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TILE CALORIMETER MODULE ASSEMBLY. 

JINR-DUBNA GROUP PROPOSAL. 

Abstract 

An approach to constructing and assembly of TILECAL module is 
proposed. The basic idea is to use the hot-nlled steel with some selection 
criteria to fabricate good supermodule assembled from 1 meter long 
modules. 
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1 INTRODUCTION. 

h1 I his pap<'r W<' haY<' collsid<'tTd I lw prillcip<! I possil>ilif y of tll<lllllfadnr-

iii).!; in n { !SS 1.-\ ( \·ia .liN H. D U BN A) of Uw .-\TL.-\S hadrott t i k caloriut<'-

\Yh<'tl tcdmology dP,·clop111<'111 we haY(' tak<'n itJI o accomtl .JINirs <'X­

p<'rieiL<'<' ill lllatlllfad nri11g by DUB['.; A of Gt.h prot olypc 111odn k ( l m. lo11g: 

07 periods <)f l~rn.m. fltickw'ss <>adt awl 2 lb111g<'s of 20mrn f)Jicktt<'Ss 

eadt). 

As a basic cksigtJ was tak<'Il ''The sf alHlard Tikcal dcsi~Il··. c•xisfi11g 011 
- t~ ·-

tiH' cmT<'ttl stage· of b a.dro11 caloriuw1 er <l<·n· lopittg <Ill d Illallll fact nrit1g. 

Were not <:hanged I ltc nmsf <'r plat<' 's E'Xf <TtJal diHH'llsions : fnlly 

cmJservcd the .span'r g<'Ollldry a.s well as t hal otl<' for t i ks awl co11-

s<TY<'d span'r·s cmnt<'dttlg proc<'dnn· with m.tsl<'r plat.cs hy ns<' of Plastic 

lmslii11gs a11<l st11ds goitig anoss Ut<' fnll modnk f hickll<'ss. 

Forth<' 1110<.hd<' ass<'llll>ly cotl\'llll<'ll<'<' m1d to ad1t<'\T th<' w•c·c•ssary 

plates has<' S.'·st <'lll ( mash'r plat <'s local i11g) 1\·ltcti asscmhlit1g : W<' int ro-

dnn•d itt mndnk <ksigH all add it.i<mal hE\ .. 

l\lon' <kf ailPd ittformaJi<m 011 iufrodnced dl<UJgittgs awlmodificatim1s 

iu thf-' lllO<ht!P aiL<l s11permodnk dPsigu will he prt'S('ttf <'d i11 scctimts 3.4 

awl S. 



2 MANUFACTURING OF STEEL. 

2.1 Steel Iuaunfactnrer choosing iu n.USSIA. 

lTsiTJg onr V<'ry r<'C<'llf ( SJ)( '/SSL COllll<'d<'d) din·ct cmJI ad wit It diff<•n•TII. 

HUSS lA N sl <'<'I prod n('i11g pl;url.~-;. hasillg 011 our <kt a ikd kt~o\\·<·l<•dgP of 
. . . 

f lH·ir offici<ll (sial<· J sf audanls as m·ll as 011 onr diJTcf <'XJ><'ri<'ll('(' wif f1 

t lws(' prodncers <llld I JJ<•ir ~o;f.<'<'l qwdit.y \\'(' han· dJt•os<'TI as a waill st.<·<·l 

producer th<' \0\.l)LIPETSI\ J\IETALVHGIC'AL COJ\JiH~.-\TE.- t.lt<' 

N L!vJ I\ at t lr<· LIP ETS I\ - cit r. 

'This \\'<)rid wid<• kTto\\'11 gigant.ic pla.ut. has Ttec·<•ssmy IPdtJJical pos-

sibiJities to roll all lwdrm1 c.dorimdn· sl<-'<'1 dnriTJg one sltift 011 one 

rolli11g mill. 

T<·dmology proposPd ltPr<·' is based ou NL~II\ l10t roll<'d sl<·d nsing. 

Sndt a si.<•PJ is au ordinary. n·g11lary prodnn~d sl<·d wif.J1 110 SJH-'cial or 

a.ddit.ioual d<'liJall<ls TH'<'d<'d f.o IH' liH'Ht.imiP<l. 

2.2 Material specificatiou. 

As a wain h"droJJ caloriwd.n strnclllral sf <'<'I \\'<' propos<' a hot rollf'd 

sl.('d sll<'ds this is Hn~-;siall slm1dm·d "CT-10 .. sfl'<'l. iTJdic;lf<·d ill stat<• 

sbmdard as .. l'OCT I 000- /8''. 

Thf-' CT-l 0 pantmPt Prs are t lH' followiFg OTlPs: 

• The dH'IIIical c·mupositiou (max. alJow<'d): 

c = 0.14%: p = 0.035%; s = 0.0-l% 

·l 



• f II<' Jll('chatJical parmn<'f <'rs: 

U, (<'last ic limit) = l ()OA!/'a 

Th<> hot-rolkd !'OCT I o:,o-18 0nnn a11<: -hn.m. f hick plaf<·s Hmsl. lw 

ha\'(' tokr<lll<'<'s wit hi11 I h<' li111if s ·~_:::. 1!'mm lmt i11 n·ality ( onr <'XJ><'l'l<'llCP) 

tlt<' Nl\1 L I~ is abl<' I o llrt\'(' :i :i:'iY,nnn t olnallc<'S for t!H' t bi klH•ss of OlH' 

( 1 :; t o11s -·~m1if ··) s<'rial.\· prodn<Td slw<'f b;.-llJ<.kd ill I!) t.mJs IH•avy roll. 

