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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-rolled steel with some selection
criteria to fabricate good supermodule assembled from 1 meter long

modules.
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1 INTRODUCTION.

In this paper we have considered the prineipal possibility of mannfactur-
ing in RUSSIA (via JINR. DUBNA)Y of the ATLAS hadron tite calorime-
fer.

When technology development we have taken into acconnt JINR's ex-
perience in mannfacturing by DUBNA of bth prototype module (1m Jong:
57 periods of 18mm thickness eacl and 2 flanges of 20mim thickness
cach). N

As a basic design was taken " The standard Tilecal design™. existing on
the current stage of hadron calorimeter developing and manufacturing.

Were not changed the master plate’s external dimensions = fully
conserved the spacer geometry as well as that oue for tiles and con-
sorved spacer’s conuecting procedure with master plates by use of elastic
bushings and studs going across the full module thickness.

For the module asseainbly couvinience and to achieve the necessary
demauds to whole snpermodule geometry we have CHHANGED master
plates base svstemn (master plates locating) when assembling @ we mtro-
duced it module design an additional KEY.

More detailed information on introduced changings and nmodifications
in the module and supermodule design will be presented in sections 3.4

and 5.




2 MANUFACTURING OF STEEL.

2.1 Steel manufacturer choosing in RUSSIA.

Using our very recent {SI)( /881, comected) divect contact with different.
RUSSIAN steel produciug plants, basing on our detailed kunoweledge of
their official (state) standards as woll as o onr direct experience witly
these producers and their steel quality we have choosen as a mai steel
producer the NOVOLIPETSIs METALURGICAL COMBINATE, - the
NLMIK at the LIPITSIN - ity

This world wide known gigantic plaut has necessary technical pos-
sibilities to roll all hadrou calorimeter steel during one shift on one
rolling will.

Techmology proposed here is hased on NLMIX hot volled steel using.
Such a steel is an ordinary. regnlary prodnced steel witl; 1o special or

additional demands needed to be mentioned.

2.2 Material specification.

As a main hadron calorimetor structural steel we propose a hot rolled
steel sheets @ this is Rmissian standard “CT-10" gteel. mdicated in state
standard as "TOCT 1050-78".

The CT-10 parameters are he following ones:
¢ T'he chiemical composition (inax. allowed):

S =0.14%:; P =0.035%; S = 0.04%




o the mechamcal parameters:
R (elastic limit) = 190A1 a
12, (crack hamit) = 340A7 Pa

The hot-rolled TOCT 1050-78 Smam and dmm thick plates mmst be
have tolerances within the himts "_'_:;:_,'l'm.m, but in reality (onr experience)
the NMLK is able to have *{%mm tolerances for the thikness of one
(15 tons “unit”™) serialy produced sheet banded in 15 tous heavy roll.

Ronghness of sheet surface corresponds to 2, value in microns:

R, = (3.2+6.3)p

When steel producing NLMEK plant makes an anthomatic steel thick-
ness easureient and recording with 20 micron precision {valne of scale
eradation).

15 tous hicavy roll will he eutted on single 3.3+4m long sheets which
will be then stacked in 455 packs each 35358 heavy. It is foreseen that
for the first and last pack sheets thetr thickness will he measured and
recorded. All packs will he marked . Measnrement results will bhe nsed

at futher plates prodnction process.

2.3 Steel quality control.

All necessary kiuds of control, necessary corresponding tooling, the vol-

mwne of control as well as record formates can be deseribed m future



QUALITY CONTROL PROGRAM . At current stage we do uot con-
sider this problem {comment: Dubna and NLAK have accnnmlated sig-
nificant Q/A and Q/C experience mcliding measurenents stages when
fabricating steel plates for SDC/SSC-Lab). We would add that we do

not limit ourselves with )/C and Q/A requiremnents at this moment.

2.4 Conditions of steel plates storage and of their transporta-

tion to modules manufacturer.

On all stages of material trassportation from its manufacturer to final
product producer all steel shects st he surely protected from moisture,
waler acces to sheet surface.

When sheets transportation one must follow sirictly slinging scheine,
wse slinging fixtnrings and use sheets packing fixtures as well as pack
transportation lixturings.

Sheets mmst: be stored stricktly horizontally. Storage place wust be
iy warm and with no dangerons for steel admixtures i air,

To avoid overloading of storage it will be nsefull to order that” amont
of steel which is corresponding to the hadron calorimefer components

production schedule.




