannibalize from non-essentie.l parts. 
- Self-repair , i.e. failed unit adapts. 

Depending upon the circumstances and location of a unit 
or a system , a corrective repair maJ be carried out 
immediately that a fault is signalled,or, on the other hand 
repairs maJ onlJ be carried out at ref;Ular intervals 

I stand-by unit /. 

The follor.int; are a feT; of the main requirements of" 

teot c;;ear: 

- SimplioitJ -~asy to use. 
- Standarization - the minimum number of types recuce 

the training. 
Reliability - a test equipment failure can rezult in 

a system failure. 
Maintainabilit;r - easy to repair. 

- Replaceability - easy to chanGe a parts. 

Four man~or.er c9nsiderations influence the maintainability 

of equipment: 

TraininG ;iven. 
- Skill level employed. 
- f,lotiYation. 

- Qua.nti tj· of perconcl. 
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&\. l.laintena."lce Instructions. ------------------------
The most vital repair tool available to the encineers 
and technicians is the maintene.nce manual. 
It must be accure.te a.r:2 complete for each t]'pe of instrumentc 

or SJ'Stems. 

The main use of the manual is an aid to diaGnostic for nhich 
it should out line a locical. sequence of tests necessc.r-J 
to identify , b-J a. process of elimination , the causes of 
a malfunction. ~.l~srever possible • procedures should be. 
self-checking. 
This types of cervice instruction are not available usuallJ 
in cement plants. 

~£!!~~~-~~~£~_£!~GE~~ assist in the process of fault 
findinc by providint; a logical illustration of the checkinc 
sequence. 
Illustration of booth correct and incorrect conditions 
speed the ~roces~ of fault cause recoGnition. 

Other features of the manual shou:d be o..n out-line of 
alignment and adjustment procedures. 
This types of service instru~tions a.re available at 
manufacturers services but often not suppli~hith instrumentatio•s 
and systems to the Cement Plants. 

In the case , uhen it is possible to repeir the 
instrument in the Instrumentation 'uorlrnhop in Cement Plant 
the instructions r.ie.y be delivered by se-rvices. 

The amount of spareG to be provided , which iG related to 
the risk of a stock out , requires the st~tistico.l distributio 
of the failures to be kno~n. 

The follonin:; Main considerations applyinc to spare 
provisioninc. 

- Fc.ilore r::ite - determine quc.nti ty required. 
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- Protability of stock out - fixes level of spares 
in instrumentation store. 

- Cost of spares. 
- Repeirin; spares. 
- Stan1arization. 

- Avai.J¢6ili t:r. 
- Localiz~tion of spares: 

• central depot 
, small local /instrumentation/ depot. 

LoGistics is concerned with the time and affort involved 
in trnnsportinc:; nmnpor;er , equipment and spa.re to their 
place of epplication in o~der to c~rr-1 out mc.inte~c.nce 

actions. 



.• -

- 2'1 -

C. VISITS TO CEMENT PLA.1TS. ---------------------------
~. SHREE CEMENT LIMITED 

BANGUR NAGAR - BEAWAR (RAJASTHAN) 

Shree Cement Limited located at Bangur Hagar -

Beawar. Rajasthan was commissioned in April 1985 and 

produce clinker by dry process using the precalciner 

system of F L Smidth Denmark. The plant is single line 

of one kiln designed to produce 600,000 • tpy. The 

utilisation factor of plant from January to October 1986 

more than 120%. Progrannable Coatrollers. alarm 

annunciation Systems. weigh feeders, field instruments 

and monitoring Systems have been supplied by F L Smidth, 

Larsan & Toubro, ASEA Limited and A B Controls etc. 

The informations gathered during the visit is attached. 

The plant has used appropriate instruments on 

the basis of actual requirement and not used Complicated 

System in the plant except few analog control loops in 

Rav Mill, kiln and Cement Mill sections. For sequencial 

control, interlocking and fault monitoring system the 

plant bas installed Programmable Logic Controllers at 

Stacker, reclaimer, raw mill1 kiln aad cement •ill section 

for plant equipment •. However. the Packing Section has 

less instrumentation and control equipment~ Sequencial 

Control of drives is done by relay logic systeJ11. 

All D C drives and weigh feeder panels of the 

plant have been grouped up and kept in completely air 

c::>nditioned rooms along vith Programmable Controllers, 

since they found it convenient to analyse any faults 

wheoeTer the panels behave erratically. 
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OBSERVATIONS AND PROBLEMS: 

1. Reclaimer and stacker Programmable Controller'~ 

Rooms are not air conditior.ed. Incre~se in 

temperature and dust concentration inside the 

Panel can cause malfunctions or internal failures 

of PC Components. 

2. Level measurement S}Stem at raw materials 

Hoppers are not installed. 

3. Mechanical vibrations in Ra~ Mill and C~ment Mill 

Local Control Room and Motor Control Centres are 

too high, which may cause malfunctioning in 

future. 

4. o
2 

gas analyzer in the Kiln inlet is not working 

properly because of problem with gas san~ling 

device. 

s. Lack of standarization of the Control philosophy 

differences, three types of PLC's & w~igh 
feeders are used in plant. These poses a big 

problem of inventory of spare parts. 

6. Analog Control loop for diff~rencial pressure 

of the Roller Mill contro~led by total Raw Mill 

feed is not working satisfactorily because 

of the transportation delay. 

7. Lack of coal solid flow meter or equivalent 

equipment for measuring coal feeding to the 

kiln. 

8. Lack of important spare modules for Prograinmable 

coctrolers i.e. Central Processor and Memory 

etc. 
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Lack of continous sampling devices in following 

Sections : 

raw materials before prenomeogenisation 
piles. 

raw meal after ~oller mill. 

Cement from the Mill. 

Lack of Laboratory Automa·:-:.ion System with X-Ray 

Spectrometer for quality control. 

The plant has well equipped Instrumentation 

Workshop with tools and maintenan~e equipment. 

12. Good maintenance of instrumentation and controling 

d~vices are being carried out. 

13. Kiln down-time by reason of instrumentation and 

control equipment failures amounts to approxi

Mately 0.6% yearly hours for 10 months from 

Jan to Oct 1986. 