Hongh11<'ss of sh<'<'f snrfa<·P <·orr<'sp<ntds to d, 1 Yahw ill micn)lls: 

\VhPH s1<'d prodnci11g NL~II\. plant 1nakPs an anthomaJic sfPPl thick-

m·ss HH'asnr<'Hl<-'111: <md r<'cording wit l1 20 minm1 }>n'cisimt ( \·ahw of S('alP 

g;radat.imt ). 
'-

for t ht-• first a11<l last. pack slH'<'t s t h<'ir t hi< klH'Ss \\·ill IH' lll<'asnr<'<l c-wd 

n•conkd .. .\11 pa('ks will I><' mark<'d . ~'d<•asmTJII<'Ht n•snlts \\·ill IH' ns<•d 

at fntltPr plat Ps prodndiou pron•ss. 

2.3 Steel quality control. 

.All11ccPssar.v kill<ls of controL JH'<'PSsary <·orn•sp<mdiug l.ooli11g. t.he Yol-

mnt> of nnlfro) as wt>ll as n·<·onl fonuatt>s ('<-1.11. 1><' <ksniiH'd in fnt.nn• 

•I 



QllALITY C'ONTBOL PBOGHAivl. Af. <'111T('tlf sfag<' W<' do 11of. cmt-

sid<'r this prohl<'lll (cntlllll<'tlf: D11hwt mtd :\L\Ih~ ha\'(' <H"<'111111lfalcd sig-

ttifi<'mtf Q/.4. a11<l Q/C <'xpcri<'ll<'<' iTJdndittg ttH'<tSllr<'lll<'tJfs sfag<'S wll<'tl 

fabrintf.it1g sf<'<'l plaf<'s for SDC/SSC-Lab). \\·<, wo11ld add that WP do 

uot limit ollrs<'l\·<'s \\·it.h qjC <utd qjA n'<ptir<'liH'llfs at tl1is tiiOllH'tlf.. 

2.4 Conditions of steelJ•lah~s storage and of their trausporta-

tion to 1uodnles Inannfactnrer. 

011 all sfag<'s of tll<lf<·rial fnr1sporfatim1 from its tllatmfadmTr fo flmtl 

prodncf. prodncPr all sf<'<'l sheds mnsf lH' snr<'ly prof <'<'f<'d from 111oistnn•. 

\\·afer acn's I o shP<'f snrfac<'. 

\ VIH'll slt<'<'f s I nn1sporf a I ion ow• Hills f. follow sf riel l_r slitlgittg sdH'HH', 

nse sliHgiH.!.!; lixf nri11gs awl W~<' sht'<'fs packi11g flxftll'<'s as WE'll as park 

tra.ttsporf.af ion Jix.ftlritigs. 

Slt<'<'fs llmsf lH' sfon•d strit'kf l.Y hori;,mttall.\'. Sf orag<' plan• umst. lw 

dry. war111 a1Hl \\·if h TIO dmlgPrmts for sf<'<'l admixfnn·s i11 air. 

To aYoid OY<'rloaditig of sf orag<' if \\·ill lH' llsPfnll to onkr t ha.t: amount. 

of sfP<'I \\·ltich is <·orrcspm1dit1g to f lw hadron ntlorim<'f<'r <'OlliJ>OIH'tlf.s 

prodndio11 sdH•dnl<'. 

G 

-----·-------- , __ , __ ,,_, _______ _ 



3 MODULE MANUFACTURJNG. 

\VIt<'ll disposi11g i11 Hl 1SSIA litE' lllodnlcs m ~nmfadnriltg onkr I It<• fl11al 

<"ltoin• of prodll<"('l" will dq><'ttd mainly 011 ptodnctimt sdt('<htk. 

Th<' pot <'ttt ialmaHn fact nn•rs i11 Hnssia coHid l><' .J IN Irs madtiw·-sltop. 

San·lovo madtiw· tool ph111t .. ...\T001~IASH-COl\IPLEX (\-OLCODONSK­

CITY. 1200 km ofr Dnlnta) ... S.-\YEL0\"0 is 15 km oil" Dl1BNA. 

Tit<' ATOi\Il\L-\Sil is a nniqn<' phml. ahk I<! fal>rical<' auy imagiuahlt• 

i11 mo<kr~t- i11<lnst ry siz<' st ('('I systems 11p I o ,...._,102 t otts lt<'a'··'"· 

.loi11t. htsl itn I e for Nnd<'ilT H<'S<'al-ch It as loug I <'rTII <"OlllJE'cf imJs I o 

ATOl\ll\L\SI I. The <'XJ>('l"l<'lt<"<' of cOOJH'raJimt is lti~ltly frnil fnll. .. Cood 

p<'rsonal workittg cottln.cfs ar<' <•stahlish<·<l. .. 