3 MODULE MANUFACTURING.

When disposing in RUSSIA the modules manufacturing order the final
chioice of producer will depend mainly on production schednle.

The potential wmanmfacturers in Russia could be JINR s machine-shop.
Savelovo machine tool plant. ATONMMASH-COMPLEX (VOLGODONSK-
CITY. 1200 ki off Dubua) .. .SAVELOVO is 15 ki ofl DUBNA.

The ATOMMASIT is a wnigue plant able to fabricate any inaginable
m nu)(l(‘rifin(luslr_\_' size steel systets up to ~10% tons heavy.

Jomt Tustitute for Nuclear Rescarch has long termn counectious to
ATOMMASH. The experience of cooperation is highly fruitfutl. .. Good

personal working contacts are established. ..

3.1 Steel storage. Incoming inspection.

When receiviug of the steel (by spacer/master plates producer) from
NLAMIX producer mmst make the incoming etal inspection.
For such a coutrol the following information mmst be available for

checking:

heat unber

o slab muuber
o sheet pack nunber
o sheets thickness measurement results

o other
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The final st of items under control conld be later described in quality
control programme.

When sheets or packs transporting one mmst follow item 2.4 demands.

3.2 Master plates prodnction.

For 5th hadvon calorimeter prototype module fabrication we have ol
tained from NLMK 530 bmm thickuess steel sheets for master plates.

These tolerances were valid for the full ordered set ()f]il;‘l,el.ll with total
weight of 8 tons.

Iu order to satisfy the shop-drawing requirements of thickuess [540.05 mm|
we have decided to rewmove extra-thickness by chemical etching. After
etching in SAVELOVO the NLMK steel sheets obtained the necessary
thickuess. indicated on drawing.

We have observed the following negative features of this method:

e sowe degradation of surface quality: we had R, ~ 3.2 microns and

obtained R, ~ 12.5 microns.

e sowe Iucreasing of of thickness nommiforinity of one mas'I erplate
precutted sheet .. The etehing process is not going uniformly dne
to very large precutted p ate area.

e it was necessary to clean chemically, the plate surface 1o reove st
(ortophosphor 507 concentration acid was nsed).

e plate production timme was increased.

Master plates production technology we propose here is based on nse

of the all purshased rolled metal with no plates thickuess mechanical

S



treatineut (no machinmng). With such an approach we conserve good
initial sheet flatmess. surface guality on the 12, = 3.2mkm level and

achieve the necessary geometrical precision of modnles production.

3.2.1  Billels preparation.

When preparing the master plates-hillets from original shieet we do take

mto acconnt the steel volling technology. To be short it looks as follows:

e 15 tons heavy slab is passing throngl aset of a few pairs of the
rolling shafts,

o What comes ont looks like a steel roll with preliminary settled

(known) thickness with )%%mm tolerances.

¢ Iu general case (phenomenological fact) steel thickness m roll is

uniformly decreasing from begining to the end of voll.

o After roll was cooled down steel will be Hattned by passing between
rolling shafts (steel bobbiu gets nurolled. .. ).

¢ In snch a way obtained long sheet. will be cntted on gi\‘e‘li (fixed)
length pieces.

o next stepis a final sheet flattening by passing between rolling shafts.

o sheets stacking 1 a packs of given dimensions.

As a result we obtain smooth thickness decreasing fronm oune to an-
other sheet’s end. In order to avoid the systematic thickness difference
acnmnlation when module assembling it is necessary to introduce billets
marking and use a’priory established sheet cutting schene.

9



L. Billets markine “on sheet ™.
Belore starting sheets precutting cach sheet will obt ain (by electric
penciliits identification nnber. In a special log-hook we indicate
to what purchasing (de ivered) party of metal is given precutted

sheet belonging to. .. Te make marking simpler we nse template.

2. Sheet blank lay-ont.

To obtain preentied platos we nse Guillotine shear, Schemne of orig-
inal plate entting is given ou FIG.]. Template is wsed to coutour
the entting lines... Sowme other (then Guillotine shears) methods

are possible to obtain precutted plates.

w9

Sheet volling (straight ening) il necessary.

Guillotine shear nsnally gives some fattness violations of precutted
plate. Therefore snch a plate needs to be straightend. Usnally it can
be achieved by additional rolling which is necessary before moving
plate for mrther machining. .. Wheu laser or gas cutting is used
such a distortion does not appear. so there is no need to st,i‘a.ighl.en
precutted plates. What entting procedure will be in reality nsed

st be deterniined by master plates prodncer.