14. Packing Plant has less instrumentation and co~trol 

equit=ment than normally provided. 

15. Electrical power supply is not continuousr 80% 

power cut from Rajasthan State Electricity 

Board. 

t6. Scarcity and unavailability of w"\ter. 

17. About 80% analog control loops are usually working 

in Automode position. 

18. Common grounding is used for PLC & Electrical 

Equipment. 
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RECOMMENDATIONS : 

1. Air Conditioners should be installed in Stacker 

and Reclaimer PLC Central ro011s. 

2. Continuous Sampling devices should be installed 

for extracting and preparing representative 

samples from the raw materials. 

3. Automation Laboratory System should comprise of 

sample preparation equipment and on-line X-Ray 

Analyser for controlling the raw meal and Kiln 

feed and also quality improvement. Q C X System 

or equiTalent is recommended. 

4. A good inTentory of spares should be kept to 

overcome the supply delay and long waiting for 

.spare parts and modules df PLCs. variaQle ~peed 

O C drives and other equipment. 

s. For safety reason, second copies of control 

program of rrc;r~.=mable Logic Ccntrollersshould 

be kept in separate room with appropriate service 

rondition i.e. temperature. humidity and 

electromagnetic fields etc. 

6. Coal feed weighing or equivalent system (preferably 

loss-in-weight type) for measurin~ coal feed to 

precalciner and k.iln should be in,5tall.ed subject 

to availability of space. 

7. Analog Control loops for differential pressure 

of the roller mill is co~trolled by total raw 

materials feed and cement mill filling is 

controlled by total cement mill feed. These two 

analog loops should be modified to overcome 
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transportation lag and the experience from 

other plants shows that the folaphone signal 

can be better utilised only as on over riding 

control or in adaptive control mode. 

8. P I 0 Controlled parameters should be adjusted 

and checked within normal working condition. 

9. Suitable type of o2 gas analyser pt:obe at kiln 

feed side should be installed. 

10. For detection of minimum limestone level in the 

concrete crusher hopper. They can instaL 

E C I L Hyderab~d Make Gama-ray type level 

measurement system witb electronic relay & 
inter,.oclting system. 

11. Programmable Controllers grounding and Electrical 

power groURding should be separate otherwise the 

P C would be exposed electrical noises and 

leakage currents that may be present in building 

structure and even electrical conduits. 
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TECHNICAL DETAILS : 

1. Instrumentation and Control Circuits : 

a/ Instrumentation 

All standard measuring points and instrumentation 
recommenued by F L Smidth are working properly. 
Some of them were supplied by F L Smidth & Indian 

parties which are working properly except one or 

tvo. 

b/ Analog Control Loops 

In Shree Cement Plant used relatively low number 

of analog control loops with PID conventional 

controllers. 

Raw Mill contains - three analog control loops, 

Kiln and arate Clinker Cooler - twelve control 
loops, 

·cement Mill - three control loops, 

Coal Mill four control loops• 

List of analog control loops is given in Annexure I. 

c/ Drives control ;xsteni 

For the sequence of starting, stopping, inter

lockJ ng, time delay etc in the Shree Cement Plant 

have used Programmable Lo~ic Controllers (PLC). 

Motor Control system is decentralized and 

divided into the following parts J 



• PLC 1 

P!:C 2 

PLC 3 

PLC 4 

PLC 5 

PLC 6 

PLC 7 

There 
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Stacker 80xD/0-24 v DC I 48xD/0-24 v DC 

Reclaimer 72.xD/I-24 v DC I 56xD/0-24 v DC 

Raw Mill - 128 t/o 
(C.F. Silo) - Controlled Flow of Silo 

Kiln, E.S.P. and G.C.T. 
(Kiln, Electrostatic Precipitator and 
Gas Conditioning Tower). 

Clinker Grate·Cooler, Coal Hill and 
clinker transport 

Cement Mill 

have used 3 types of the PLC' s: 

PLC type 2/15 from Allen & Biadley (PLC 1 & 
~LC 2) 

PLC type MP 160 from ASEA (PLC No. 3, s, 6, 

PLC type S T I from Texas Instrument (PLC 4) 

These PLC's'have different types of the digital 

inp~ts and outputs module such as: 

Digital inputs 24 V DC or 48 v De· 

Digital iap11ts 110 V AC 

Digital outputs 24 V DC 

Digital relay outputs. 

7 

Each of these PLC's have different types Programming 

Devices programming language and hardware structure. 

Programming Devices (terminals), which can be used 

for the introductory programming, documentation 

to the installing, subsequent updating and 

trouble shooting are f ollo-.fing 1 

Intelligent terminal with external cassette 
tape recorder for the All.en & Bradley 
.t'LC 2/15 

- Universal Master Aid 214 - intelligent 
terminal with SCR and 2 Floppy - disc drives 
320 k bytes each for ASEA PLC 2/15 
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Simple packet terminal without external 
menory for 5 T I sequence (Texas Instrument) 

d/ Power Supply : 

Very bad power supply condition in Shrea Cement Ltd. 

Forced application of constant Voltage Stabili-
• zators to correct Voltage Fluctuation and isolating 

transformers for supply the Motor Control Systems 

and other equipment Electronic back-up power 

supply· for ~LC's and outputs signal (external 

power supply) is installed there also. Uninterrupt

ible power supply system is not used there. 

e/ Grounding 1 

Grounding system coaunon~for all electrical equip

ment instrumentation and PLC's control system 

has 1 to 2AiJDpedance. 

Maintenance : 

Docwnentation 

a/ Hardware documentation : Instrumentation group 

has all documentation, supplied usually by manu

f~cturer of instruments and controlling _equipment. 

Unfortunately, there are not available special 

service manuals and technical documentation for 

repair some of the transmitters, electronic 

control boards and PLC's modules. 

b/ Connection to be process documentation : 

This documentation supplied by designers or 

manufacturer ioplant is complete and good. 
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c/ Software documentatioa : Listings of •otor 

control programs with comments to both A & B and 

ASEA's PLC's are available there in Ladder 

diagrams·or list form r~presentation. 

ii/ Tools, maintenance equipment & spare parts 

iii/ 

Shree Cement Limited is well equipped with main

tenance tools and instruments etc. which are 

necessary for corrective and preventive 

maintenance. 