3.1 Steel storage. Incotuiug inspection. 

\Vlwn n'<"<'i,·ittg of I IH· sf <'<'I (by spa<"<'r/masler plates prodnn·r) from 

F'or snell a control I h<' follm\·i11o· iufonuafimt lllltsf lw aYailablP for 
•:':I 

chPcking: 

• heaJ ltlltttl><T 

• slah ltnml>Pr 

• shp<'f'. pack mmdH'r 

~ 

I 



3 MODULE MANUFACTUR .. ING. 

\\"hPTI disposi11g i11 Hl ;SSIA tit(' modnl<'S 111<11111faC'f nrill,!.!; ordPr Ill<' fl11al 

choic<' of prodn('n will dq><'11<lmai1tly on prodnctim1 sdl('dllk. 

Til<' pol <'111 ialmatm fad nn'rs i11 Hnssia nmld l>P .J IN lfs machiw'-sltop. 

San'lm·o machiw' tool phtttf.. ATOf\11\IASH-COl\IPLEX (\-OL(;ODONSI\­

CITY. 1200 km off Dnlnm) ... S.-\YEL0\'0 is 15 k111 olr DlTBNA. 

Th<' AT0?\1?\1:\SII is a lllliqn<' plant. abk I<! fahricaf<' <Ill.\' imaginahk 

lll lliO<icnl- iwlnsl r.V SlZ(' sl <'<'I sysl CliJS llp f 0 rv 102 f OliS Jtca\·y. 

Joi11L htsfilnle for Nnd<'<lT H<'s<'ardt has loug f<TTII cotlllPdimJs to 

:\TO l\ll\1 A Sf!. Th<' <'xpcri<'Tln' of coop<'ra.limt is IJighly frn iffnll. .. Cood 

I><'rsoJLal worki11g emil acts an' <'sf ablisliP<l. .. 

3.1 Steel storage. Iucoutiug inspection. 

NL!\II\ prodnccr ltlllsl tnak<' litE' tll('(HlllTtg lltd.al iTIS}><'<·IiotL 

F'or snch a coHI rol lltc follm\-ilw i11fonualiotJ 11111sl lw aYailahlP for •:":I 

• slab Ttmnlwr 

• shPPI. pack mmtiH'r 

~ 

I 



Th<' fiwd lisf of il.<•ms lllld<'r nmtrol nmld IH' laf<•r d<'S<TiiH'd i11 <1nalit.y 

('(HJI.rol pro~rallllll<'. 

\ VIH'll siH'<'f s or packs I raw; port i11g; <HIP umst. follm\· if <'111 2A d<'TlUUtds. 

3.2 Master plates production. 

For Gf It haclnm <·alorimd<•r profof.yp<• mod niP fal>ricaJioll \\"<' han• oh-

f<titl<'d frm11 NLI\ II\ G 1 g: l;.\-rn.m f lti('kiH·:-;s sf.<'<' I shE'd s for tllastPr plat<•s. 

Tlt<•st- _f_okrall<'<'S W<'H' ndi<l fort IJ<• fnJl onl<'r<'d s<'f of tndall with f.of al 

\n•ight. of 8 f 011s. 

lu ord!'r to sal isfy t lw shop-drawing rP<lllin•uH'lJ ts of thi('kw·ss [5±0.0G m.m.J 

,,.<' lmY<' d<•('id<•d t.o n•utoV<' <'dra-t hicknt>ss l>y dt<'Illl('al E'f.('h iug. Aft.<•r 

<'f dtillg i11 SAVELOVO t ht> l\ Ll\II\ sf.t'el :->h<'ds oht aiw•d t liP tH'Ct>ssary 

t lti('kUP:->s. iudicaf <->d 011 drawing. 

\\"(' havP ohservPd t.]H' follo\\·ing lH'gaf.iYP f<>af.11n•s off his mE't.l10d: 

• sotlH' <1<-gradafimt of smof.-t<'P qnalit.y: WE' ltad U.r ~ :1.2 minotts awl 

obf aiTI<'d Ra :::::: 12.G lilt <TOllS. 

• souw lll<T<'asiHg of of f l1i <"kw•ss liOilllllifonuify of OJH' masf t•rplaf.p 

pn·<·nf I <'d sll('f't .... Til<' dchi11g pron•ss is Jtof goillg 1111ifonnl.Y dtw 

to veJT laru·<' I>r<'('llff<•<II> aJp an•a. .. 0 

• it was lH'<'PSsary t.o clP<Ul dH'Inically. t.lt<-' plat.t• snrfan' f.o n•uwv<' rnst. 

( ortopl1osplwr GO% <"OJI<'<-'Ufraf ion add was ns<'d). 

• pla.f.f' prodnct.ion f.iuH' wa.; iH<TPased. 

