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Introduction

The Barrel Module production at JINR goes well in accordance with the plan.
By the beginning of October 2001 we have completed the assembly of more
than 51 Modules.

Having non-ideal Module parts such as girders and submodules [ref. 1, 2] we
are trying to do our best to produce Modules with side surfaces as flat as
possible. We are learning to solve this problem with time, getting experience in
the assembling process and slightly changing its technology. These changes
allow us to accept some parts that were put aside earlier and yet to get correct
Module assembly. Though all these take more efforts and time than before, we
still keep our previous tempo of production, namely one Module in two weeks.

Module assembly under double top line control
During Module assembly we use the Laser Measuring System (LMS), which

is described earlier in the ATLAS TILE-CAL report and Notes [1,2]. Its
principle can be understood from Fig.1
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Fig. 1 Laser Measuring System (on the module top line)
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The idea (Fig.1) is to measure distances from the side module (or submodule)
surface to the laser ray with the help of a quadrant photo-detector and a micro
screw on its base support. We use the LMS for adjustment of submodules during
module assembly as well as for final measurements of the finished modules or
other objects.

The new method of the submodule adjustment binds to a necessity to use as
much as possible already produced submodules and yet to keep module within
the given tolerances.

Starting with module 23 during module assembly we begin submodule
position measurements on both module sides (A;i-B; in Fig.2) at the top lines.
With these results, we adjust submodules in an optimum position (Fig.3). This
mode of measurements allows us to use some moderately distorted (mainly
twisted) submodules that were earlier regarded as unfit and still to keep side
module surfaces within tolerances. As one would expect, this procedure takes
more time then earlier. It should be mentioned that the use of practically all
submodules increases the average nonplanarity of the side surfaces of the
finished modules (see Fig. 4).
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Fig.2 Double top line control (top-view)
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Fig.3 Resulting positions after adjustment (top-view)



Current State of Measurement Results

The main results of the measurements of 51 finished modules are shown in
Fig.4, 5. Here one can see that all modules are well within tolerances. All
positive ("+") deviations off the nominal plane are less than the allowed ones (+
0.60) at least by a factor of 2. A gap in Fig.4 means zero maximal deviation of
module 21. Figure.4 shows that after improvement (in average) of the accuracy
of the assembly process, maximal deviations became larger again, starting with
module 22. This is because we began to use distorted submodules, that we could
not use earlier. Namely from this point on we are using the double top-line
control described above.

The negative ("-") deviations are more noticeable (Fig.5). This might be
explained by a rather stable tendency of the manufacturers to avoid the "drift" of
the submodules beyond the tolerance in a positive deviation region, which
would be more dangerous at the Barrel assembly stage.

Both figures show that the LMS technology really guarantees a high quality of
module assembly.
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Fig.4 Maximal positive (+) deviations of module side surfaces off the nominal
planes.
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Fig.5 Maximal negative deviations (=) of module side surfaces off the nominal
planes

Future laser measuring system upgrading

We propose to carry out further system development through automation of
the adjustment procedure, "zero-keeping" and increasing measurement
precision. It would be very convenient to make another Laser Measuring System
at CERN too.

Conclusions

e The results obtained with the new LMS-based adjustment procedure during
module assembly allow us to guarantee the desirable high precision of
finished modules, even if we use moderately distorted submodules.

o The laser-based measurement system can be used to check different large-
scale units. In the combination with other means of measurement, the method



can be a significant element of more general adjustment procedures during
the assembly of the ATLAS subsystems or the ATLAS as a whole.

[

ACKNOWLEDGEMENTS

We would like to thank V.Romanov and leadership of the Central JINR
Workshop for the efficient technological guidance and V.P.Vinogradov,
V.N.Sotnikov, B.A.Shishigin for assembly of the MODULES. Authors are
grateful to M.A Nazarenko for efficient information support of the WWW site:

" http://atlasinfo_ jinr.ru/TILECAL/dm_m/ "

References
1. ATLAS Tile Calorimeter (technical design report) CERN/LHHC/96-42, 1996
2. Particles and Nuclei, Letters #2 [105], 33, JINR, Dubna

Received by Publishing Department
on December 10, 2001.



Barycos B. 10. u ap. E13-2001-257
Pa3BuTHe J1a3epHOTO METONIA H3MEPEHHHA
NpH MpOU3BOACTBE MOAy/eHl Taill-KanopuMerpa ycraHoBKH ATLAS

IlpeacTaBieHbl pe3yIbTaThl BBIIONHEHHBIX C IIOMOLLBIO J1a3epa H3MepeHHi 51
monyns 6appens, xoropsie co6panbl B OMSH x Hauany okta6ps 2001 r. [lna Toro
4T00bl MCTIONIB30BaTh MPAKTHYECKH BCE MOCTAB/IAEMble HaM CyOMOIYH, MBI GbUTH
BBIHYX/IEHBI YCJIOXHHTh H3MEpEeHHd NpH cOopke Monyieii. Tem He MeHee CKOpOCTh
npou3soAcTBa GbuUTa coxpaHeHa NpexHei — 1 Momyb 3a 2 HeleNlH.

PaGora sbimosnineHa B JlaGoparopun anepHbix npo6iaeM uM. B. I1. Ixenenosa
OWIN.

Coobwenne O6beMHEHHOrO MHCTHTYTa SOEPHBIX HccnenoBanuii. Iy6xa, 2001

Batusov V. Yu. et al. E13-2001-257
Development of Laser Measurements
at the ATLAS Tile Calorimeter Module Production

We present the results of the laser measurements of 51 Barrel Modules assem-
bled at the JINR by the beginning of October 2001. To use practically all submod-
ules supplied by the manufacturers we were forced to complicate measurements
during the assembly process. Nevertheless the rate of production remained
the same — 1 Module in 2 weeks.

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