Instrumentation storage has many spare instruments, 

indicators, sensors, modules etc. as well as 

electronic and electric components which are 
necessary for repair of damaged instruments and 

modules. 

However, there are not some very important spare 

module for the PLC's and other complicated 

coDtrol equipment. 

Preventive and corrective maintenance 

It was possible to see in the •Preventive main

tenance records• and other Instrumentation Group 

Documents, preventive as well as corrective 

maintenance have been given in accordance with 

maintenance philosophy. 

List of kiln outage hours due to power supply, 

mechanical, electrical, instrumentation etc. 

problems shown in Ailnexure II. 

- I -
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lc.b~ 1 BREAKIX"HN DURING J WU ARY - OC'roBER 19~6 
.. 

~AN Al.Y-$1 S 0 F KI 18 . -

Ml!'C!ren tc~l Electrical Tot 31MQr1-,;hs 
Month 

Power Instru.rnent Other 
failures Problems P d:>l • Problems r~f racTstop~gehours r ems 

(h) (h) (h) (h) torr etdh} 
h) 

1.06 298 13,50 0,66 16, 16 50,68 379 744 

~ --- -2.86- 24, 33 72,42 6,50 3, 33 20,08 126,66' 672 

3.86 0,83 33.o 3.e3 5,08 210, 18 25 2,9 2 744 

4.86 11, 17 28,08 17,9 2 5. 25 5'1,88 113, 3n 720 

s.06 6,75 40. so 8,75 10,59 83,75 150, 33 744 

6.86 8,75 31,92 15,42 1,92 24 ,82 82,83 720 

7 ,86 4 ,92 39 ,4 2 5,50 o. 33 122,83·· 173,0 744 

8.86 11.83 9,66 o.so 21, 76 43, 73 744 

9.86 5,42 4.50 s.oo 2,08 378 '58 398,58 720 

10.86 19,48 63,33 10,08 1,42 67 ,69 162 744 

Total 391,48 326,67 86,32 46,65 1031, 25 1882, 37 7296 

Kiln ru1 factor = 74, 2" 
Power-f Supply problem - 20.8% total stoppage 

Mechsnical Problems - 17 ,4% " " 
Electrical " - 4.5" " " 
Instrumentation " 2.5% " " 
Other (refractory etc)"- 54.8% " " 
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2. NAIMADA CEM~T a> LTD 

JAE AAl3 AD ( GUJ /\.RAT) 

Clinker.is a ti on Uni t of Na.DR ada Can en t Co Ltd is 

located at J af rabad Gujarat.· at di stance of 160 km from 

Bhavnagaro' The plant is single line dry process kiln with 

Fuller Flash Calcint r designed to pr:oduce 3000 TPD Clinker.' 

X-RaY Analysers, weigh Feeders, alaIJn annunciation systesns ha 

field instrurnents and monitoring systsns have been supplied 

by Fuller Co us~I Diano Coi:poration,Mertick•' Schenck,1 Sie.mens 

AGI Taylor, Leeds & Northup and Teledyne etc. The infonnations 

gathered during the visit is sho'rtl in attachment.1 

The plant has A/c Centralised control room for 

Raw Mill, Blending & homogenising,1 coal mill and kiln sections. 

For sequencial control, interlocking and fault monitoring 

system, the plant has used sienens Control systerns~1 

The pl2Jlt has installed on-line and off-line 

X-RaY Analysers near homogenisation silo and in Chsnical 

Laboratory respectively. 

All D c drives control panels and MCC panels 

(M-systsns Si-=tnens) of plant have been grouped up and k~pt 

in one room, since they found it convenient: to analyse ePY 

faults· .J"ienever the panel3 behave erracticallyo 

conunon grounding system is used for X-RaY Computers 

and other Electrical equipnen t of plant. 
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OBSERVATIONS & PRJBLEl'tS I 

1. 

4.· 

5~' 

a •. 

Almost all Level me asu reJDen t instruments do not 

lit> rlc.. 

Though the raw materials ~gh feeders ( 2 x Limestone, 

2 x cla.Y and ix corrective material) are not 

callbrat~ pe.rfo.cma.nce ±s stable.1 

Vibration measuring equipnentsfor roller raw mill 

and coal mill are d~aged.1 

-
Kiln feed solid flow meters are not calibrated. 

Coal feed solid flow meter to mill and precalciner 

are also not calibrated 

o2 gas analyzer is not calibrated.' 

C C T V ~not function properly. 

Central Control Room -=!.'.'ld Motor Control Centre is 

located near production lin~; Dust can cause 

malfwiction or failure of electr:o-mechanical inst.r;u

men ts Uk e recorders, telet::r-pes , pr':ssi ve 

transnitters etc. 

On-Hne X-RaY analyzer with comp1.1ter is locat.ed under 

homogenization silo in a special room.' Around this 

place is a lot of raw me al dUst. .,j\ich CeJl cause 

mdlfunction or failure of equipuen t.4 

10.1 On-Line X-RaY analyzer is defective i.e.1 X-Ra.Y tube 

is danagea.· It was in operation only for 863 

.....orking hours. 
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11. On-Line process computer for raw mate.rial proportioniI.i.g 

is connected to the process(weigh feeders and set 

point station) and it has not yet been cx:>mmissionede' 

12• Automatic;• continuous sc10pling device for extracting 

sanple of raw meal dcc not w:>z:k.. -

13~' OFF-Line X-raY analyzer is dcl0a9ed (flop:)y-di sc 

controller and safety circuits of X-Ray tube) in 

Febroary 1986. X-RaY tube was under operation 

only 1710 hours from 1983~ 

14. Sanple prep~ration equipnent for off-line X-RaY 

analyser are out of order.-

1s~: Off-Line x-raY analyser is switched-off vecy often 

(every daY). This can be the cause for the too 

early danage of X-RaY tube and inaccuracy of results. 

16. X-RaY analyses and conducted directly after Switching

on the equipnent without waiting for the \..Orlting 

parcflleters to stabilize. 