~Ia.<.;tPr plat.t>s prodnct.iou t t·chuology \Ve propose lH·n· is bas<'<l on HSP 

of t.lw all pnrsltas<'d roll<'d lll•'tal with no plat.es t hickw'ss llH-'cha.nical 

8 



fn•;.t.llll<'tll (110 llla('hillillg). \Vif.IJ sn('h au <'.pproHcll \\"<' <'OliS<'I"\'P good 

initial sh<'<'l flafti<'SS. snrfan• <pta.lit.y 011 til~· H, 1 = 'J.2rnkm l<'V<'l a11d 

:l.2.1 Hillel$ prt~porc-tf.ion. 

ittfo a<·<'(l11Jtl fIt<' sf<'<'l rolli11~ t<'dmolo~y. To lH' short it looks as fo1lows: 
- ·-· 

• lG I OJ IS IH'aYy slab is passi11g I hnmgh a ·sPI of a fpw pairs of I liP 

rolliu~ shafts. 

• \\'ltaf cmtt<'s onf. looks lik<' a sl.<'<'l roll with prdimiwuy sdtkd 

( kum\-lt) I ltid..::ll<'ss ,,·j I It ~:L'fgm:m I okrati<'<'S. 

• Iu g<'tt<>ral <'as<' (phPuouH-'Hologi('aJ fac1.) si.Pd lhickiH•ss Ill roll Is 

nuifor111ly dP<T<'asiug frmu I wgining t.o t hP eucl of ro] l. 

• A fl <'1' ro 11 ,,·as ('00 lt•d < lowtJ s t<'<' I will 1 ><' [J a f I w•d hy pa.ssi11g 1 wt.\n't-'11 

rolli11g shan s (siP<' I hohhiu gPI s 1mroll<·~ l. .. ) . 

• Iu snell a WHY oht.aill<'<l l<mg shPPI. willlw nttl<•d 011 gl\'Pll (fixt->d) 

IE-'llgl h pif'('('S. 

• tH-'Xt sf q) is a. fi11al s]J<•d f1a.U.P11i11g by passing IH•f \\"<'<'ll rolli11g shafts. 

• shPPts st a<'kiug iu a pa('ks of gin-'ll dinwusious. 

As a rPsnlf we oht aiu s1nooth I hid..::ut>ss d<'cn•asitJg from <mP to an-

othPr shPPfs E-'H<l. In onlt·r to avoid the syst.PIIHtt.ic t.hick1wss <liffereun" 

anmmlat.io11 wlwH modnh• asst->mhliHg it is Ilf'<'f-'Ssary t.o int.rodnn' hillf'f.s 

marking all< I mw a~priory esf.a.hlislwd sh<'et ('nt.ting sdtPIUP. 
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• 40 x I 0 k<•y \vays i11 t1arrm1· \\"<•dg<' sid<' 

• sal isf\· fliP I !)!}0. 11 .. 1 diHH'Jisiott. 

3.2.6 Hole1-> drilling with (h·ill pg. 

\\'<'drill fit<' pial<• holPs 11si11g ·II<• drill jig. This OJH'l'alioll is doll<' wil.lt 

wl10l(-' pack witl1 2..;-S plaf<•s/pa:-k. \\'lH'll placi11g of pack itll.o drill jig thP 

plal<'s locali1Jg is dmH' with w;<' of ;)Ornm.xlOmrn. <md IOOrnrn.x IOrn.m. 

k<'.\' wa.\X- Drilli11g pr<'cissiml is illnsl ral ed by FIC .;>. 

3.2. 7 Qunlif.y conf.rol. 

Tlw ki11<ls. tlldbods a11<l atnomtl of <·mlf.rols as W<'ll as rq>Ort-forms nm 

IH' dPs<TiiH'd in SJH'cial .. qnalit .• · nmtrol progrmn''. AI <"lllTf'tlf stag<' I b(' 

abon• lllt>ll1 imH•d opPraJious m··· 11ot. pn·snilw<l. 

3.2.8 lnt.e•·oper;:t.l.iona) storage. 

~la.sl.er plat P billPfs. plat.Ps mult'l' machit1i11g. wh<'H sl oragi11g IH'f.\\'t'<'ll 

OJH'l'atimi aud n'ady plat (-'S nmsl I H' kPpl in ltiorizm1t aJI,v oH solid snpport. 

Storagf' nmdilious for plat.<•s 11msl IH' salisli('d ns itPm 2.-l ill<lintl.f'd. 

3.3 Spacers production. 

\\"ht>ll fnbricaJiug of GtlJ prototypE> wo<lnl<• of h-eal \H' ohlainE-'d t.lt(-' 

NLL\11~ st ('PI for spac('rs: 4~Xr'/[mrn. 

Th(-'SE-' flgnn's ( t.olnaJtn's) W<'l'P Ynli<l fort liP all onkn'd ( 4 toiLs) mE-'tal. 

Span•r's t hicktH'ss toiPraH<'e~: iudicat ed 011 drawing W<'n' ±0.1 mrn. 

12 



As masfN phtf<'s \\"<T<-' f hi<"k('r 1 11<'11 if wa.•; i11<licakd 011 drawing and 

\\'(' <kci<kd I o lls<' dt<•mical <'kliitt~. so for :mlll<' spanT plat <'S WP also 

ns<•d <'fch itt g. H<·tnaitllllg spac<'r plat <'S pass<•d gri1tdi11g. 

A fl<•r snell a tn•afttl<'HI ( E'lcltittg or grindiltg) all span·r plaf<•s t.hicktt<'ss 

was ttof mon• f h<'ll -LOG mrn. 

