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Abstract
As part of the magnet qualification tests, magnetic measurements are made
using a special device where demountable seals are required. The seals must be
leak tight to superfluid helium and must be able to resist for short periods to
pressure bursts up to 20 bar during resistive transitions (quench). Several types
of seals have been tested to qualify their leak tightness under vacuum and
pressure at low temperature conditions. Some other tests were performed
concerning the mounting conditions (screws, torque) in order to define the
installation procedures. Two types of seals have been qualified. Maximum leak
rates were in the range of 6.10-10 to 1.10-9 mbar.l.s-1, in the worst conditions
(20 bar, superfluid helium at 1.8 K).

1. Introduction

Magnet cold mass equipment for the LHC project will operate under High
Vacuum (HV) conditions and at temperatures ranging from room temperature
down to 1.8 K, and at helium pressures of up to 20 bar.

Equipment commercially pre-tested and certified to operate under these
conditions is not always available and certain critical components must be
subjected to tests at CERN. These tests aimed to qualify one or several types of
seals capable of maintaining leak tightness under vacuum or at least having an
admissible leak rate before and after pressurisation of superfluid helium at 1.8 K.

These seals were originally intended to be used in:
- the connection of the LHC magnets on the magnetic measuring bench;
- the connection of the quench relief valve to the LHC magnets;
- eventually, the connection of the vacuum chambers.



2. Procedure

The seals are required to meet the following operating criteria:

- Maintain a maximum leak rate of 10-10 [mbar.l-1.s-1] (close to the detector's
sensitivity limit).

- Sustain rapid pressurisation under operational conditions up to P1 = 20 bar
during (resistive transitions).

- Sustain acceptance testing at 25 bar (P1 x 1.25).
- Fulfill the above maximum leak rate conditions from room temperature

(300 K) down to operating temperature of superconducting magnets (1.8 K).

Such stringent operating conditions are rarely combined. In space research [1] the
pressures are higher but the operating temperature is 20 K (liquid hydrogen).

In the RF cavities of LEP [2], the operating temperature is 4.2 K (liquid helium) but
the pressures attained are not so high. This is also the case for the HERA
accelerator in Germany [3] and the RHIC accelerator in the USA [4].

Tests performed for the KEK project in Japan [5] have given encouraging results
that now needed to be completed.

A list of potentially suitable seals was drawn up from which three candidates
were selected for testing: Helicoflex™ 1) , solid aluminium and Conflat seals.

3. Description of the test equipment

The test equipment is shown in Fig. 1.

To ensure leak tightness during the pressure and temperature variations, double
seals were used (Fig. 2) in order to insulate the inner part from the onset of
pressurisation, to allow pumping between the seals and the immersion of the
outer part in superfluid helium.

All the mechanical parts immersed in liquid helium were made of stainless steel
(grade AISI 316LN). In addition, the flanges receiving the seals to be tested were
designed to withstand pressures of up to 38 bar, and were machined according to
HV requirements (surface quality, tolerances, hardness, flatness, etc.) (Fig. 3).

Tests were also performed on the fixings used to assemble the flanges, to
determine the optimum tightening torque to be applied to the retaining bolts (§
4.2 & 4.3).

The test apparatus was installed in a cryogenics laboratory where the air was
permanently contaminated with helium gas. To limit any harmful effect of this
environment on the leak rate sensitivity, all parts of the test equipment were
designed with a minimum number of sensitive connections, which were fitted
with metal seals.

                                               
1) Helicoflex is a registered trademark of CEFILAC, Le Carbone Lorraine, 42029 Saint-Etienne, France



4. Test Programme

Seals cannot be approved in isolation, since overall leak tightness is provided by
three components: the seal, the flange and the flange screws. Seal approval
therefore (§ 4.1) also involves selecting the flange screws and optimising their
tightening torque for each type of seal. Therefore the test programme comprised
the following sequences:

4.1 Leak tests (refer to Figure 1 for volume definition)
- Leak test at room temperature with ∆p = 1 bar and with the leak detector

connected to Volume III (see protocol P0, Appendix 1).
- Leak test during and after thermal shock at the temperature of liquid

nitrogen (77 K) and helium pressure of ∆p = 1 bar, in volume I with the
leak detector connected to Volume III. 10 cycles of pressurisation-
depressurisation (see protocol P1, Appendix 2).

- Leak test during and after thermal shock at the temperature of liquid
nitrogen (77 K) and helium pressure of ∆p=30 bar in Volume I, with the
leak detector connected to Volume III. 10 cycles of pressurisation-
depressurisation (see protocol P1, Appendix 2).

- Leak test during and after thermal shock at the temperature of liquid
helium (4.2 K) and helium pressure of ∆p = 25 bar in Volume I, with the
leak detector connected to Volume III. 10 cycles of pressurisation-
depressurisation (see protocol P2, Appendix 3).

- Leak test during and after thermal shock at the temperature of superfluid
helium (1.8 K) and helium pressure of ∆p = 25 bar in Volume I, with the
leak detector connected to Volume III. 10 cycles of pressurisation-
depressurisation (see protocol P2, Appendix 3).

- Test by accumulation (see Appendix 4).

4.2 Tightening torque tests

In parallel with the leak tests, tests were performed applying different
tightening torque values to the flange screws in order to determine the ideal
value for each type of seal (Appendix 5). The manufacturer's recommended
values were used as the reference values for the seals made in industry, and
were readjusted according to the requirements of each test.