17. Preventive lllaintenance of inst.rt:nentation; automation 

equipment," computers and X-RaY spect.roraeters is 

neglected• 

1a. Actual Spare Parts Li st of c>Utoraation equipnent 

is not available L.., the plant. 

19•' Waiting time for imported replacement parts is very 

long, it ranges from 6 months to 2 years. This 

requires good planing for p.r:ocureme~t in advance. 

20. Servicing by fOreign manufacturers is not sati sfacto rlr 

and also waiting time for this services is long. 

21~ LacJc of many important. spare instrumentation equipment 

and spare modules. 
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Reconunendation and suggestion 

1.1 Level measursnent instruments should be repaired 

or replaced by new. Purchase of new types of these 

equipnent made in India has been recommended citd details 

given to plant autho.ritles.' 

2.' Vibration measu.ring equipment for roller mills and f~'ls 

should be installed. This type of equi:pnent from 

Carl Schenck W. Geuncily 

cement plants. 

well in other 

3. Calibration tests of weigh feeders and solid flow meters 

with material should be conducted periodically. Recommende 

material 03.libration period is 1 to 6 months depending 

upon the stability of these equipnent. For this calibratio: 

test it is necessary to calibrate weigh bridge (raw 

material) or weigh bin. 

4. Purchase of standard calibration gas for calibration 

of o2 gas an aly:zer is recommended. This calibration 

sho\!ld be done every few weeks. 

s. In central Con_trol Room should be kept pressurised 

which is cbn e by w:>rking ventilation and air con di ti.oner 

units. Air fillers in these uni ts should be frequgitly 

cleaned.· 

6. On-line Raw Mate.ti als proportioning systsn wL th 

on-Line spectrometer for quail ty improvgnent and 

reducing energy costs should be commissioned at the 

earliest.' 

Steps to be taken for this are followlngs 

a) On-Line X-RaY analyzer Sys;;.sn 

Check earth ground systsn. 

Check p:>wer supply systsn :fbr On-Une 
x-Ra.Y analyser and PDP8M Computer 

Check air con di ti on ers 

(Plant) 

(Plant) 

(Plant) 
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(Plant) Check volume systen 

Maintenance of Nater 
with heat exchanger. 
is requi red. 

closed circulatory systsn (Plant) 
15 litres of distilled water 

Maintenance of Continuous sanpling device 
to and £rem xa:; Selllple prePai:ation apparatus 

Maintenance of ASR 33 teletype 

- Maintenance of PDP 8 M computer & Standard 

Hardware tests of computer and pe.ripheri al 
equipnent (Plant or Service)• 

.Repair of X-raY analyzer (Diano or Fuller) 

Restart of on-Line X-RaY analyzer systen 
(Service) 

b) Process COmputer POP 11/34 and P.-1P Systen. 

Check g roWlding 

Check power supply 

(Plant) 

(Plant) 

Connectio:':l computer process interface to the process 

4 analog inputs - raw mi 11 -weigh feeders 

4- analog outputs - set point Stdtions {Plant) 

Maintenance of PDP 11/34 pe-ripherial equipnent 

L A 36 Decwriter 

V T 100 Descope (Plant) 

Maintenance of PDP 11/34 cornputP'r 

_(Service + Plant) 

- Hardware tests of PDP 11/34 configuration 

(Service + Plant) 

CPU, rneno ry, clock, peripheri als,- disc, input/ 
output sy stsn. 

- Check teletransnission line between 
PDP 8 M ar.d PDP 11/34 computers (Plant + service) 

Loading the R-!P System prograns and starting-up 
the Systan. (Service) 

Cautions 1. It is necessary to check if R-1P systEJU is universal 
and can be operated only with ttoie components. 

2. On-Line X-RaY analyzer should be operated 
non-stop and the helium atmcsphere should 
be maintained in the head at all times,' even 
during plant shut-do\4191 
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7. OFF-line X-Ray Analyzer 

For normal operation of Off-line X-ray sDectrometer and 
automation laboratory system following jobs should be 
done: 

Caution: 

Sample preparation equipment like fine grinding 

mills and hydraulic press should be repaired or 

purchase new ones. 
The best are from Herzog Company, W.Germany 

HSM 100-fine grinding mill and 

HTP 40-press 
advise to use one vibration fine grinding mill only 

for one materiel. 
New sets of calibration samples for Limeston~, Clay, 

Raw meal and clinker should be done. Chemical compo

sition of these samples should be determinated by 

two inde;>endent chemical laboratories. 

X-ray spectrometer should be re~dired by m3nuf acture 

service 

Ndw calihrativn of X-ray analyzer should be performed. 

X-ray specialists from Cement Plant should be trained 

on X-ray spectrometer technique. 

X-ray spectrometer should be switch-on continuously 

and operated non-stop by laboratory. 

8. For extracting representative saMple of raw meal and 

kiln feed for off-line X-ray analyzer installation of 

special sampling devices is recommended. 

The best point for this is between screw conveyor and 

air slide in raw meal and kiln feed transportation system. 

Screw sampler from Polysius Company, West Germany can be 

installed in this place. 
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9 Cf f-line X-ray spectrometer can be connecteJ to 

process computer via teletrausmission line and used 

like an on-line x-ray analyzer in the raw material 

proportioning system. For this make necessary small 

modifications in hardware and sof t~are of the of £-line 

X-ray microcomputer and install teletransmission line 

between off-line microcomputer and PDP 11/34 process 

comouter. 

10 Two-colour ratio pyrometer should be installed at 

kiln hood for measurement of material temperature 

in burning zone with ~ater and air cooling system. 

It will help in monitoring and better control of 

burning zone of kiln. It is recommended to procure 

Land pyrometer (L&T) or Siemens AG (Siemens !ndiu). 

11 Inventory of instrumentation and automation spare parts 

should be done and stock items would be brought under 

minimum level for maintenance. 

12 Preventive maint~nance program for instrum~ntation 

and computers and X-ray spectrometer should be elabo

rated. 



A 

- 38 -

NARMADA CEMENT CO LTD 
JAFRABAD 

TECHNICAL DETAILS 

RAW MILL PREPORTIONING SYSTEM WITH X-RAY 
ANALYZER AND ON-LINE COMPUTER 

The system performs continuous automatic control 

of the proportioning of the 4 raw materials to 

raw mill. 