Nt•gaJi\-<' cmts<'<PH'lln's of tn·at.t.lH'Ut: 

• we \\"(']"(' 11of. al>k to ohtai11 span•rs which look ( hy E',\"t') id<•Hf.indly 

• aft<·r grinditJg \\'<' had lo do addit.iowd operatim1: straigltf<•tting of 

soUl<' span•rs 

For spacns prodndion 110\\' \W' propos<' f IH' f.<'dlllolog_\. based ou llS<' 

of hot. roll<'d sfPellmt withonf spa<·<>r thicktJ•'ss machittiug. \\"it.h snch a 

technology \\'(' coHS<'l"Y<' t-•xct>ll('ut. iui f ial plates Haft w•ss. sn rfan• qnal i ty 

ou Ute Ra = 3.2m.kn1 lE·\·Pl aU<l k<'PP tlw UH'<'ssary modnk pro<lnctiou 

geomdr,y pn•cisiou. 

3.3.1 Billet.s prepar<\t.ion. 

St.Pd slH'<'fs prq>aratimt tPchuology f(n· spa<·<·r awllllash-•r plal.f•s is idPn­

t.ical s<'f-' il<'lll 3.2.l. Th<'ITfon· h<'n' is also ll<'<'<'ssan· fo haYP hillPt·s 

marking all< I 1 ay -on t sdH'Jl H'. 

1. Bilkts marking. 

Ea<"h hilkt lllllSf haY<' its idPufifintfimt umnlH'r dmte by eled.ric­

peucil. h1 a. SJ>Pcial log-hook WP indicate to what spt of Inet.al t.lw 

given hillPt IIHl!llwr is hdougiug to. F'or marki11g simplicit.y the 

t,(-•mplal.<' is nsP<l for lay out. 

13 



As mast Pr plat <'S W<'H' t hi('k<'r 1li('JI i I \,., .. ., ill< li('a t ('d 011 drawittg and 

m• d<'ci<kd to ns<' dl<'mind dchittg;. so for smrH' spac<'r pln.l <'S wP also 

ns<'d ddt i11g. B<·tnaitlillg spac<T plat.<•s passrd grit1di1tg;. 

A ff<•r snch a 1 n•<dttl<'HI ( E'lcltittg or grind i11,5) all sp<t<'<'r plat <'s l.ltickttPss 

was 11ot 111on• t h<•u -LOG mrn. 

Nf•g;at i\·<· coJis<'<pH'JLn•s of tn•at.im•ut: 

• W<' \\Tl"<' 11ot. ahk to obtai11 span•rs wlti('h look (h.Y <',\'<') id<'ut.indly 

• <tff<'r grill<litJg \\"<' !tad l.o do additiomtl opentfimt: straight<'tlillg of 

SOUl<' SJ><t<'f'J"S 

For spa('<'rs prodnd iou llOW \W' propos<' I II<' f.Pdlllolog,\· has<•d on ns<> 

of hot ro1l<·d stPe1 hnt witl1<mt span•r t.hicktJ;•ss macllittiug. \\"it.h sndt a 

t<>('hnology \\'P ('OlLS<'l'Y<' exn·lkut i11it.ia.l plates Hattw•ss. surface qnality 

011 tl1e Rn. = 3.2·mkm. 1<-n•l aud k<'<'J> tlw IH·<·<·ssary modnl<' prodnd.iou 

geometry precision. 

:~.3.1 Billel.s preparC\t.iun. 

St.Pd sh<•ds pn•paratim1 f<'dmology for spa<·<·r awlmastPr platPs is i<lPIL­

tical. SN' it nn 3.2 .l. Tlwn.fon• h<•n• is also W'<'<'ssatT to Ita\·<· hill Pt.'s 

marking all< I ] ay -on t sdH'1l H'. 

1. BillE'f s markiug. 

Each hilkt mnst hn.\-<' its id<'utiflntfiOJL umnl><'r <lmH' by eled.ric­

peucil. ht a SJWdal log-book W<' indica h·· to what S('t. of nwt.al the 

given hilld. mnuher is lwlougiug to. For markittg simplicity the 

t.emplat<· is nsPd for l<w ont. 
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') 'l'll<' slt<·<·l lay onl. 

To ohL1i11 hi lids OJH' ··cmld llS<' t ftc• Gnillof itH' 1-ilrc•ars. TIH' shP{'f 

f ltid.;:ti<'SS is a llm\·lll,!!; f he• ltori;o11f al k11 i fp <"11 1.1 iug all< I if dm•s not 

cansc• f II<' bill<'! 's Pclgr <·11n·iug. Th<· I<IY onf sdJ<'lll<' 1s gt\.<'11 011 

UtP FIC .G. SmnP of hc•r mc•lltods of l>ill<'f.s obf.ailllltg <H<' possible• 

Jn·m·idc·d tll<'y c·m1snw f he· hill <'Is llaf.w·ss. 

3.:~.2 Hillet.s prepel.r<tf.ion fo1· 111:~chining. 

