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Abstract

In this article we expose the main problems of the mass production of the so-
called "spacer plates” for ATLAS Barrel Hadron Tile Calorimeter. We describe
all the practical solutions of these problems. Particularly we present the mea-
surement procedures and calculation schemes we used for the spacers dimensions
determination. The results calculations are presented when this article preparing

we have widely used the Dubna group reports on September’98 and November’98
engineering TILE CAL meetings at CERN.

1On leave from SamSU, Samarkand, Uzbekistan
20n leave from IHEP, Thilisi State University, Thilisi, Georgia



1 Introduction

In this article we would like to expound the experience we have accumulated in connection
with mass production of so-called ”"spacer absorber plates” for the ATLAS Barrel Hadron
Tile Calorimeter.

We remind that original task was to manufacture 20400 full sets of spacer plates
or-totally-244800 plates of 12 types which differ by their dimensions (Fig.1 and Fig.2).
All the plates are flat. Production material is cold-rolled steel of Fe-360 type, 4.0540.03
mm thickness. Typical spacers manufacturing precision is 100 microns (+0.1mm). We
were limited (for plates production) by not more than 20400 steel sheets (1620mm long,
400 — 410mm wide).

By the moment we began to search for the firm for spacers mass production and to
the manufacturing technology we already had the experience of spacer plates production
in 1996 by laser cutting for the MODULE-0 [1].

Because of some unstable of work of relatively cheap laser cutting machines and due
to high production price on the high precision laser set-ups, we have decided to consider
another option of spacer plates manufacturing, - by blanking stamping technology.

But for the final accepting of this technology one had to solve 2 main technical
problems:

1. to find such scheme of steel sheets cutting when our ”allowed” quantity of 20400
sheets (400 x 1620mm?) will be enough for production of 20400 spacer sets;

2. to be convinced that blanking stamping based on relatively simple stamp will
definitely give the desirable manufacturing accuracy for the produced plates.

To solve the first problem we have undertaken the set of consultations with stamping
experts. We received different technical proposals, but no one of them had fit our
demands.

At this starting stage of work it was highly important to determine the minimal
allowed dimension of the straight arch between neighboring details when steel sheet cut-
ting. To find the solution we have proposed and performed an experiment to determine
the minimal size of straight arch. When spacer #12 stamping on the Slovakia plant in
Belusha-town each 6% spacer from one plate was stamped with the different size ”S”
of the straight arch (Fig.3) between sample #5 and sample #6. Before the 6'* sample
stamping the "1 mm” long "extra steel” strip was cutting out by guillotine.

In the result of this experiment we found that for out steel type would be enough to
have the minimal guaranteed straight arch of 6 mm width. Starting from this result we
have developed our own final theoretical scheme of the steel sheets cutting (Fig.4).



Following to this scheme we planned to cut 20221 steel sheets (1620mm long, 400
and 410mm wide) to produce 20400 full sets of spacers. To run ahead we would like
to say, that our cutting scheme was used efficiently when designing and constructing
of punching dies both on Minsk Plant ( Belarus ) and on Dubnica- nad- Vahom Plant
(Slovakia) to produce spacers for Barrel and Extended Barrel respectively. At Minsk,
due to some technical reason, our layout scheme was slightly modified (Fig.5), but the
changing were not of principal character.

To solve the second problem we signed contracts with Minsk Tractor Plant (Minsk,
Belarus) and with ZTS-plant (Dubnica n/V, Slovakia) to produce experimental dies.
Both stamping dies produced have demonstrated satisfactory results when experimental
stamping [2].

Finally, taking in to account all the factors [2], we have signed contract with MTP
(Minsk, Belarus) to manufacture there the spacer plates for ATLAS Barrel Hadron Tile
Calorimeter.