A continuous sampler equipment extracts raw meal 

at the entrance to tha homogenisation silco. The 

extracted material is transported by sample 

transport system to the XE sample presenter 

apparatous. Sample feed rate is about 130 cm3/min. 

in every 15 min. x-ray analyzes the sample and 

sends to x-ray computer. 

The X-ray computer calc'l:llated '\·ia calibration curve 

the following oxides s 

This results are transmitted by teletransmission 

line vith 1200b dsspeed to process computer. '!'he 

computer compares the actual chemical composition 

of the produced raw meal with wanted chemical 

composition of ~he kiln feed defined by possible 

target values like a1 

LSF j HM j SM &: AM in Kiln Feed 

C3S i c2s i C3A j C4AP i Fe203 and MgO in Clinke 

In the some time process computer need following 

input values : 



... 
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Bin Oxide composition 

Blender Oxide composition 

Analog value from weigh feeders 

The~e two first composition should be obtained 

through analyse of bin and blender materials on 

off-line analyser. 

The set-point positioning of the weigh-feeders 

is made on-line by the computer. 

The results from the calcclation of raw material 

proportioning pre printed out on a Decwriter. 

Figure 1 show general view of RMP system 

Figure 2 show on-line x-ray analyser configuration. 

Configuration of en-line x-ray analyser is 
following : 

DTM 1088 X-ray Emission Gauge continuous X-ray 
analyser from Diano Corp. USA. 

H.T. Generator 

PDP SM small computer 

ASR 33 Teletype 

Helium system 

Water beat exchanger 

Power supply - NEEL Voltage stabilizer 8 KVA 
and .E. voltage stabilizer 1,s KVA., 

Configuration of process computer is following : 

PDP 11/34 computer (DEC) with 128 K Byte RAM 
MOS memory 



-----............ 
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Back-up battery for MOS memory 

Two 5.0 MB removable disc (type RLOI) 

Real-time clock 

LA 36 Decwriter 

VT 100 Decsccpe 

Process interface : 

16 Analog inputs 

4 Analog outputs 

Power supply - NEEL Voltage - stabilizer 8 KVA 

OFF-LINE X-RAY ANALYZER 

The X-ray spectrometer determine. the relative 

amount of 8 elements simultaneously. The 

intensities are transferred to a micro

computer and calculated concentrations are 

p~inted out on the X-ray ~onsole. 

Technical data of Diano Automatic X-ray system 

type XRD-8500 

8 Channels : Si02 ; A1 203 ; CaO · t1g0 • 
I ) 

K j Na j so3 

Microprocessor control 

Microcomputer with two flopFy-disc 

Sample presentation system - pneumatic 

X-ray tube with Cr anode (SOKV1 40mA) 

Flow d~tectors (gas A Mn) 

Vaccum in analyzing chaJJtber 



c 
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EARTH GROUND 

Grounding impedance is common for all electrical 

equipment raw material proportioning system and 

X-ray analyzers and has 01 3 to 0,4 ohm • 

MAINTENANCE OF INSTRUMENTATION AND COMPUTER 
SYSTEMS WITH X-RAY SPECTROMETERS 

Documentation : 

Instrumentation group has all technical docu

mentation supplied by manufacturers of instru

mentation, control equipment, computers and 

X-ray spectrometers. 

ii/ Tools, maintenance eg~ipment and spare parts 

iii/ 

Instrum~ntation group is well equipped with the 

tools, instruments and measuring equipment ete 

which are necessary for corrective and preventive 

maintenance. 

Unfortunately, some of these instruments are very 

eicpl..oqred and there are not a lot of important 

spare parts. There -·~5 not available actual 

instrumentation spare part list. 

Corrective and preventive maintenance 

Preventive maintenance in Narmada Cement Plant 

is poor. There are not preventive maintenance 

program, and only corrective maintenance and 

repair it's done. 
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NARMADA CEMr:NT CO. L1D 

JAFRA BAD GUJRAT 

Name: of the persons p3rticir-ated ir discussions: 

I& From ~armada Cement Co. Ltd. Jafrabad. 

1) Sh S.P • i.;air 

. 2) Sh 'l.K. Budhwar 

3) Sh V.M. rrene 

4) Sh H.S. Patel 

5) Sh P. Modi 

6) Sh s.v. Vikh~ 

Ill From MCS 

1) Sh .s. Chaterjee 

2) Sh Rajendra Singh. 

III I From UNIDO 

Mr. J. Konieczny 

- Gener.al Manager (Works) 

- Manager (Engineering) 

- Manager (Production) 

- Dy ''ana2er (Works) 

- Dy ?-~an ager (E& I) 

- Instrument Engine~r. 

- Expert in Maintenance of 

Advanced Instn.iments and 

Electronic Control circuits. 
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Programme of activities during visiting: 

1. Appointment with General Manager, Production Manager, 
Dy Mgr Electrical & Instrumentation and Instrumentation 

·Engineer. 

2. Acquainte~ with production line, machinery. power supply 
system and Motor control center. 

Acquainted with instrumentation. analog control loops, 
raw material proportioning on-line system, off-line 
X-ray spectrometer and organisation of Instrumentation 
Group. 

4. Technical discussion with Instrumentation Engineer 
regarding the details of maintenance of instrumer-tatlon 
and control equipment as well as X-ray spectromet~rs, 
computers and peripherial equipment. 

S~ Lecture on the subject of X-ray spectrometry, quality 
control syste . .is and maintenance of this equipment. 

6. Final discussion with officials Narmada Cement Ltd 
basic on observation during visiting the plant. Sugges
tions and recommend3tions conserning with maintenance 
and purchase new equipment, instruments and starting-up 
on-line Raw Mix proportioning system and utilization 
of off-line X-Ray spectrometer. 



3. ACC - GAGAL CEMENT ~RKS 
BA~MANA (HIMACHAL PRADESH) 

ACC - Gagal Cement Works is situated at about 

18 Jan of Bilaspur Distt (Himc:chal Pradesh). The plar.t 

is single line &i one dry process kiln with MFC calciner 

designed to produce S.6 lakh tonnes per year cement. 

