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1 Introduction 

On Hi- 19 April in Dubna according to the 0-module production schedule 
t.lte ATLAS Barrel Hadron Tile Calorimeter 0-module was assembled. 

Tlte module assembly was done on 06 m rotary table of the milling 
machine using the main tool for the module assembly and a few addi
tional tools, 

These added tools permitted to simplify and to make easier to us the 
module assembly . 

The mounted module elements position control (horizontality and ver
ticality) was performed with the help of the Minilevel. The Minilevel 
scale graduation value when horizontality and verticality determination 
was 0.01 mrn per 1 meter. 

All the module assembly tools and the module assembly technology 
were developed by LN P J IN R designers. 

The main tool for the module assembly was fabricated by "Nuclear & 
Vacuum" Corporation (Bucharest, Romania). 

All the added tools for the module assembly, the traverse for the 
module lifting and the angular brackets were fabricated by the LN P 
Experimental Machine Shop. 

The module assembly was done by the. LNP JINR team. 

2 0-module assembly technology 

2.1 The incoming inspection of module elements 

The module assembly was done using the following elements: 

o the girder; 

· o 19 submodules (we have 19 submodules arrived to Dubna from ANL 
(Argonne, USA), CERN, IFAE (Barcelona:, Spain), INFN (Pisa, Ita
ly), Charles Un-ty and 1P of Acad. Scie. (Prague, Czekh), IHEP 
(Prot vi no, Russia); 4 submodules were glued in Dubna; 

o strip ·clamping (front plate); 

o 2 end plates; 

o 22 tubes, 0D = 8 rnrn; 
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o set of steel gaskets·(0.02- 0.8 mm); 

•_ screwsl\tJ16; 

• washers. 

Before module a~sembling the incoming visual inspection of elements 
arrived for assembling was done and also their main dimensions were che
cked to make sure of drawing conformity. 

The Girder. All the girder dimensions correspond to the shop draw
ings. The main interest of us was focused on the planarity of the contact 
surface of the girder's key projecti~n and on that surface twisted angle 
along the girder length. The planarity measurements were done just be
fore .the submodules installing. The girder was placed on the equally dis
tributed along its length supports of the module assembly main tool. The 
deviations from the horizontal plane were measured by Mini level in the 
support zones for two directions: for the longitudinal direction and across 
it. The measurement data were used to define of the locations and the 
thickness of the first gaskets between the girder and supports of the main 
tool for the module assembly. 

Suhmodules. Before assembling all the submodules were visua.lly in
spected. The special attention was paid to weld quality, to the glue absence 
and to the absence of appearing bushes in the slots for scintillators insert
ing. Moreover all the slots were checked if scintillators could be easily 
inserted. Sometimes (in the rare ca.ses) the sl_ots were too narrow. because 
some of the arrived master plates have too large excess deformation. . 

All the submodules obtained from collaborating Laboratories were che
cked if they are replaceable. For that check they were installed ---- one by 
one- to Dubna press-tooling used for submodules gluing. We found that 
we can make the submodules installing in an arbitrary order. 

Dubna, Protvino, and Prague submodules were covered by CORTEC
protection at JINR. The remaining submodules have been protected by 
CORTEC at CERN or in the places where they were glued. 

Strip clamping (the front plate). Strip clamping overall dimensions 
correspond to the drawings ones. However the plate straightness in the 
124 mm dimension plane (which was not indicated a.t drawing) was about 
4mm, but it didn't affect on the assembly quality a.s this non-straightness 
looked as one half- wave. 

End plates. The end plates geometric forms are quite simple a.nd 
therefore the plates didn't undergo incoming inspection procedure. How-
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ever during a~sembling procedure it was found that two holes at each plate 
(for fastening screws) were ba~ed about 5 mm away from the drawing indi
cated position. The plates were remilled on the milling machine in Dubna. 

Other elements. When the incoming inspection of the fastening de
tails, of 8 mm tubes and of the gaskets we had checked· their quantities 
and the completeness of the type/set. 

2.2 The list of auxiliary and tackle equipments for 
module assembling. 

To do the a.'"embly works successful the additional assembling tools were 
designed and fabricated besides the main assembling tool. 