2 Spacers production in Minsk

Spacer plates stamping in Minsk was essentially completed for 5 months period of "mid-
dle of July - middle of December”, 1998. During this time 99% of total amount of plates
was produced at Minsk not less than 100% of each spacer type were manufactured .
At the moment of this article preparing we need to stamp the remaining 2270 units of
spacers #11. Their production was stopped because of the temporary lack of steel.

Our analysis shows that there are different reasons for the lack of steel. It looks
instructive to list the reasons:

o use part of steel sheets for the experimental stamping when stamping dies qualify-
ing;
e mistaken manufacturing of more than necessary details when stamping;

o discrepancy between the originally ordered amount of steel and the really need-
ed amount. Discrepancy appears because we received the steel sheet by weight,
although some steel sheets length was sometimes (1-1,5%) larger than expected
(plant nominal)This is why quite possible to expect that the arrived to us quantity
of steel sheets can be about (1-1,5%) less than necessary for spacers production;

e others.



2.1 Steel storage in the plant

The Prague steel was unloaded and moved for storage directly on the territory of press-
working shop. To reduce the occupied storage area for the pallets the last ones were
positional in two layers. Each pallet had 3 wooden supports. It allowed us to avoid the
deformations of the steel sheets when storage.

2.2 Preliminary cutting of steel

The steel cutting into strips was made on the guillotine. Before the start of work the
guillotine was tested. The attention was paid to the quality of the edges of the cutted
strips and to the cutting precision (+1mm).

After we obtained the satisfactory preliminary results the steel sheets cutting was
carried out following to the cutting scheme (Fig. 5). The steel sheets for spacers ##4,
5, 6, 10, 11, 12 were cut out on two equal parts to reduce the weight of billets (Note: all
the personal involved are women). The cutting scheme for spacer #9 was changed what
was caused by the stamp design.

No technical problems were met when cutting.

2.3 Stamping of spacers

Before the individual spacer mass production the corresponding stamping couple was
certified. Stamp certification was based on the results of measurements of six spacers.
As a rule all stamps had needed the corrections just after the first inspection. The only
exception was the stamp for spacer #7.

The spacers mass production has began on July, 10", -practically immediately after
the master plates production was successfully completed.

When spacer plates manufacturing we took into account that the master plates in re-
ality came out narrower than it was planned at the very beginning on he earlier designing
stage.

By our PROTOCOL N1 on July 01, 1998 we have changed the tolerance field for A
and B dimensions of the spacer plates from +0,1 (old ones) to 40,1/ — 0,2mm (new
ones).

The new tolerance field for these dimensions allowed us to speed up noticeably the
attestation of stamps.



2.4 Quality control program performance for spacers

In accordance to QC program we have carried out the necessary control measurements
of spacers:

e cach 30" - on the go-calibre;

e cach 600" - following the full scheme of the measurement with using of the digital
height gauge.

As the part of the main dimensions (A and B) and also the asymmetry of the spacer
elements positioning cannot be measured directly, we have developed the corresponding
measurement scheme for the each spacer type. Based on these measurements data we
then calculated the A and B dimensions and determined the non-symmetry of the spacer
elements.

The measurement scheme presented below was obtained as our experience evolution
and differ from our earlier procedures.

The very original measurement schemes were based on the idea to use - as a basic
tool - the calipers to measure all the dimensions of spacers [1]. When they MODULE-0
spacers manufacturing just these scheme were used, and were quite acceptable for small
series production (about 650 spacer sets).

However when we overcame to the large scale manufacturing our measurement schemes
had to be changed as they became to be fully inconvenient, unpractical. Besides that
when using the calipers the high level experts were needed, as in opposite case the subjec-
tive factors (brase) were unavoidable. And finally: to measure the necessary ”starting”
of spacer dimensions one needed about 30 minutes (and for spacer #12 some 90 minutes).

When spacers mass production one needed to perform quite a fast "geometric pa-
rameters” measurements. Also when stamps attestation we had to fast (for some 30-40
minutes) measure 5-6 plates to obtain fast solution if stamping process can be continued
or stamps are to be taken out of press for further modifications All these circumstances
forced us to critically revise the scheme and methods of measurements.