Prograrm1able controllers, alar.n annoneiatien systems, 

weigh feeders, field conventional instruments monitoring 

equipment and uninterruptible po~er supply systens have 

been supplied by Debikay Electronics (Allen-Bradley), 

Siemens, ECIL, Jons0n & Nichalson (Karl Schenck), 

Instrumentation Ltd., Larson & Toubro, Toshni~al and 

NEJ .. co. The important information gathered during the 

visit sho~~ in attachment. 

The plant has A/C Centralized Control room for 

raw mill, blending and storage, coal mill, kiln, 

clinker transport and canent mill etc. All programmable 

controllers, DC drives and uninterruptible power supply 

system panels of the plant have been grouped up and 

kept in centralised panel room. I/O rack of programmable 

controller and weigh feeders panels also h"ive been 

grouped up and kept in different A/C room:; near to the 

different sections, since they found it convenient to analyse 

and rectify any faults whenever the panels behave erratically. 

Fer crusher, SIMATIC-C 1 has been used for sequencial 

starting and stopping and SIMATIC-MS3 system for fault 

monitoring. For other sections of the plant Allen-Bradley 

Programmable Controller- 1774 System has been used. 
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Instnaentation at raw mills and cenent mills is 

very poor and plant does not have any control loops. The 

kiln section comprising preheater, precalcinator (MFC), kiln, 

grate cooler and coal mill has been instrumented along with 

analogue control loops using PI Controllers. 

1 

1. 

OBSERVATIONS 

Many instn:rnents in Central Centro! Rocm do 
not work. 

2. Lack of proper instrumentat::.on. Many modifications 

of analog control loop, ccntrol systen and instru

mentation equipment have been carried out. While 

wiring many loose ends are left unconnecte~. 

3. Nuclear weigh feeders do not work satisfactorily" 

4. New schenck weigh feeders for kiln feed and 

coal feed have not got provision for calibration 

test with material (check-weigh bin connected 

with weigh feeder for calibration testJ. 

S. Kiln feed weigh feeder dosing valves of electrical 

actuators do not work proper! y. 

6. TV camera of burning zone o\o not ~rk. 

7. Lack of two colour pyrometer at burning zone. 

e. Lack of analog control loops at the Raw Mills. 

9. Raw mills and cement mills are controlled by 

mill operator only by local switches. 



10. Uninterruptible power supply for PC Motor 

Control System is not working properly. 

11. PLC motor control system for the Csnent Mills 

and Packing Pl ant has not yet been commissioned. 

RECOMMENDATIONS AND REMARKS 

1. Nuclear weigh feeders should be replaced by 

conventional normal t:ype. 

2. Electrical actuators of kiln feed w.F. should be 

replaced by either hydraulic or pneumatic 

linear type one. 

3. TV .:amera to kiln burning zone can be put into 

operation after carrying out suitable modifica

tions in brick lining in kiln hood and camera 

system should be repaired. 

4. Two colour ratio pyrometer to measuring kiln 

burning zone temperature should be in~talled 

5. Analog control loop for total raw mill feed 

controlled by bucket elevator load with correc

tion from acoustic level, is provided but not 

installed and should be done at the earliest. 

6. Uninterruptible power supply for PC motor control 

system should be repairi::.d and put on normal 

operation. Though presently voltage stabilizer 

is there, the same is not able to control when 

the voltage fluctuates beyond + 10% which normally 

is the case in this plant. 



7. Preventive maintenance schedule for instru

mqntation and control system -should be elaborate 

and implE.:nented properly. 



-so -

ACC GAGAL CE.'Hl~T WORKS 

BARMANA (HP) 

TEC-INICAL .DETAILS : 

A MOTOR CX>NTROL SiSTEM 

Centralised motor control system has 4 programmable 

Controllers from Allen & Bradley (type 1774-RP3) and divided 

in following parts : 

PC "A" 

PC "B" 

PC "C" 

PC "D" 

Raw Mills 

Homoaenization Silos, Kiln feed 
and kiln 

Coal mill and clinker cooler 

Canent mill and packing plant 

These PC's are installea in Central Control Room. 

PC" A" has 8 k bytes core manory and 7 ranote 

rack I/O scanner modules connected to CPU by 
teletransmission line. 

PC"B" has al so 8 k bytes core manory and 7 
I/O racks modules. 

PC"C" is ~quipped with 4 k bytes core memory 
and 3 I/O rack scanners 

PC"D" for cenent mills and packing department 
Motor Control panels are not connected to the proce~s. 

These PC are equipped with different type inputs 
and outputs like : 

AC 120 V 8 inputs 

DC 24 V 8 inputs 

AC 120 V 8 outputs 

AC 120 V outputs are supplied by remote power 
supply 2A, 120 v. 
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Programme devices which ca~ be used to the 

introductory programming, documentation, maintenance, 

trouble shooting and updating establish intelligent 

industrial terminal ~ith CRT Screen and Keybord. For 

reloading control programmes, used digital tape 

recorder. Unfortunately, there is no printer tQ 
print . out programmes to obtain updated documentation. 

B POWER SUPPLY AND GROUNDING or 
PLC 1S SYSTEM : 

Power supply condition in Gagal Cement Works 

forced application uninterruptible power supply and 

stand by constant voltage stabilizer alongwith 

insolating transformer. Unfortunately uninterruptible 

power supply from NELCO - Indiadot!!tnot work 

properly and is used like stand by. 

Electronic constant voltage stabilator 

acccrtinput"voltage variation z 10%.because of output 

voltage fluctuations when voltage variation more then 

10% and trip PLC's system. 

Grounding system common ror all electrical 

and control equipment. 

c 

1 • 

MAINTENANCE Ot INSTRUMENTATION AND CONTROL 
EQUIPMENT 

Doc um en ta ti on : 

Instrumentation group has only standard 

technical documentation supply by producers of these 

equipmgnt and designers of instrumentation and 

control systems, additionally a lot of modification 
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and change in control system and instrumentation 

force execution ror new sets of technical 

documentation. 

2. Maintenance tools and spare parts : 

Instrumentation Laboratory is well equipped 

with maintenance tools, measuring equipment etc. 

which are necessary to repair and preventive main

tenance. There are also many spare instruments, 

transmitters etc. 