3.2.2  Precutted plates (billets) preparation for machining.

We propose master plates machiniug when they stacked in pack. Awmonut,
of plates in pack corresponds to quantity of plates in I-in module plus
soe technological reserve. If this fignre is fixed to be eqnal 120 (as

im 5th prototype module). then each pack will contain plates numnbers

10




o 40x 10 key ways in narrow wedge side
o satisfy the 1550 3 dimension.

3.2.6  Holes drilling with drill jig.

We drill the plate holes using he drill jig. This operation is done with

whole pack with 245 plates/pack. When placing of pack into drill jig the
1 1 1 1 gol] ng

plates laocating is done with nse of 50mmx10mm and 100mmx 10mm

»

kev wavs: - Drilling precission is illustrated v FI1G.5.
A ) g1 A

3.2.7  Quality control.

The Kinds. methods and amount of controls as well as report-forns can
be described in special "Quality control programn™. At current stage the

above meutioned operations are uot prescribed.

3.2.8 Interoperalional storage.

Master plate billets, plates mnder machining. when sloraging hetween
operation and ready plates nmst be kept in hiorizontally on solid support.

Storage conditions for plates must be satislied as itemn 2.4 indicated.

3.3 Spacers production.

When fabricating of 5th prototype module of li-cal we obtained the
NLMK steel for spacers: 4190 mm.
These fignres (tolerances) were valid for the all ordered (4 tons) metal.
S \

Spacer’s thickness tolerances indicated on drawing were £0.1 mm.




As master plates were thicker then it was indicated ou drawing and
we decded to nse chemical etelnug, so for some spacer plates we also
used etching. Remaining spacer plates passed grinding.

After snch a treatment (etching or grinding) all spacer plates thickness
was not more theu 4.05 mm.

Negative cousequences of treatinent:

e we were not able to obtain spacers which look (by eve) identically

o alter grinding we had to do additional operation: straightening of

SOME Spacers

For spacers production now we propose the technology based on use
of hot rolled steel but without spacer thicknoss machining. With such a
technology we conserve excellent, initial plates Hattness, surface quality
ou the R, = 3.2mhkm level aud keep the necessary module prodnction

geotelry precision.

3.3.1 Billels preparation.

Steel sheets preparation technology for spacer and master plates is iden-
tical, sce item 3.2.1. Therefore hiere is also necessary to have billet’s

marking and lay-out schene.

1. Billets mnarking.
Eaclh billet mmst have its adentification munber done by electric-
pencil. I a special log-book we indicate to what set of metal the
given billet. mmnber is belongimg to.  For marking sunplicity the

template 1s used for lay ont.



As master plates were thicker then it was indicated on drawing and
we decided to nse chemical etehing, so for some spacer plates we also
used etehing. Remaining spacer plates passed grinding,

Aflter such a treatent {etchimg or grinding) all spacer plates thickness
was not. more then 4.05 nun.

Negative conseqnences of treatment:

o we were not able to obtain spacers which look (by eve) identically

o after grinding we had to do additional operation: straightening of

SOULE Spacers

For spacers production now we propose the technology based on use
of hot rolled steel but withont spacer thickness machiniug. With such a
techimology we conserve excellent initial plates fattness. swrface (uality
ou the R, = 3.2mkm level aud keep the necessary modnle prodnction

geowetry precision.

3.3.1 Billets preparation.

Steel shieets preparation techuology for spacer and master plates is iden-
tical, sce item 3.2.1. Therefore here is also necessary to have billet’s

marking and lay-out scheme.

1. Billets inarking.
Lach billet mmst have its identification munber done by electric-
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2. 'The sheet lay ont.
To obtain billets one could use the Gnillotine shears. The sheet
thickness s allowing the horizontal knife cntting and it does not
canse the bhillet’s edge curving. The lay ont scheme is given on
Lhe FIG.6. Some other methods of billets obtaining are possible
provided they couserve the billets flatness.

3.3.2 Billets preparation for machining.

For machining the spacer plates are packed. When 5th prototype spacer
producting pack had 5 billets. This figure conld be noticably larger

provided necessary techimological preparation is done.

3.3.3 Holes drilling.

Originally in thie pack of billets we dnll two 8mm base holes. These
are holes which will be used for speacer clamping when assembling.
3.3.4 Contour machining.