As a result we have developed and used the measurement scheme presented on the
Fig’s 6-9. Here the basic idea is: all the dimensions we needed were measured with
digital height gauge. The following positive features were reached:

e the objectivity of the results obtained by moderate qualification personnel; the
date obtained were less subjected to personal origin brase due to variations in
measurement tool positioning relative to the spacer measured.



e convenience in use of the tool and in manipulating with spacer during the mea-
surement steps.

e one plate measurement time was noticeably reduced and reached 7-15 minutes
depending on the spacer complexity.

To guarantee the production quality (remember: we used a very large tractor plant!)
we permanently had in the MINSK TRACTOR PLANT one representative of Dubna
Institute. His duty was the direct participation in spacer geometry measurements and
the very general accompanying of the all the production stages with no exceptions. All
conflict questions were solved only with Dubna representative person participation (”last
word” right).

During the 5 months of spacers production period we changed our representatives
(totally 4 persons were involved). But their overlapping it was foreseen to transfer the
experience and guarantee the succession. All actions were framed into the ”Instruction
to carry out the spacers measurements on MTP”.

The "Instruction” had included the measurement technology and some important
practical advices significant for correct measurements performing.

Fig.6 gives the measurement scheme for the spacers ## 1-5, 8-11.

All the measurement data entered to the protocol and after that one calculated the
corresponding parameters:

A= (Cll + as — dl) X 1,0012 + 1,57,

B = (bl + bz — dg) X 1,0012 — 1,57,

(G1 — G3)/2 is the non-symmetry of the positioning of the of the "E” dimension
relative to the "H” dimension;

(a1 — a3)/2 is the non-symmetry of the hole axis positioning ”d;” relative to the ”A”
dimension;

[(@1 —az)/2+F] is the non-symmetry of hole axis positioning "dy” relative to the ”A”
dimension;

[(a1 — ag)/2+F — (by — b2)/2] is the non-symmetry of the positioning "B” relative to
the ”A” dimension;

The sign ”+” or 7-” in front of "F” is determined by plotting of the real location
scheme of the axis of holes d; and d; relative to sides A and B of the spacer under
measurement.

The d; and dy diameters were determined by calibrated pins.



On the Fig.7 we present the measurement scheme for spacer #6.
Here:

A:]X7+l1+l2+0,2;
dy + d

B:E—|—(bl—|—bz— ) ><1,0012—1,57
On the Fig.8 we present the measurement scheme for spacer #7.
Here:

A= (Cll + as — dl) X 1,0012 + 1,57,
B = (bl + bz — dg) X 1,0012 — 1,72

All other as for spacer #1.
On the Fig.9 we presented the measurement scheme for spacer #12.
Here:

A= (Cll + as — dl) X 1,0012 + 5,36,
B = (bl + bz — dg) X 1,0012 — 1,57

All other parameters are as for spacer #1.

From the large variety of different parameters the most essential ones are the mea-
sured values ap, as, by, by as these parameters form the overall dimensions A and B. These
two last ones will affect - later on - on the dimension of the channel for fibers.

On the Fig’s 10-21 we presented the deviations of ay, as, by, by parameters from their
nominal values for spacers ## 1-12. The histograms show that practically all of the
deviation values are to the left from the ” 4+ 50u” point. It corresponds to shop-drawing.

For informing we present on the Fig.22 the calculated values of the deviations from
nominal figures for A and B dimensions of all the spacers.

Real deviations for A and B in some isolated cases reach up to +150u. All other
deviations are situated to the left of the ” + 100u” point. Non-significant quantity of
deviations are situated within (-300) - (-200) microns interval and do not correspond
to the shop-drawing, but they are acceptable for submodule assemblying. Such a wide
deviations diapason tells about the realistic stamping possibilities. Hard observance of
the shop-drawing conditions would demand a rather significant rice in price of stamping
and a significant increase of the quantity of stamped plates We found it unreasonable.

