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Abstract

An approach to constructing and assembly of TILECAL module is
proposcd. 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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2 MANUFACTURING OF STEEL.

2.1  Steel manufacturer choosing in RUSSIA.

Using our very recent {SDC/SSL counected) divect contact with different
RUSSIAN steel producing plants, hasing on onr detailed knoweledge of
their oflicial {state) standards as well as on onr divect experience with
these producers and their steel quality we have choosen as a main steel
producer the NOVOLIPEFTTSK METALURGICAL CONBINATI, - the
NENHN ar the LIPETSIN - city

This world wide known gigantic plaut has necessarvy technical pos-
sibilities to voll all hadron calorimeter steel during one shifi on one
rothne wull.

Techmology proposed here is based o NLMK hot rolled steel nsing,
Such a steel is an ordinary. regulary produced steel with no special or

additional demands needed to be mentioned.

2.2 Material specification.

As awain hadron calorimeter structural steel we propose a hot volled
steel shieets - this is Russian standard “CT-107 steell indicated mostate
standard as "TOCT 1050-787.

The CT-10 parameters ave the following ones:
¢ L'le chemical composition (max. allowed):

C' =0.14%: P =0.035%: S =0.04%



QUALITY CONTROL PROGRAN . At enrrent stage we do not con-
sider this problem {comment: Dubna and NLNIK have accnnmmlated sie-
nilicant /A and Q/C experience inclnding measnrements stages when
fabricating steel plates for SDC/SSC-Lab). We wonld add that we do

not limit onwrselves with QQ/C and QfA requivements at this moment.,

2.4 Conditious of steel plates storage and of their transporta-

tion to modules manufacturer.

On all staces of material transportation from its mamifacturer (o final
product producer all steel sheetsust he surely protected from moisture,
water acces to sheet smface.

When sheets transportation one must follow strictly slinging scheme,
use shnging lixturings and nse sheets packiug lixinres as well as pack
fransportation lixturimgs.

Sheets nmst be stoved stricktly horizontally, Storage place wnst be
dry. warm and with no dangerons for steel admixtures inair.

To avoid overloading of stovage it will be usefull to order that amonunt
of steel which is corvesponding to the hadron calorimeter compounents

production schedule.
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The linal list ofitems nnder coutvol conld be later deseribed in quality
control programme,

When sheets or packs transporting one umst follow item 2.4 demands,

3.2 Master plates production.

For 5th hadvon calovimeter protolype modnle fabvication we have ob-
tained from NLMK 510 Wen thickness steel sheets for master plates.

These tolerances were valid for the fll ovdered set of metall with tolal
weight of S tons.

In order to satisly the shop-drawing requirements of thickuess [3£0.05 mm]
we have decided to remove extra-thickness by chiemical etching, After
ctehimg in SAVELOVO the NLMIK steel sheets obtained the necessary
thickness. imdicated on drawing,.

We have observed the following negative features of this method:

o some degradation of surface quality: we had R, ~ 3.2 microns and

obtained 7, ~ 12.5 microns.

o some ncreasing of of thickness nommmiformity ol one masterplate
precutted sheet o The etehing process is not going nnilorinly dne
to very large preentted plate area.

o it was necessary (o clean chemically the plate snrface to remove st
(ortophosphor 50% concentration acid was nsed).

e plate production time was inereased.

Master plates production techuology we propose here is based on nse

of the all purshased rolled metal with no plates thickness mechanical

)
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3.2.2

Billets marking “on sheet™.

Before startinge sheets preentting cach shicet will obtain (by electric
pencili its identification mumber. I a speaial log-book we indicate
to what purchasing tdelivered) party ol netal s ¢iven precuntted

sheet belonging to. .. To make marking simpler we nse template,

. Sheet blank lav-ont.

To obtain preentted plates we nuse Guillotine shear. Scheme of orig-
inal plate entting is given on FIG L. Template is wsed 1o contonr
the cutting lines. .. Some other (then Guillotine shears) methods
are possible to obtain preentied plates,

Sheet rolling {straightening) if necessary,

Guillotine shear nsnally gives some flattness violatious of precntted
plate. Therctore such a plate needs to be straightend. Usinally it can
be achioved by additional volling which is necessavy before moving
plate for frther machining. .. When laser or mas eniting is nsed
such a distortion does not appear. so there is no need to straighten
preentied plates. Whal entting procedure will be in reality nsed

st be determined by master plates producer,

Precutted plates (billets) preparation for machining.

We propose master plates machining when they stacked in pack. Amonut

of plates in pack corresponds to (uantity of plates in - module plns

some technological reserve. If this lignre is fixed to be eqnual 120 (as

in 5th prototype wodule). then each pack will contain plates munbers
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o 4010 key ways in narrow wedge side

o satisfy the 155045 dimension,

3.2.6  Holes drilling with drill jig.

We drill the plate holes nsing the drill jig. This operation is done with
whole pack with 25 plates/pack. When placing of pack into drill jie the
plates locating is done with nse of SOmrmx 10mm and 100mmx 10mm

key ways, Drilling precission is illustrated by F1G.5.

3.2.7  Quality control.

The kinds. methods and amonut of controls as well as veport-forins can
be deseribed in special "Quality control program™. At cnrrent stage 1he

above mentioned operations are uot prescribed.

3.2.8 Tnteroperational storage.

Master plate billets, plates wnder machining. when storaging belweeu
operation and ready plates umst be kept in hiorizontally on solid support.