However, there are not some very important 

.spare modules i.e. CP~ modules for PLC and others 

more complicated modules. 

3. Maintenance : 

In Gagal Cement Works, plant has done only 

corrective maintenance. There are not preventive 

maintenance sct+edule anc this type of maintenance 

is neglect. 



ACC - Gag al Cement Works 

ANALYSIS OF KILN BREAKOOWN IlJRING JANUARY - NOVEl-18ER 1996 
' 

Table 2 

Month Mechanics! E:lectrical InstrumsntatTon ________ O th er Total 
Number Hours Number Hours Number Hours Number Hours Number ·Hours 

I 86 6 49.92 6 16. so 9 3.83 8 161. 67 29 231.92 

I I 986 B 37.08 5 4.25 6 6.oo 8 122.59 27 170.0 
III 86 7 20.75 10 23.66 12 1.00 7 5.42 36 56.83 
I \I 86 7 21.25 3 2.33 2 3.25 5 166• 33 17 193 .16 

I 
v 86 5 16.08 5 5.75 2 1.00 8 145.75 20 1 68 •SB 

VI 86 B 48.25 7 9.33 3 2.92 5 51. 25 23 111.75 
VII 86 7 61.92 6 6.oo 2 2.60 4 362. 56 19 433.08 
VIII 86 2 14.75 9 14.16 5 13.16 15 189. 93 31 232.0 

IX 86 - - 4 13. 50 4 5.oo 10 63.00 18 81.50 
x 8€ 3 24.0B 5 3.25 8 9.42 9 173.41 25 210.16 
XI 81 7 56.25 6 4.75 6 4.08 9 62 .42 28 127.50 

iotal 60 3so.:n 66 103.48 59 58.34 89 1504.33 274 2016.48 

Klln stoppage by reasons s 

1. Mechanical 17.37~ 

2. Electrical 5.13% 

3. Instrumentation 2.89% I 
UI 

4. Other (refractory t.-> 
o.79% yearly hours I comprgssors water) 74.60% or 

Kiln run factor 72.58% 
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ACC - GAGAL CEMENT WORKS 

BARMAtJA (H P ) 

Name of tha persons participated in discussions : 

I rrom ACC - Gaga! Cement Works 

1 • Sh s 8 Agrawal 

2. Sh M s Gilotra 

3. Sh Prem Sagar 

4. Sh s K Anand an 

s. Sh B K Basu 

I I F"rom NCB 

1 • Sh Rajendra Singh 

2. Sh A. V. 5. Rao 

II I F"rom UNIDO 

Mr J. Konieczny 

/ 

General Manager 

Dy General Manager 

Master Burner 

Asstt Instrument Engineer 

Asstt Instrument Engineer 

Expert in Maintenance of 

Advanced Instruments and 

Electronic Control Circuits. 
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List oi the most usofnll tools 3nd i11str111nents for the 

In.strtw.entP.tion 'i·lorl:sli.op. 

I. Jets of electrical / elcctro-1noc!1nnj cnJ./ tools. 

3. Adjustable srQrmers. 

4. Tonrs, pons. etc. 

5. Analoe rn~l.ltimcters. 

6. Digital mnltimet8rs. 

'7. Double chnnnclo osc~ loscop mtn. I5 I.~hz /Il:i -:Z,''"fi/ 

e. Field calibrators /0-25n~ , c-I5V I 

9. JJigi tol thei·mometP.r 

IO. HicJ1 temp~ratni·e intlicntor. 

II. Vibration tnrJnsnrin{'. in::trnmmrL. 

I2. Hand. Tachomctor v1ith cont::·ct ~'.dc.ptcr /~'L-<10II/ 

!3. Antomatic Voltar,e .Jt~1bili:::::'tur 0-3Cu V. 

!4. Regnlatecl DU Pov1cr .;nn·l~ I l-SA , U-f3uV I 
I5. JJ0 Povmr Jr1ppl~ !N, I~V, -I~'\•, ?·:Pi, ··~'1-V • 

!6. Antotran:::;forrnotor f>H."A. 

!7, AJjnstnhle l~r;::J;d·.,,._.::. 

IQ, lii-;:i·o:rl'JtJ.r. 

I'.J. 1o.'3t'} l't''J:J·).;, 

"0, Jol·l J"'.:'L.1.; Ir.•)rr:. 

,: '., .. 1 ~ tJ" 1. '~ '.)..L_' ·! 

22 • .!)OCd iJCi[ht pri;sun.rn r~~·,r~'~ t0:;i.0i·. 

23. Precise r(JGi~to:r:; I 'J'~ •"'3 fl, ~·:·-os o:r nr:,/ 

24. Thormocoi~plc t0:..;t ~; "'t. 

.• 
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25. Hesistunce the21nomct'Jr t~~it set. 

26. Pt-ICO simulutor. 

2'7. Dicital culiln:o.tor. 

2A. .Portnble r;1:.w nunlo.~cr. UL, Li • .... 

2~J. Irequenc~· generator :~ci..hs. 

30. Universe.l ltreqncnc~· <;om1t8r. 

3I. Jpecial maintennnce Pm1 eo•J.i r.il!lent for comn 11t13rs - ' -
peripherial 13qttipment , FJ.1J~ , ~{.-rc.;, sp~ctrometcr etc. 
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AilllEX - 2. 

Vlork Prosramme of Mr JAN KuNIECZir.i. 

DP/IND/84/U2o/II-~8 - Expert in Productivity Imrrovement 

"through lJ.a.intennncc of Advanced Inatrwnento and Electronic.: 

Control Circuito. as part of NC~ Team on Prodctivity 

Enhancement and .Modernisation Programme. 

FillliT MILl~ION OF T",'JO MOUTH::J DURATIOII. 

DATE 

22-23 October I98G 

24 October !986 

24 October I9fW 

24 Oct. to I1 Ilov. !986 

I5 Nov. to !8 Uov. 1986 

UimP J.11.ssion formalities 

Briefing b~· lnWP Project Director 
and Chairman and Director 
General HCB · 

Discussion with CRI .Director 

Visit to HCB-B. Technical discussions 
with llCB officials on PEP activities 
undertalcen. Acqttaintance with Process 
Control Instrtunentation and Automa
tion and Maintenance aspect of 
Indian Cement Industry. 