When measuring of each 600" spacer we also made a visual inspection of the edges of
spacers® and determined the non-flatness of spacers. About 20% of the spacers measured
had the non-flatness on the level of 0,5 — 1, 0mm.

3During stamping the workers were checking the edges quality visually



When applying of about 3 — 5k load to the spacer it was tightly pressed to the
control table surface. It manifests that we will not meet the problems with spacers after
they were glued into submodules.

It is known that when blanking stamping the flatness of billets and of ready unit do
not change.

Accordingly to the steel specification we have the steel sheets with the transversely
billet non-flatness up to 2mm.When spacers stamping of such a sheets we obtain the
spacers with the non-flatness more than 0,2 mm.

During spacers production (of each individual type) each stamp has 2-4 times needed
to be corrected or resharpened. The necessity of dimensions correction was determined
on the base of the measurement results of the 600" unit. As a rule the divergence of
the values measured in 2 "neighboring measurements” never exceeds 0,08mm. If we
detected the tendency of procession of one of dimensions out of the tolerance limits, we
stopped the production of this particular spacer and the stamp had been sent for the
corrections.

The necessity of stamping resharpening was determined by the value of the burrs on
the spacers edges. At the times before appearing on the MTP of the GRINDING machine
the stamping was stopped if the burrs size was 0,3-0,4 mm. GRINDING machine tests
demonstrated that one can allow the burrs sizes up to 0,6-0,7 mm. Following this rule
we decreased the frequency of resharpening repetition.

Practice shows: the stamp resharpening does not change the dimensions of the unit.
Therefore after the resharpening we measured not 6, but 1-2 spacers only.

2.5 Deburring. Packing. Transportation

The GRINDING machine was positioned on the place in pressworking shop near the end
of Sept’98. Its working elements have been adjusted to the case of metal removing up
to 0,01mm from both sides.

For one working shift through this machine passed about 200-220 full sets of spacers.
Before that all spacers were washed in special set-up. This set-up is positioned in the
same shop-area, - 50m away of the deburring machine.

In parallel, on the neighboring area all the "Dubna-spacers” were oiled by DAMINOL
and packed into boxes.

Following the requests of our collaboration colleagues we have ordered on the MTP
special wooden boxes we designed for spacers packing by full sets (see Fig.23.). The
internal height of boxes is 300mm. These boxes can be repeatedly used for sending of
the ready submodules to Dubna (2 submodules per 1 box).



In accordance with the spacers packing scheme in box and with maximum permissible
weight of one loaded box the MTP has sent to Pisa and Prague 1,5¢ heavy 53 boxes
(to each lab); to Dubna and to Protvino were delivered 40 x 2 boxes 2 tons heavy each.
Boxes transporting was performed by cars.

3 Conclusion

Quite a complex technical task to produce nearly 300000 units of absorber plates with a
high mechanic precision was severely complicated by the huge amount of custom prob-
lems

Additional to that on the course of our relatively short spacers plates production
period the custom laws both in Russia and Belarus were changing This painful situation
was aggravated by national currency unstable what made very complicated practically
all the payment /transfer actions

All the above mentioned (and many others) difficulties were finally solved but it took
for us the outstanding management efforts.

Successful completion of master plates manufacturing (first half of 1998) and of spacer
plates manufacturing (second half of 1998) opened for ATLAS collaboration the way for
submodules production start already in December, 1998.

4 Figure captures

Fig.1. Spacer plates ## 1-5, 8-11.

Fig.2. Spacer plates ## 6, 7, 12.

Fig.3. The layout of spacer #12 for cutting test.

Fig.4. The theoretical variant of spacer layout.

Fig.5. The real variant of spacers layout.

Fig.6. The scheme of spacers measurements.