The billets pack locating 1s aclnevedd by 2 holes in fixtnring device.
A possible spacer coutonr-surface machiniug sequence see on FIG. 7. Ma-

chining: by milling or planing.

3.3.5 Quality control.

The kinds, methods and amonnt of coutrols as well as report-forins can
be described in special " Quality control program™. At curreut stage the

above mentioned operations are not prescribed.



3.3.6  Tuteroperational storage.

Spacer billets, spacers when futeroperational storage and ready spac-
ers nimst be kept horizoutally on solid basenent. Spacer’s storage and

transportation must follow item 2.4




4 MODULE ASSEMBLING.

4.1 Reference imformaticn.

Weight of one volle of steel sheet ooooo i i L 15¢
Weight of one meter of Hmen sheet 1520-5-1000-7.8-10 ¢ ... ..., 60kg
Weight of one meter of 4mm sheet 1520-4-1000-7.8-10°°% ..., ... 48kg
Length of Srnm sheet voll Lo oo oo 250m
Length of dmm sheet voll oo oo 312

To fabricate [m loug module master plates
the needed amount of steel s L‘M ............................ 48m
To fabricate lm long module spacer plates
the needed amonnt of steelds ..o o i L 25m
One steel roll 1s enongl to fabricate
master plates for oo o i 5 modules
spacer plates for ..o 12 modnles
Each roll (for master and for spacer plates) will he cutted and stacked
m 5 packs each 3¢ heavy.
From one pack {with Smm steel sheets) will be entted 120 master
plates for one 1 meter long module.

From one pack (with 4mm steel sheets) will be cutted the amonut of

spacers necessary for 2.4 modle of 1 meter length.

4.2 Stacking.

After machining 120 ready master plates are stacked in one pack. As to

spacer plates they also are stacked: 60 plates in one pack. Then for all

16




master plates packs the pack height is ieasured nnder 20 tons pressure. -
Spacer plates pack height is measnred mder 2 tous pressure /pack.

When steel sheet rolling its thickuess at the begming of voll (bobbin)
is 4.0mm and at the end - 3.9mm.

Correspondingly for Hmm sheets the thickness at the voll hegining is
5.0mm and at the end - 4.9mm.

Sheet thickness along the steel length i roll is given on FI1G.8.

Thickness changing along the length gives as a vesilt some difference
i height of the fivst and the last pack of 'rm;.sl(‘r plates: this difference is
0.02-4:120 = 9.6mm.

For the Smm tmil'orml.\'}I.hi('k steel moroll the expected master plates
pack thickness wonld be 5.0:-120 = 600.0mm high. Due to steel thickuess

decreasing along the voll it will happen that the first pack height will be

Dy ﬂ.(l?-%%?(l = 1.2mm smaller and equal to ... 598.8mm.
For second pack ..o oo oo e D96 dmum.
For thivd pack ..o e H5H.0mm.
Forfourth pack ..o o i i . 29L.6mm.
For ifth pack ... o 589.2mm.

Spacer plates fivst pack height will b 239 4mam. Tast spacer plates
pack height is 234 Emm

For the first modnle mamfacture we lake 598.8mm high first master
plates pack and the last, 234 énaliigh. spacer plates pack.

As spacer plates location i module is a staggering oue. it will double

the module height aud the last one 1s equal

H = 598.8 + 2-234,6=1068 mm

module 1
i
For +he 5th module production we +taxe last masler pldates pa

$89,2 mm thik) and tawe first Spacer plates pack 2394 mwm
itk and as artesolt we obtain



By combining in this manner the packs of master plates and of the
spacer plates we will get moduies heights all equal to 1068mm. In reality.
due to some gaps between plates, the module’s height conld he bigger.

By having spacer plates of different height one can correct the mod-
ule’s height with £0.3mm precision (spacer plates thickness difference is
within the 0.025-0.1mm range).

To achicve necessary flatuess of new period external surface when
stackiug of period into module. it isimportant to stack master and spacer

plates accordingly their labeling (marking).

4.3 Module assembling in fixturing tool.

For 1-meter module assemnbly we nse fixturing tool (FIG.9). Tis fix-
turing tool has two datwun (hase) surfaces.  These surfaces are uwsed
for module master plates locating. Spacer plates necessary positioniug
iu module will be determined by slotted bushings. Module assembling
with using of hard base swrfaces allowes one to achieve the module side
surface nouflatness equal to 0.15mm (sce APPENDIX ).