For tnaclli11illg f II(' spacc•r plates an• packPd. \Yiw11 i>th profolyp<' span•r 

prodndiJtg pack had 0 hillct.s. This fignn• conld I><' noticahly larg<•r 

prm·idPd lH'<"<'ssar_,. fc·dmolc,gka.l pr<'para.tioll is dmtt'. 

3.3.3 Holes drilling. 

OrigiuaiJy i11 tlH' pa<'k of hi lids W<' drill two <~·Km.m. hasP lw!Ps. TlwsP 

an· holPs \\·ltich will IH' ns<'cl for spPan·r dm11ping wiH'll assPmhling. 

:3.:lA Conf.oiH IIHtchining. 

TltP bilkfs pack locati11g i.; a.chiPn•dd hy 2 holes in flxfnriug devicP. 

A possihl(' spac·c•r c·mJfcmr·sHrfac·c· JllaC'hiuiug s<·'<PH'lH'<' s<'<' 011 FIG./. ~Ia-

dtillitw: by milli1w or J>lani u<.r. b .. () 0 

3.3.5 Quality cont.rol. 

Tbt• kinds, lJH'flwds c-md a.monut of C'Outro]s as wt>ll a.s n"porf -forms cau 

1 H' dPs<Til H'cl iu spe<"ial .. Qn-tli ty <"ontrol program... At ClllT{-'Uf sta.gt' tht> 

a.bovP uwnt.iow•cl op<'raf iow; a.rP not prc•scrilwd. 

l·l 



Spac<'r billets. spacns wh<'tl itlt.<'rop<'nd im1;.tl sf orag<' and r<';.1.dy spac­

<'rs 11111st I><' kq>l hori;,mltall.v 011 solid has<'·ll<'ltt. Spa<'<'r's storagP awl 

traHsporlatiolllllllst follow if<'lll 2A. 



4 MODULE ASSEl\IBLING. 

4.1 Ilefereuce inforu1atic·n. 

\V<'ig!tt of ott<' rolk of :-;1<'<'1 slt('<'l. ................................. lGt 

\V<'igltt of ott<' md <'r of Gmtn ·dt<•d I G20·G·l 000· /.~·1 0 r: 

\V<'igltt. of mt<' lll<'l.<·r of -lrnrn :~h<'<'i. lS20·-l·lOOO·I.R·IO .r, 

IA'lJgf.h of :)m.rn. sh('<'f roll 

L<'Hgl It of -lm,m. sll<•t•t roll 

To fal>rical.<• l.m. lm1g 111odnk masl.<•r pla.tf'S 

60kg 

48kg 

200m. 

312m. 

I 1 l l. 1· l.llm-1'20 ~~ t t<' IH'E'< <'< ;unonllf o st.P<' JS .1 •••••••••••••••••••••••••••• -t~rn 

To fabric at<' I m. loug modnl<• .;pan•r plat<•s 

f.lt<' tt<'<'<lPd a.womtf. of sh··<'l is ................................... 25m. 

Ow• sl<•<>l roll is f'lJOltu·ll to faLricate • t_'-) 

ma.st('r plat <'s for .......................................... 5 modnks 

span•r plat<•s for . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 nwd11 If's 

Eadt roll (for masf.pr all<l for spa.n•r pla.f.<•s) will IH' nlffPd and stackPd 

iu 5 packs Pacb 3l hf•avy. 

From ow· pa('k (wit.l! Gm.rn sf<-'<'1 slH·<·f·.s) will IH' cnf.tf•d 120 ma:-;f.pr 

plafps for OIH' 1 Hwtf-•r long mndnlt>. 

From ow• pa<"k (with -!rnrn :-;f<'f'l Hhed,s) wilJ IH• ntff.<·d tit<• atHonut of 

spacPrs IH~<·Pssary for 2.4 uto<hk of 1 md,f'r l(•ugt.h. 

4.2 Stacking. 

Aft<•r marhi11iug 120 rPady mast.<·r plates an~ Htacke<l in OIH' pack. As to 

spa<·er platf's tlwy also an• st.c-wk<'d: 60 plates iu ow• pack. TlH'Il for all 

IG 



ma~t.('r plat<·s packs lit<' pack lu·i~ltt is liH'rtsm·('d mtd<•r 20 lmts pn•ssm·<'. 

Spa<·<·r plait's pack lwi~ltl is TIH'asllrf'd mt:lt•r 2 tolls pn•ssnr<'/pack. 

\VIH'll st ('<'I siH•('f rolliug its f lticktH•ss al f IH' hq!,i11i11g of roll ( hohhiu) 

is -Ulrn.rn a11<l at I It<• <'lid- 3.9·mm. 

G.Omm. awl af f IH' <'lid - -l.0rnrn.. 

Sltt•t•l f llid.:twss a.lo11g I It(' sf<'<') 1('11~1 It itt roll is gi \"t'tt OTt FIG .8. 

Thickli<'Ss dtallgittg almtg 1)1(' l<·ugth giv~·s a,o.; a n'sltll SOliH' dilf<·n·un• 
. -

ittltPiglJf of fltf' first awlth<' last pa.<"k of·rnasf<·r plaf('s: this dill'<•rt-lln' is 

0.02·-!·120 = 0.Gm.rn.. 

