MDT TUBE LEAK TEST FOR LARGE PRODUCTION

C. Capoccia, B. Esposito, B. Ponzio, V. Rus, M.C. Spitdlieri

Laboratori Nazionali di Frascati

Abstract

A le& detection system, developed for the QA/QC of the MDT tubes during mass
production at LNF, is presented. A prototype of an automated station for three tubes,
based on Helium mass pedrometer, has been redized. The preliminary results are
reported. The test station for the massproduction will have 64 tubes and will perform
in an integrated way the gas leak rate and the high vdtage test. Only the gas le& test

is described here.



1. Introduction

To ensure the mechanical and eledrical quality of the tubes during production, the
following tests for ead single tube ae foreseen: gas le& rate, wire tension and
current leakage. An amourt of =30000 tubes have to produced and tested at LNF. As
a onsequence acomputer-controll ed system, which minimizes the operator presence,
isrequired. An integrated station for the Quality Asaurance and Quality Control of the
MDT tubes during mass production at LNF has been designed to test 64 tubes. A
prototype of an automated station for three tubes has been redized (fig.1-2). The
preliminary results concerning the leak rate test are reported. The Atlas MDT tube
asembly spedfications [1] require amaximum gas le&k rate for the single tube of
1x10° barl/s, with the tube operated at an absolute presaure of 3 bar. A Helium mass
spedrometer to deted the leak has been used.

2. Leak detection system

The general scheme of the leak detection system is diown in fig.3. The system has
been designed for the parallel test of 64 tubes, in arder to follow the tube daily
production at LNF. The le& test will be performed on each single tube, analysing
with a mass pedrometer, the He mntent inside eah individual cylindricd tube-case
in which the tube isinserted and enclosed by two end-cups.

The main comporents of the system are:

e Cylindrica tube-cases used to hotse the tubes to be measured.

e A Helium mass pedrometer to deted the gas le&k rate.

e A vaawum pump to empty the system before the measurement (Turbo-moleaular
pump system).

* A vaauum pump to empty the MDT tube before the gas filling (Dry vaaium
pump).

» A vave system to control conrection to the pump and to the He spectrometer.

Eadh tube-case has been redlised using a duminium tube with inner and ouer
diameters respedively of 36 and 40 mm. The length of the tube-cases was 4 m in
order to match the length of the tubes to be tested. In fig.1 a phao of the system is
shown and fig.2 describes the gas distribution system. A detailed drawing of the
single tube-case and his conrection with the valve system is reported in fig.4.

The valve system must have good vaauum characteristics. For cost reasons insteal
of commercia vaauum valves, spedally designed valves have been used. As sown in
fig.4, there are two independent valves for each tube-case, ore for the mnnedion to
the spedrometer and the other to the vacuum pump. The single valve has been
redised using a pneumatic valve to control, by means of a neoprene membrane, the
opening or closing of the cnnedion. A detailed drawing of the single valve and the
valve system redised for the prototype station are shown in fig.5 andfig.6.



The two end-caps, used to close the tube-case, are designed to all ow the gas uppy
and the dectricd contad with the groundand the central pin of the tube, so that the
high vdtage test can also be performed. For this reason a plastic material (Delrin) has
been chasen for their redisation. The gas tightnessbetween the tube-case and the end-
cgp is guarantead by an o-ring compressed by air at 6 bar. The phaos of the tube-case
end-cgp and adetail ed drawing are shown in fig.7-8-9.

The procedure of the measurement is the following. The valves conrecting the
tube-cases to the vaauum pump are opened and the tube-cases are emptied in order to
reath a presaure of 10 'mbar, which is the ndition required for starting the operation
of the He detector ™.

The tubes are dso emptied with the vacuum pump and in order to reduce the time
necessary for the successve gas filli ng, a group d 4 tubes at atime is fill ed with the
gas mixture & 3 bar (abs), diredly from the gas battle. For the fina set-up a gas
distribution system with high flux flow-meter will be used.

For the leak measurement, a gas mixture of Ar/CO, containing 1% Heisused. This
He percentage is aufficient to detect the le&ks.

The measurement is performed conneding each tube-case & a time to the line
going to the He spedrometer, while dl the other tubes are kept conneded in parall el
to the line going to the pump. Once the 4 tubes of the first group are measured, the
next group d 4 tubesisfill ed with the gas mixture and the le& is measured.

A PC controls al the operations and records the data using a dedicated software
developed in the Labview environment.

The main charaderistics of the He spedrometer, are reported in tab. 1.

Helium Spectrometer ASM 120H Alcatel

Measuring range 10° to 10" mbar I/s
Resporse time @nstant < 1semnd
Presare threshold for leak measurement | 10" mbar

Vacuum Pump

Pumping speed | 3l/s

Tab.1

! In case such condition are not reated because of atube with a very large legkage, the tube has to be
individuated and excluded.