To provide the manipulation possibilities with the ready module the 
traverse and the angular brackets were also designed and fabricated. 

Below follows the list of tools nsed when the module assembling: 

o the traverse (see Fig. 1) is used for the lifting and the transporta
tion of submodules in the horizontal position. It permits to rotate 
the submodule along longitudinal axis (for exaJTlple, before drop of 
submodule in to the bath to cover it by CORTEC). 

o turn over tooling is used together with brackets to·transfer the sub
module from the horizontal position to the yertical one; 

o the vertical jack (2 pieces): they are used for submodule lifting on 
the girder to insert the gaskets between the submodule strip and the 
girder; 

o the horizontal jack (2 pieces): they are used for pressing one sub
module to the preceding one; 

o the bracket is used for vertical lifting and the transportation of the 
submodule; 

o the traverse together with 18 brackets is used for the ready module 
lifting at 6 o'clock position; together with the two brackets, connected 
to the girder the traverse is used to transfer the module from the 
vertical position to the horizontal one with the help of the support; 
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• the angular bracket (10 pieces) together with ·10 brackets and the 
traverse are used for module-lifting at- 3 o'clock position a.nd (if it is 
necessary) at 1, 2, 4, 5 o'clock positions; 

o the supports (2 pieces) serve for .the ready module installation in the 
vertical (6 o'clock) position; 

o thesupport serves to transfer the module from the vertical position 
(6 o'clock) to the horizontal one (3 o'clock) and also for the module 
transportation by the car. 

2.3 The step-by-step consequence of the works when 
the module ilsserrtbling. 

2.3.1 Installation of the· main tool for the module assembling 

The base of the main tool for the module assembling is the rotary table of 
the milling machine with the two 400 x 550 x 35btl rnm beams belongiug 
to that machine. __ The rotary table djailieter is 6 meters. The beams were 
both put along the table diameter with .a gap betwben them in order to 
obtain 7500 rnm long basis.· The full set of the main tool drawings in the 
electronic form (.eps) is at WWW (ATLAS). 

All parts of the main toolfor the module asseml:iling {see Figs. 2, 3, 4) 
were fabricated by the "Nuclear& Vacuum" Corporation (Bucharest, Ro
mania) and were delivered to the Laboratory ofNuclear Problems (.JI N R) 
for final assembling. 

On the beams (placed on the rotary table) the supports for the girder, 
thy face brackets and one horizontal platform with the fence were succes
sively installed. 

The face brackets have been arranged to be symrnetrical relatively l.o 
the tool longitudinal symmetry axis. For the left face bracket the perpen
dicularity of its vertical surface to the basis was kept within 0.11 mm per 
1 meter. To define the verticality (or horizontality) of the surfaces the 2 
m precision straight-edge ·ruler and the digital minilevel were used. The 
scale accuracy of that minilevel is 0.01 rnm per 1 meter. 

2.3.2 Installation of the girder. 

The module assembling starts with the installation of the girder on the 
main tool for module assembling. In the longitudina.l direction the girder 
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is insl.alled firmly (closely) lo l.he hrackcl. left face. In I he cross direction 
1.1\('_ girdf'.r is installed firmly l.o t.wo dcd-um surfan·s 011 of t.hc main t.ool 
supports. 

Thr:• horizotJt.alit.y of the girdf'r~S kPy projection :mrfac<-' has h<'011 chPcked 
for two diredions (see iif:1n 2.1) without fixing of t.he girder- hy t.lw 
clamps ---- t.o t.he main tool :mpports. 