Talk:::; on I.iaintenance of advanced 
instrtunents and electronic control 
circuits and the state of art 
technology in plant control and 
monitoring. 

Visit to SHREE CEI.IBIITS LTD ~ "9E.A·.U1.R 
Stady of mnintenance nnrl tr011ble .. · 
shootine of ndvnncnd instr1ungnt~1tion -· 
and motor control s:i·st~m 1rninrr 
programmable lor,ip ... c.on-t-rolers oo 
well o.s other ·electronic control 
instruments. Inter~ctiou with 
plant officio.lo reenrdinr; rnnintn,no.nce 
problems of advanced l.nstrmnento and. 
inoto.lotion of qttali t;,-· control 
s: stem with .1-ro;J-· spectrometer. 



, I9 Nov. to I Dec. 1986 

2 Dec. to 5 Dec. I986 

6 Dec. to 8 Dec. IS8n 

9 Dec. to I3 Dec. !986 

I4 Dec. to I5 uec. !906 

Io Dec. I98G 

.. I6 . .Dec. I98n 

- S'3 -

ACTIVITl --------
Fom11lation of observations and 
recommendations based on the 
visit to SHREE Cements Ltd and 
preparation of report at 
·ucB-Ballabearth. 
Technical discussions with IIC13 
specialists. 

Visit to iIARilADA GE:.IEHT GO LTD 
JAFRABAJ -GUJARAT. 
Interaction vii th plant offioial3 
to identify the major p-roblems 
of maintenance and trouble sllootin~ 
of advanced instrumentation , :{-ray 
anal!•zer /off-line/, Rriw llaterinl 
:Proportioning s;vatem \11th on-line 
l.-ra~· analizer nnd process co1:1pnt<1r 
nnd other electronic control 
instr1unents. 

Interncti on with H\JTI ccnnt~~r 11P.rts. 
"' Finalisation of the PEP tenm 1 s 

report bclGed on the visit to 
ITAlil.lADA Cement Co Ltd. 

Visit to AUC GAGAL Cl!lliiEHT ·11cmw - -
BARli.AHA. 
Stady of maintenance and trouble 
shooting of advanced instrumentation 
and motor control a~stem usinc 
programmable logic controlers ~nd 
interaction with plant officials 
regardinc maintenanc~ problems of 
electronic instruments and s;,.-stcms. 

J.t'ormnlution of observations anci 
recommendations based on th~ vintt 
o.nd preparation of repo1·t nt UCB. 

Intercction with non connterparts 
nnd discnssiono on the 011tcome 
of the mission. 
Ji'inalisation of the mission. 

Debriefing with Project Dir~ctor 
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Mew York , f:han~~ ttd , 1972 

4. Hubert, r:. t. - Frt=: 1l~·;!-l-.rt? t'l~intenar1ce of el-?ctrir:al 
equip'l1€nt. 
New York, ~fo Graw-Htll, 1969 
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7. HYERS,R.M.,~iOl"'G,K.L. '.:md !1CRPY,H.l"l. -Helinbilit7 
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8e BLl\NCHAP.D,B.S. an!i fl:l\',1~PY, ~.r.. - M<lint.~inability 
Pr1~ciplc~ ~nrt P~~~ti~n 
~l~w Y0r·k , 1•1c Graw-H.Ul 

9. KHO - Hur.iboldt Wed~g l.G, lfoln, W.Geri:l;>ny - -'"ri.tten 
(;Cm!!!UO•lcat icn.s • 

10. F.L.Smidth ~md Co A/.-;, ·:~p0nh:JgPn , 1Jen'!lark - ··;I'f tt,,.,n 
Co~munlc;:;t lon~. 

11. Bl\NG-PE1:EP.:1F.N - ,\ut0~ntic n~w Mntcri"!l l?roportionin6 -
Principl~s and experi~nc~s. 
F. L. s.,, lrith Hev lew 19'79 

12. BUSGHKA, •C. - :.iolt.:J.l<t .TI th~ l"IDdt1l:ir nn·I frP.e P!"''J:j!"!ll'!m~bl~ 
interlo~kir18 3yntem ~'1S~ 1i 'JO proc~s:: 
cnmput~~·:; - V':."rf~hren!ltechn11c Aug. 1181 

13. TE.'H.CNBE.!~G,J. - r;u::"?lity crr1t:.r~l by 1l'J1f't11 syst~m~ 
of s:11:'1p1.ine :?nd :nr~:~l~ cm1vP.ylng. 
Z~~ent-KoJ~-Gins 2-1977 

·14. BANr;-PF ... lY. 1UEN -rhe ~nil 'J'?.tic•n 0f aut'J~<"'tion ~nd J ~;. 
:J.[1r:-l!~?.th'n :it th~ 1'G6r1zdze'' ·:~!~·~nt 
'·.L::i.nt in '·,.ol~'1d 
7.'.~:.ien ~-l<::i l k-!;ip:J 4 , 1976 
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' 15. HILBING,M. - f!odern pr•.)c~=s ~utaraatl-..n l!'l a c~l!J~t>•. 
~l~nt • r~lysius Review Aug. 1g75 

15. EVAN!3.E.E.,_HEl~L,J.r:. - s~.:·.r"!?l Y"'~rs of proce:;~ 
cc~rut~r ~~ntrol ~t C~lifcr~!~ 
~'ortl·:nH ''.<:>'"lent , IESE - r,~·!:t<:>nt: 
!nd•_r~': r_v T!.?Chnlcal r-:on.f~renc•.~ 1979 
Inc!.i '.'ln:~p0.1 1 ~ 

17.MAINTAINABTLITY ~)F EL'-:CTll'.:!i f 1..: F.1JIJE'Ml.:.MT - Lond~m , 
t:e5.r.?hnld , 1968 

18. l'-lA INTENANCJ\ INLtJ:~iT f !.T, - lnforoention!l '3ur~~s U!·l !i.:1_: 
dC'lf -:~·(Jr·k • lJ:i , 1979 
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21. DT_;;C 