Fig.7. The scheme of spacer #6 measurements.

Fig.8. The scheme of spacer #7 measurements.

Fig.9. The scheme of spacer #12 measurements.

Fig.10. Deviations measured data from nominal dimensions: aq, ay, by, by for spacer #1.
Fig.11. Deviations measured data from nominal dimensions: aq, ay, by, by for spacer #2.
Fig.12. Deviations measured data from nominal dimensions: aq, ay, by, by for spacer #3.
Fig.13. Deviations measured data from nominal dimensions: aq, ay, by, by for spacer #4.



Fig.14. Deviations measured data from nominal dimensions: aq, ay, by, by for spacer #5.
Fig.15. Deviations measured data from nominal dimensions: by, by for spacer #6.
Fig.16. Deviations measured data from nominal dimensions: aq, ay, by, by for spacer #7.
Fig.17. Deviations measured data from nominal dimensions: aq, ay, by, by for spacer #8.
Fig.18. Deviations measured data from nominal dimensions: aq, ay, by, by for spacer #9.
Fig.19. Deviations measured data from nominal dimensions: ay, as, by, by for spacer #10.
Fig.20. Deviations measured data from nominal dimensions: ay, as, by, by for spacer #11.
Fig.21. Deviations measured data from nominal dimensions: ay, as, by, by for spacer #12.
Fig.22. Deviations measured data from nominal dimensions A, B for spacers ##1-12.
Fig.23. The scheme of packing of spacers sets into boxes.
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D 2
r Entries 50
- Mean -103.0

RMS 36.50
r X/ndt 1439 /3
— Constant 15.57
Mean -103.4
7 Sigma 39.05

—200-150—-100 =50 O

microns
D 4
~ Entries 50
— Mean —39.80
RMS 29.61
- X/ndf 1322 ] 2
— Constant 19.38
L Mean -40.26
Sigma 30.42
L ‘ L1l ‘ L1l ‘ L1
—100 =50 0 50
microns

b2

19




D 1
Entries 37
[ Mean 18.78
RMS 52.47
— X/ndf 2,923 / 4
Constont 10.47
r Mean 27.37
Sigma 39.89

[

—200 —100 0 100
microns

D 3

| Entries 37
Mean —-97.87

— RMS 38.55
X/ndf 1746 / 3

= Constant 12.71
Mean -97.02

— Sigma 34.34
—200 —100 0]
microns

bl

Fig.11. Deviations measur ed data from nominal dimensionsfor spacer 2.

D z

L Entries 37

Mean 12,43

| RMS 61.75

X/ndt 1477 / 4

Constant 10.56

r Mean -34.56

L Sigma 25.34

1 1 1 ‘ 1 :\ 1 ‘ 1 1

microns

D g

- Entries 37

Meon -13.38

 — RMS 3621

/ndf 2016 / 3

= Constant 13.45

Mean -8.825

— Sigma 31.60
11 [ R

microns

b2

20




Fig.12. Deviations measur ed data from nominal dimensionsfor spacer 3.
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Fig.13. Deviations measur ed data from nominal dimensionsfor spacer 4.
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Fig.14. Deviations measur ed data from nominal dimensionsfor spacer 5.
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Fig.15. Deviations measur ed data from nominal dimensionsfor spacer 6.
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Fig.16. Deviations measur ed data from nominal dimensionsfor spacer 7.
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Fig.17. Deviations measur ed data from nominal dimensionsfor spacer 8.
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Fig.18. Deviations measur ed data from nominal dimensionsfor spacer 9.
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Fig.19. Deviations measur ed data from nominal dimensiona for spacer 10.
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Fig.20. Deviations measur ed data from nominal dimensionsfor spacer 11.
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Fig.21. Deviations measur ed data from nominal dimensionsfor spacer 12.
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Fig.22. Deviations measur ed data from nominal dimensionsfor spacers1-12.
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