After the necessary amount of master plates and spacers were stacked
they must be compressed by studs acting throngh 20mm thick plate. The
following action is module thickuess measurement. If looks necessary, to
obtain desirable module height aud plates flatness some corrections could
bhe undertaken with spacer plates exchanging. Studs then is placed on
module and clamp it.

After necessary module height is achieved the two base surfaces nmst.

I8




bhe removed from fixtoving tool to get free acces to modnle.  Then
key is welded (o wide wedge side) to master plates. After that two
FO00x 40 10man® plates nmst be welded e narrow wedge side. Now

module is ready for assembling into superwodnle (FIG10: FIG. L),

19



5 SUPERMODULE ASSEMBLING.

Assemnbled module is rolled over its narrow side np and then placed on
girder with help of rather special anxillary equipment able to move the
module (FIG.12).

The module trausverse pos:tioning on to the girder is determined and
fixed by module’s key (was welded earlier). The key st be inserted in
girder's key way.

Second module will he placed on girder close to first module. First /second
modules distance is determined by module woving anxillary equipinent..

Modules load on girder is transfered through key.The gap between
girder and master plates surfaces is equal 0.5mm. Second module is
moved towards the first one by jack.

By special auxillary tools the modules will be straped tightly.  Then
third modnle is positioned and same (as with 2nd module) operationes
are repeated. Procedure is continned with TV. V. VI wmodules.

In the/narrow wedge side key way "\.will be inserted 5980mm long key.
Key is fixing the modules relative positioning. Next step: all studs are

o {i 9/)’2‘2 o

mselled into supermodule Tempol ary counecting (clamping) equipment,

removed.
Key (located in wedge narrow side) is welded Lo master plates. Wide

wedge side master plates also were we]de(l to the girder.

Now supermodule is prepared for the tiles to be iuserted in.
<
The techimology proposed sllow one to achieve the assembly preci-

sion (along the supermodule length) equal to £2mm;: supermodules side

20
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sufaces £0.25mm nonllatness 1s also techmcally achievable.

After tiles were mserted into supermodule {with fibers) the super-
wodule side surfaces ave covered by O.lmm t1ick, 300 wide stainless
steel foil. Foil strips are laying on along the snpermodnle and tightened
by 750kg force for cach strip.

Supermodule lifting. transporting and positioning will he done by

standard lifting /rolling fixturings.

5.1 Qll?{lity coutrol.

On current. production stage needs no special regulation.

5.2 Packing and storage.

To avoid mst appearing on supermodnle during storage period and trans-
portation. each supermodule st be coverec. by polvethylen filin case.
The case must be slightly vacmunized to prevent outside air moisture
lw] .
condensation inside case,

Supermodule storage mmst take place in dry. wann. closed bnilding.

5.3 Transportatioun.

Rail-way supermodule transportation is supposed. For tranusportation
period supermodule st be protected agaimst damagings and moisture

or water penetrating on supermodule details



6 CONCLUSION.
of

Ouclthe realistic option of hadron calorimeter mamfacturing in RUSSIA
is considered herve. The leading principles when (technology) choosing

were the f()ll()\\‘ing ONes:

o achievewent of the vecnired module and superinodule design pa-

rameters
o using of the ordinary, widely used cquiptent,
o the wost cheap steel using for the main components production

o module and supermoduies asseibly on the master and spacer plates

production area

o achievement of the necessary modules and supermodules assetbly

Tate.



7 APPENDIX 1

The module side surface nonliatness depends on the following parame-

Lers:
L. The nonaceuracy of the master plates side surfaces machiniudg by
plauning: the achievable tolevdnces 1s £0.02mm.
2. The manufactuwred drill jig nonacenracy: it alfects when master
plate surface machining: the achievable “olerance is £0.02mm

The master plates key wavs machimung nonacenracy.  These key
o 03 [ ] . «

<o

ways are the datmin surfaces: the aclievable tolerance is £0.02mm

4. The gap between the key and the master plate key way: achievable

tolerance 1s 0.04

5. Fixturiug tool surfaces nonacenvacy: achievable tolevance is £0.02mm.

The mean (uadratic ervor of datm swrfaces machining is:

§= S+ &+ 8+ 6 +62=V5 0042 = 0.lmm

If some of the plates will have more than & = 0.15man tolerances they

will be grinded on the assemble module up to the required tollerance.
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Production by com patible(additive) components
High Components identity /by diH. mqnu{aol«rerS/
| dentica l modules s+ructure
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