For f It<• :)nnn mtiforml.\· thick st<•t•l in roll tit(' <'XP<'d ('d 111asf<•r plat<•s 

park thicktt<'SS wonlcl IH' :>.0·120 = (){)O.Ornm. high. On(' fo sf<'(') thicktt<-'SS 

d<'<TE'asiug along t It<• roll it wi1lltapJH'll Umt. t lw first pack ht>ight will lw 

by 0.02·~·120 = l.2m:m smalh•r a11<l P<lnal t.o ............... ;)98.8mrn. . ~ 

For 1-'<'<"0lld park ........................................... !)06.4mrn. 

For third p<H-k ............................................ :-)9-l.Om.rn. 

For fonrf It pa('k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. G01.6m.m .. 

For lift It pa<"k ............................................. G~9.2rnm .. 

Spa<"<'r plaf<'s first p;wk ltPight will h:· 239.-hn:m. Lt~sf spac<'r plaf('s 

f<>r t.h<• first. modnl<' mmm fad nr<' Wt' l.akP f>98.8rnrn. 1tiglt first mast.<•r 

pia t PS pa('k a.wl 1 h<' la~t. 23t, 6",.,..,1t igh. span•r p]a t f'S pack. 

As span•r plat<•s lond.imt iumodnlE' i~ a st.aggE'riug mw. if will <lonhl<' 

t.ht- mo<lnl<· lt<'ight. aud t liP last <m<> is E'(lnal 
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By colllhittilq.?; i11 this mamt<'r fit<' packs of lllasf<·r plaf<'s awl of th<> 

spac<•r plates \n' will gd 111odnl<'s It eights all <'<plal to I 0()8·rnm .. ht n•alit.y. 

d11<' to SOlll<' gc1ps IH't.\\.<'<'11 pla!cs. til<' lltodnk·s h<'ight conld IH' higg<•r. 

By lta.,·illg spac<'r plat<·s of difr<'n'ltt. h<·ight OlH' n111 cmTed f h<· mod-

ld<'·s lt<·igltt with ±0.3mrn. pn•cisio11 (span•r plaf<'s tlti('kll<'SS diff<'n'tJ<·e is 

within t II<· 0.02-;-0.1 m.rn rallg<·). 

To achi~·,·<· tH'n'sS<try llattt•'Ss of liP\\' JH'riod <>xtnw·d snrfac<' ,,·h~·tt 

sfa('kitq; ofi><'riod itdo Jttodnk. if is imporfa11f to slack tllasf<•r a11<l spar('r 

plaf<'s acconli11gl.\· tlt('ir lalwli11g (markittg). 

4.3 rvtod nle assetnbliug iu fixtnriug tool. 

For 1-uwt<•r modnl<-' ass<•mbly we nsP fixt.nring fool ( FI(~.9). This fix-

tnriug tool has two dat.nm (hast•) snrfaces. TIH'S<' snrfan•s are nst•d 

for 111odnl<' mast n plat <'S local it 1 g. Spa('('l" pia t <'s ll<'<'<'ssa.ry posi fionillg 

iu Htodnk will IH' ddnwitH'd 1>.\· slot.kd lmshi11gs. :\lodnl<' ass<'wl>lillg 

with nsi11g of hard has<' snrfan·s allmn•s 011(' to adti<'n' lhP JIIO<l"nl<• sid<' 

snrface ttmJilaftt('ss <'<1nal to O.Lf>rnm (s<'t' APPENDT\ I). 

Aft <'r tIt(' ll<'<.<'ssary amon11f of lltastE'r plat ('S a11<l spa('(TS \Y('r<' st ack<•d 

tJu'y umst.l><' compn•ss<•cll>y sfnds adiug t.ltrongh 20m7n t.hick plat<•. Tltt> 

followiu ~ ad ion is modnJ<' t hickw•ss measnn'IIWHL If looks IH'<'t'ssary, to 
~· ' 

oht aiu dt-•siral>l<> modnk h<'ight all< 1 plafPs Hat llPss SOTIH' corn·<·f im1s nmld 

lw lHHlt>rtakeH wit.h span•r plai.Ps <'xcltaugiug. Stnds f lwu is plact>d 011 

tuo<lnJP awl d<unp it. 

AftPr UP<'<'ssary mo<lnl<' height is a.d1ievPcl t.he f.wo haHP snrfacPs mnst. 
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I><' n'HIO\"~>d fro111 fixtnri11~ tool to gf'l fn'•' acn's to modn1('. Th<'tl 

k<'.Y is Wl'ld<·d (011 \\·id<' w<·d~<' sid(') to mastPr plal<'s . .-\fin I hal. two 

J()()()x.WY IOm:rn:\ plclfcs ttmsl. IH' W('l<kd I<• lt<trrow W('d~<' sid<'. Now 

mo<hli<- is JTady for ass<'ltthlittg into SlllHTlll< ·dnll' ( F l(~ .I 0: Fl G. t I). 



5 SUPERMODULE ASSEMBLING. 

AssE'tnhled module is rol1€'d <r.·pr its narrow side np awl then placed on 

girder with lwlp of rather special anxillary e<ptipment ahlt' to move tlw 

module (FIG.12). 