Fig.1 Prototype of the le& detedion system for the test of threetubes
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Fig.2 Block diagram of the gas distribution system used for the prototype station
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Fig.3 General scheme of the leak detedion system
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Fig.4 Connedion of the tube-case with the home-made valve system
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Fig.5 Home-made valve for the mnnedion of the tube-case to the vacuum pump and to the He
spedrometer

Fig. 6 Valve system.
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Fig.9 Drawing of the tube-case end-cap
3. Measurements and Results

To measure single tube leak rate, an appropriate procedure has to be studied, in arder
to alow the test of many tubes in automatic way. To define the measurement
procedure a series of preliminary tests have been dae, using the lea&k detedion
system described in the previous ®dion. The results are described in the foll owing,
where the le&k value reported in the graphics is the value diredly measured by the He
spedrometer. In order to compare this value with the maximum le&k rate specified in
ATLAD Muon Spedrometer TRD [1], a crrection fador which takes into accourt
the different massof He and Ar [3] and the He percentage present in the gas mixture
hasto beintroduced.

To evaluate the “resporse time” of the system, a cdibrated le&k has been
conreded in the measuring setup, at the enxd d one tube-case, and the time
development of the leak has been investigated. As siown in fig.10 the spedrometer
immediately detect the presence of He. The peak correspondng to the opening of the
lek (lesk ON in fig.10) is due to the acumulation o He between the leak and the
conredion vave. The nomina value of 1.8x10® mbar I/s, is reached in 5 min after
the valve & been opened and remain constant.

Calibration (Leak Nominal Value = 1.8x10-8 mabr I/s)
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Fig.10 Time development of the leak usingthe cdibrated legk conneded at the end of one tube-case



Following the procedure described in the previous sdion, we have tested three
tubes. The time development of ead tube has $rown an increase of the le&k value
with time, as siown in fig.11,where the le&k of one of the threetubesis reported.
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Fig.11 Time development of the leak of one tube

In order to urderstand the origin of the observed le&k rise (fig.11), we have studied
asingle tube over along period d time, using also the calibrated leak as reference. In
fig.12 and fig.13 the time development of the measureis reported.

First of al we have opened the calibrated leak and verified that his nomina value
isreadied in Sminutes (as in the previous measurement reported in fig.10).

Closing the cdibrated leak the measured He goes to zero very quickly. At this
point we have started the measurement on the tube, filling it with a gas mixture
Ar/CO; at 3 bar (abs), containing 1% He. The measured leak remains close to zero in
the time of a few minutes, which was siown by the previous test with the calibrated
leck sufficient to deted the leak.

To verify that the tube leak is less than the le& due to the calibrated source 3
minutes after the tube gas filli ng, we have opened again the calibrated leak and we
have seen that the spedrometer immediately deted the presence of He. According to
the previous measurements the leak nominal vaue (1.8x10% mbar I/s) has been
reated within five minutes.

At this point we have dosed the cdibrated le&k and again the He measured from
the spedrometer goes to zero. Only 15 minutes after the gas filli ng of the tube, we
observe araising of the leak due, this time, to the tube. The measured leak increases
with time reaing a mnstant value of 4.5x10" mbar I/s.
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Fig.12 First part of the leak measurement of one tube (the cdibrated le&k is used as reference)
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Fig.13 Long time leak measurement of one tube (the cdibrated le&k is used as reference)




Using a gas mixture with 1% of He we have observed the same time behavior of
the le&k obtained with 1% of He, bu of course the leak value is 10 times grater
(fig.14).
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Fig.14 Leak with 10% of He

These series of measurements give us a dear indicaion that the spedrometer
resporse is very fast (measurement with the cadibrated legk) and that the observed
long time tube le& is probably due to the He diffusion through the end-plug
comporents (plastic, o-ring).

To study the He diffusion from the plastic materia of the tube end-plug we have
used the tube tested with 10% of He, masking his end-plugs with aluminum caps. In
fig.15is reported the time development of the leak for the tube with ore of the two
end-plugs masked and in fig.16 with two end-plugs masked. From comparison with
the results reported in fig.14 we can seethat the leak of the tube with ore end-plug
masked (fig.15) is half of the le&k measured withou any mask (fig.14). Masking also
the other end-plug (fig.16) the leak reduces to /10 d the total le&k (this residual legk
is probably due to Al permeabili ty to He).

1C



Gas mix Ar/CO2 with 10% of He - P =3 bar (abs)
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Fig.15 Leak for atube with one end-plug masked (10% He)
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Fig.16 Leak for atube with two end-plug masked (10% He)

An effea correlated with the He diffusion through the plastic materia is the He
absorption and his following outgassng observed in tubes after that they have been
emptied from the gas mixture.

Thisis $hown in fig.17, where the He signal measured by the spectrometer, after
that the tube has been opened and left in air for 24 hous, is reported. During the
measurement the tube has been cleaned using the vacuum pump and we ca seethat
the He level goes to zero in a very long time (in 3 hous the He le&k drops from
1.1x10° to 6.9<10° mbar I/s).
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Tube Cleaning
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Fig.17 He outgassng from an empty tube

4. Conclusion

A prototype of an automated station to test MDT tubes le& rate during production hes
been realized. A series of measurements have been performed in order to test the set-
up andto define ameasurement procedure.

The results obtained indicae that the measurement is very fast and that the dfeds
due to the He diffusion are visible only 15 minutes after the input of the He inside the
tube. Furthermore, the procedure is able to individuate tubes with very large leskage
before the input of the He inside the tube, avoiding, in this way, to make unusable the
system for along time.

Based on the experience made on this prototype the final set-up d the muilti-
channels gation hes been designed.
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