Storvage conditious for plates st be satislied as itemn 2.4 indicated.

3.3 Spacers production.

When fabricating ol 5th prototype modnle of h-cal we obtained the
NLMIK steel for spacers: 4710 0\ mm.
These fignres (tolevances) were valid for the all ovdered (4 tonus) metal.

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



2. The sheet Tay ont,
To obtain billets one conld nse the Guillotine shears. The sheet
thickness is allowing the horizontal knife endtiue and it does not
canse the billet’s edee enrving. The Tay ont scheme is given on
the FFIG.G. Some other methaods of hillets obtanming are possible

provided they conserve the billets Tatness.

3.3.2  Billets preparation for machining.

For machining the spacer plates are packed. \When Sth prototype spacer
producting pack had 5 billets. This lignve conkd be woticably larger

provided necessary technological preparation is done,

3.3.3 Holes drilling.

Originally in the pack of billets we drill two -~ 8mm base holes. These
are holes which will he nsed for speacer clamping when nss«‘lnl)ling.v
3.3.4  Contonr machining.

The billets pack locating is achievedd by 2 holes in fixturing device.
A possible spacer comtonr surface machining sequence see on FIG.7. Ma-

chining: by milling or planing.

3.3.5 Quality control.

The kinds. methods and amonnt of controls as well as veport-forins can
he described in special “Ounality control program™. At current stage the

above mentioned operations are not prescribed.



4 MODULE ASSEMBLING.

4.1 Reference information.

Werght of one volle of steel sheet oo o 0 15t
Weight of one meter of Hmmne sheet 1520510007810 % ... ... . GOkg
Weight of one weter of dmm sheet 152004.1000-7.8-10 % ... ... i8kg
Lenetl of S sheet voll oo L. e 250n
Length of dmme sheet voll cooo oo 3 2mn

To fabricate L loug modnle master plates
the needed amonut of steel is -'ﬁi%'—’”- ............................ {3in
To fabricate Tm long modnle spacer plates
the needed amonnt of steel is oo oo oo i 25m
Oue steel roll is enomeh to fabricate
master plates for oo o 5 wodules
spacer plates fov oo o o o [2 modnles
Fach voll (Tor master and for spacer plates) will he entted and stacked
m 5 packs each 3t heavy.
Fromn one pack (with Smm steel sheets) will he entted 120 master
plates for one I meter long modnle.

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

spacers necessary for 2.4 modnle of 1 eter length.

4.2 Stacking.

After machiniug 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
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By combining in this manner the packs of master plates and of the
spacer plates we will get modules heights all equal to 1068mm. Inreality,
dne to some gaps between plates, the module’s height conld be bigaer,

By having spacer plates ol different height one can correet the mod-
wle's height with £0.3mm precision (spacer plates thickness difference s |
within the 0.02=0.1mm range).

To achicve necessary latness of new period external surface when
stacking of periodinto modnle, it is important to stack master and spacer

plates accordingly their labeling (marking).

4.3 Module assembling in fixturing tool.

For l-meter modnle assembly we nse fixtnriug tool (FIG.9). This fix-
furine tool has two datnm (hase) surfaces.  These swrfaces ;n‘é nsed
for module master plates locating. Spacer plates necessary positioning
in modnle will be determined by slotted bushings. Modnle assembling
with nsing of hard base surfaces allowes one to achieve the modnle side
surface noullaimess equal to O.15mm (see APPENDIN 1),

Alter the necessary amonnt of master plates and spacers were stacked
they umst be compressed by studs acting throngh 20rnm thick plate. The
following action is modnle thickness measnrement. Il looks necessary, to
obtain desirable module heisht and plates Hatness some corvections could
be nndertaken with spacer plates exchanging. Studs thew is placed on
module and clamp it. |

After necessary modnle height is achieved the two base surfaces mmst



5 SUPERMODULE ASSEMBLING.

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

The module transverse positioning on to the girder is determined and
fixed by module’s key (was welded earlier). The key mmst be inserted in
girder’s key way.

Second module will e placed on girder close to first modnle. First /second
mocdnles distance is determnined by module moving anxillary equipment..

Modules load ou girder is transfered l,lu‘m.lgh key. The gap hetween
givder and master plates surfaces is equal 0.5mm. Second module is
moved towards the lirst one by jack.

By special anxillary tools the modules will be straped tightly. Then
third modnle 1s positioned and same (as with 2nd module) operationes
are repealted. Procedure 1s continmed with TV V VI wmodules.

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

d {ightend

inserted into snpermodule? Temporary counecting (clamping) equipment.

removed.
N
Key (localed in wedge narrow side) is welded to master plates. Wide
wedge side waster plates also were welded to the girder,
Now supermodule is prepared for the tiles to be inserted in.
The techuology proposed allow one to achieve the assembly preci- A

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

Q// SI‘)(
’memmm 3.{&,6{5 qre removed ou+ &')C mo dules

—




6 CONCLUSION.
of

Onelthe realistic option of hadvon calovimeter mamfacturing in RUSSIA
is considered here. The leading principles when (technoloay) chioosing

were the following ones:
o achievement of the vequired modnle and superimodule design pa-
rameters
o using of the ordinary. widely nsed equipinent.
o the most cheap steel nsing for the maim components production

o module and snpermodnles assembly on the master and spacer plates

production avea

o achievement of the necessary modules and supermodnles assembly

rate.
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