Further, ta.kiug into acCf?Ullt. the girder t.wistc•d angle tlw gaskets he
t.weC"ll the girder aud the utmost )('fl. support of the· mai11 tool mi two 
girder's sides were installed. On t-his support t.lw clamps was abo installed 
alJ(I rixed. After that the gaps hei.\\'PPil the gircl('r a11d supports of .the 
main tool for th<"' all point.s of support. were measured. Following t.o thf' 
nwa!--iUI'Pment. results th(:' shims wer(' insert.Pd to thP appropriatP places. 
The shim t,hickness was 0.05 1nm larger t.ha:.n measured gap \'alue. After 
that the girder was fixed to the main tool supports hy clamps. Further 
the surface horizontality of the girdc•r key projf'ct ion for two direct ions 
was· measured again as it Wal-:i'Tnentioiwd above. That. ·surfarP horizont.ali
ty for the longitudinal diredion_was getwrally uot. morC' than 0.~ nnn per 
1 nu:.tn·. 

2.3.3 Submodnle mounting 

Suhmodules are coming t.o t.he assc~mhly shop area i11 the horizm1t.al posi
tioll. To mount them on the_gird<"r and for COJI\'eya.tJ<T of pn•mount.ing vi
sual iJispediOIJ before assembling all the· subrnodulf's_!Ja\'{' hc-'<'11 t.raTtsfered 
in to t.he vertical position. l~or this opc•rat.ion t.hf' spPcial manipulation 
t.ool and t.he bracket are usc-~d. AftPr suhmodule t.ransfPrn·-d to it-s n•i·t.ieal 
posit.iou the bracket. remains at.tadu~d t.o t.he submodul<•. This hnwket. is 
used for submodule lifting whcu submodulc t.rausport.ing t.o t.lw location 
of mount.iug. 

'_['he submodule mounting coHsPqHf'IICC is: 

• to transport the submodule to the in!--it~.lling place on t.lw girder; 

o to l.urn in t.wo guide studs Ml(ixlOO in the suhmodul<' boU.om on 
the diagotial direction; 

• to let. down the suhmodule on it.s place, to t.ur11 out t.lw guide studs; 

• to press the submodulc to !.lu~ prec.f'(nug ·one using t.h(• horizoutal 
jacks; 
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• to S('f e~nd to 1iRht~n nnifonnly the G holts ~.Jl(j in oi·det to fix th<" 
suhrnodnlc to the girder; 

• to JJH'asu n• tlw gaps _j 11 the snhmod ule corners between the :-:;n hmod ulc 
st.rips and the girder; 

• to nwasnre the suhmodulc poslfiOII no11perpendicularity for two di
rections (_in_st~·-'_l_mcnts_ arC> :2 nu:-:1.('1" precision straighl:-cdgc ruler, the 
paltcrn, the minilcvd); 

• to ndcHiatc follm\'ing the ·nwasurement results--- ihe necessary 
Shi-Jtl thickness fn"r ·each (:orner of'-j_!Jf! SJ-t\){l-lOdulc; 

1 to compose the :;hims of th(;- ncn~:;sary thickness from the calihratcd 
shims- set of (thP composition accuracy is 0.0 L.rnm.); 

o to release the holts, to lift slightly the submodule using 2 vertical 
jf!~~ks," to set shims; _ 

o to tighten the submodule fixing bolts, to repeat the perpendi(:ularity 
measurements and -- in case of necessity - to correct the shim 
thickness; the allowed nonperpendi(:-ula.rity is-not Inore than 0.1 m:rn. 
p_~_r )- ~n._c(r;1·; · 

. . 
• to measure the dist.a.ncr from the lelt.'f(tce bracket.(ii-1 the suhnH>dule 

bol.fom si.rip zone} to the end of i.l;e lasfsuhmodule; to compare 
the measun!-meut result wi-th the dr~.wing figure; to calculate _·the 
necessary thicknCss of the gasket' to he i.nsefted hd_Wi~Ci1.su·l~modules; 

• to glue the necess-ary thicktJess·gasket to two sides of the subniodule 
in the zone between the submodule bottom strip and the girder key 
projection. 

(Comment: when the first suhrnodule mounting the 0.8 rnrn thick 
gaxkets were inserted bet.ween the left face bracket and the submod
ulc); 

• to tra.n:;port the next submodule to the installing plaCe on the girder. 

When the mounting of all submodules is finished the 08x6000 rnrn 
tubes we reinserted into all fa.ce holes of the module. In order to. keep the 
clastic bushes in the suhmodules in the right position the needle was put 
on the tube end. (llerc we JTI(~an the tubes for 137Cs sources). 
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2.3,4 Installation of the strip clamping and the end plates. 