The mo<lnlP transverse pos:tioniug on to the girdPr is determined aud 

fixed by nwdnle 's key (was wdded Parlier). The key nmst he iiJsertPd in 

girder's k<-'y way. 

SecondmodnlP will h<-' placfd on girdt-'r dmw to first lHodnh'. First/second 

modules distance is detennined hy Inodnle moving anxi1lary <-'<lnipment. 

1v1odnles load ou girdPr is transfered through key.Tlw ga.p hetwePn 

girder and mast.er plates surfaces is equal 0.5mm. St-'COIHl module is 

Inoved towards the first. one h)' jack. 

By special anxillary tools the nwdnles will he stra.pPd tightly. "Then 

third 1nodnh' is positioned a.IHl same (as with 2Hd module) op<-'rat.iones 

are n'JH~af.ed. Procednn' is <"Oitt.imw<l wit.l1 IV.V.VI lJJOdnl<-'S. 

In the(uarrow wedge side k.-y way \will he ius<'rl.('d G980rnrn loug key. 

I\ey is fixing t.l1e modules relat.ivP positioniug. Next stPp: all studs an' 
. 't.90.~1 li tJhtencl_ 

insE~rted i11to Slll>Prmodnh~ __ PJtlporary cmuwc'tiltg ( dampi11g) P<!nipHH'H1. 

removed. 

Kt-'Y (loca.ted in wedge narrow side) is welded to mm;t.E'r plates. \VidP 

wedge side master plates also wt~re welded to tlH' ginl<·r. 

Now SllJ>Prmodnl<-' is prepared for the tiles to lH' inserted iu. 
( 

The tednwlogy proposed ;.;.llow" one to achi<'Y<' tlw assembly pren-

sion (aJoug t.he snpermodnl<' length) equal to ±2mm; snpennodnles sid<-' 

all Si'x 
lhePJ --rc;/11 s-t~,ds 
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snfan•s ±0.2!)rn.m 110111lat.w·ss is also f<'dlllically <tdti('Yabk . 

.-\rtn· tiks \\"<'1'<' itts<'rf<•d ittfo SlliH'l"lltodnk (with filwrs) th(' Slll><'l"­

modnl(' sid<' snrfac<'s an· <'OV('n'd I>\· 0.1 rnrn I I ick .. 100nr:rn. wid<' sf ainkss •.. 

sf<·d foil. Foil strips an· la.yi11g Oll alottg Ut<' snp<·nnodnl<' awll.igltft•HE'd 

hy /i>Okg fore<' for t'<tdt strip. 

sf a11<lard li fl ittg/rolliHg fi xtnri11gs. 

5.1 Quality control. 

Ou <'111Tt'llf prodtwl.ioll sf ag<' ll<'<'<ls 110 sp<•cial n·gnlat imt. 

5.2 Packing and storage. 

To avoid rnst appeari11g 011 sn1wrmodnl<' dnri11g storagt' p<Tiod and trans-

porbttiou. <'ach SlliH'l"lllodnl<' umst. IH' <·on'n'< hy polydhykn film <·<·u·.;t-'. 

Th<' cas<' Hmsf h<' slightly Ya<·nmni:;,pd to prE'\Tltf ontsidt> air moisltUP 

SnpPrHwdnlP storagt-' mnst tak<-' plan' in dr,Y. warm. dost•d h1tildiug. 

5.3 Transportation. 

Hail-way snpNmodnle transport at ion is snppost'< l. For tnmsportat.ion 

l><'riod snp<'nllodnlt-> Hmst. lw pro1.Pdt•d agai11..;t damagittgs a11<lmoist.tut-> 

or \\·;..t.fer p<'ltPfraf iug ou snp<·nnoclnl<' ddails 
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7 APPENDIX 1 

l <'l"S: 

I. TIIP llOll<H'<"llr<w.\· of l h<' lll<tstPr plat<'S sidP sllrfac<'s lll<whillitJ<lg by 

plau11i11g: t h<' achi<'\·a.hk l o!Pnhi<'<'S is ±0.02m:rn 

2. ThP m;.u111 fad m·Pd drill jig liOli<HTllracy: it. affpcf.s \\'h<'H lltash'r 

\\·ays an' t h<' dat mn snrfac<'s: I h<' achi<'\·.-thl<• tokrml<'<' is ±0.02m.rn 

l.ol<>ra.un· is 0.04 

;>. Fixtnri11g t.ool snrfan•s uoH;.HTlll'a.('y: a.chiPvah1<' t.ol<'nnJ<·<· is ±0.02m.m .. 

Tl1e Hl<'<lll qnadral ic <'!Tor of dalnm snrfa<Ts lll<t.chilling is: 

c / ".> c.> c·.> ,·) c2 1- () ) 1 ') ) 1 
o = v b j + u-2 + o;~ + o.j + ui'> = V ;> · .{ r ~ ( . mrn. 

If son I<' of I lw plat <'S \Yill lllnT lllOIT I hall f = 0.1 Gm.rn I <lknni<'<'S fh<'y 

willlw gril\(kd 011 thP a.ss<>mhl<' tnodnl<• np to t.IJ<' n•<plin'd toJl<'rall('P. 
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