The strip clamping plate is put symmetric relatively to the outer surfaces 
of the utmost submodules. Strip clamping plate welding to submodules 
starts from the middle of the central submodule to the edges. 

The weld seam is a.lternatively imposed on each side with the seam full 
cross section and the length up to 50 rnrn for one step, 

When one needs to pass over from one submodule to another one then 
in the gap between submodules it is necessary to set the technological 
cross-bar in order to prevent the decreasing of the submodule-submodule 
gap and/or even their touching at the top parts with following (possibly) 
binding when welding their part. Before welding the strip clamping plate 
is closely pressed to the submodules key way by the technology clamps. 

When the welding of the strip clamping plate to the submodules is 
finished then the horizontal platform and face brackets of the main tool 
for the module assembly are taken out and positioned near the assembled 
module on its one side. 

The end plates are clamped to the module faces. At the bottom the 
plates are fixed by bolts, in the top the are welded to the front strip 
clamping plate. 

2.3.5 The module g~ometry control 

The precision of the module external dimensions depends: 

1. on the production accuracy of the elements used for module assembly; 

2. on the precision of these elements relative positioning. 

The important geometry parameter which is depending on the assembly 
quality is the module side surface nonplanarity .. 

This parameter was measured twice: before welding of the strip clamp
ing and after that. The nonplanarity of the module was defined with the 
help of the one meter rangle ruler and the set of the feelers. The maximum 
nonplanarity measured before the weld works was equal to 0.4 rnmfrneter 
and after the weld works ~ 0.45 rnm/meter, 

The module length was controlled by the ruler for the different cross 
sections of the module. The measured lengths were the same and it equal 
to 5641 mm. 
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3 Conclusions 

0-modul(• was ddin·rcd 1-o ('EH:\ i11 the lwgiuning of ).fay'!Hi. Tll<'tl 11w 

:-iCilltillator pla1c~s (til('s). fiber:-; and dra\\'cr with clcctnmics wcr<' installed 
int.o the· modul1· a11d i11 r\ugust-S<~pl<'nd){'r it \\'<1s stHT<'ssfnlly t(·s11·d on tlw 

north l)('illll area at CEBN. 

Received by Publishing Department 
on January 28, 1997. 
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liyAaffiB !O.A. II llP· 
TexHoJiom~ ct5opKH MonynH-0 6appem1 aupmmoro KaiiOpHMeTpa 

ycTaHOBKH A TflAC 

EJ3-97c23 

0pe)l,CT3BJleHbT pe3y11LT3Tbl 3anepwaiOWefO 3Tana B C03)l3HHH MOJlyJJa-0 a,upoii

HOI'O KaJIOpHMeTpa ycTaHOBKH ATJlAC. CoJJiaHHe Monym~_-0 cTariO B03MmtoibiM 

6naronap51 COBMeCTHhiM ycHJJHHM B Tel.feHl-te }J)lHTeJihHOfO nepHO.Ua cneuHariHCTOB 

H3 ):(y6Hhl, liapcertollhl, UEPHa, npam, nll3hl, AproHHa, liyxapeCTa, npoTBHHO. 

·Pa6oTa BhmoimeHa s Jla6opciTop.MH a.riepHhJX npo6neM OH51H. 

Coofim:enHe 06t.cmmeuuoro uncnnyra lUlCPIIbtX HCCJieJtosanllii. 1Iy611a, 1997 

Budagov J .A. et al. 
ATLAS Barrel Hadron Calorimeter 
0-Module Assembly Technology 

El3-97-23 

The <<last step» of the 0-module production of the ATLAS. Barrel Hadron 
Calorimeter is described. This «last step» became possible due to long period Dubna, 
Barcelona, CERN, Prague, Pisa, Argonne, Bucharest, Protvino collaborative efforts. 

The investigation has been performed at the Laboratory of Nuclear Problems, 

JINR. 

Communication of the Joint Institute for Nucle"ar Research. Dubna, 1997 
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