4.3 Fixings tests

CERN's standard HV flanges show excessive thermal contraction at very
low temperatures. This contraction can cause a slight relaxation of the
tension of  the flange screws during temperature variations and thus trigger
a leak not directly attributable to the seal. Fixings made in X20MD™ alloy
(Appendix 6) by a company working for the aeronautical industry are less
sensitive to this type of problem.

Two grades of fixings were therefore tested:
- Bulten M8 X 60 hexagon head screw (CERN standard UHV), class A4-100,

316L stainless steel.
- Blanc Aero2) M8 X 60 hexagon head screw, aeronautical standard,

X20MD steel.

                                               
2) Blanc Aero Industries - 19, rue Lasson - 75012 Paris, France



5. Results

5.1 Seals tested

5.1.1 Helicoflex™ seals
The results obtained on similar projects have favoured the use of this
type of seal [6] [7] [8].

5.1.2 Diamond-type aluminium seals
This type of seal has two major advantages: its price is relatively low
and its behaviour is well-known. It has been used for many years in
various accelerators [9] and in the CERN Proton Synchrotron since
1974. In particular these seals made with an aluminium alloy with
0.5% magnesium have been installed and re-used in the LEP machine
[10].
A double version was also used for inter-seal pumping and leak
detection at HERA [11].
No modifications were made to its geometry, the apex angle
remaining at 90°, but in the first phase of testing attention was focused
on the manufacturing tolerances and, after analysis of the measured
values, it was found possible to relax the tolerance of the flat part of
the seal face from ± 0.05 to ± 0.1 mm and found necessary to improve
the surface quality from Ra = 0.8 to Ra = 1.6 [12].
Seals in two different materials were tested:
- Aluminium with 0.5% magnesium.
- Al2219 Aluminium alloyed with copper, made by different

industrial collaborations [13] [14] in accordance with special
recommendations [15].

5.1.3 Conflat-type seals
Attempts were made to use flanges of the maximum size admissible
with the existing test bench and these tests provided information on
the behaviour of the flanges, and in particular on the "umbrella" effect.
When the flange is clamped normally (see Appendix 5), the knife edges
penetrate the seals, which generates resistance. The outer knife edge
then acts as a pivot and the flange deforms in the shape of an
umbrella, causing the inner knife edges to separate and the inner seal
to leak.
Attempts at solving this problem by building an inner seal thicker than
the outer seal did not give better results.



5.2 Typical examples from the analysis of results

5.2.1 Analysis relating to an example of one type of seal (Helicoflex™ Alu)
A typical detector reading during a leak test at 1.8 K is shown on
Fig. 4.
In relation to this graph the following values are defined:
- VFE = 3.8.10-8 [mbar.l.s-1], which is the benchmark leak value used

to calibrate the leak detector.
- SFE = 4.10-8 [mbar.l.s-1] corresponding to the benchmark leak-valve

signal measured by the detector with the valve open.
- Measurement sensitivity = VFE minimum readable value / SFE-

detector background. The smallest readable value is 1.10-10

[mbar.l.s-1], corresponding to half a degree on the analyser's most
sensitive scale.

- The quotient VFE / SFE - detector background is used to calculate
the real value of a leak as a function of the leak signal measured.

Fig. 4:
Peaks affecting the clarity of the graphical read-out are caused by
interferences on the mains power supply.
The paper feed rate was 10 mm/min.
a) The background signal is 7.5.10-9 [mbar.l.s-1] before pressurisation.

The detector is open to the circuit, so the signal takes into account
helium that may be trapped in the upstream circuit's various
mechanical components (flexible tubes, capillaries, valves L, M, N, etc.).

b) Valve V2 (detector inlet) is closed and the residual leak signal
measured: 5.4. 10-9 [mbar.l.s-1].

c) Valve V2 is opened and the residual leak signal of the circuit
returns: 7.5. 10-9 [mbar.l.s-1].

d) Pressurisation begins, peaks can be observed in the signal
corresponding to surges on the opening of the valve (friction inside
the valve housing). After a few minutes, the signal becomes stable
again.

e) At a constant pressure of 25 bar, the leak signal is 7.6.10-9 [mbar.l.s-

1].
On the closure of V2, the detector background of 5.4.10-9
 [mbar.l.s-1] returns, and the quotient VF = VFE / SFE - detector
background is calculated:
VF = 3.8.10-8 / 4.10-8 - 5.4.10-9 = 1.09.10-9  [mbar.l.s-1].
In this calculation, the reference used is the background prior to
pressurisation (7.5.10-9 [mbar.l.s-1]). However, one cannot be
absolutely certain that this background does not correspond to a
small leak at 2 bar. To obtain an increase in the actual leak value,
one may use as the reference value the background measured with
the detector closed.



Hence:
VF < VFE x (SF - detector background) / SFE - detector background.
VF < 3.8.10-8 x (7.6.10-9 - 5.4.10-9) / (4.10-8 - 5.4.10-9).
VF < 2.41.10-9 [mbar.l.s-1].

f) The system is switched to stand-by (depressurisation to 2 bar for 10
min).

g) The system is re-pressurised.

N.B.: A slight fluctuation in the signal was noted throughout the test,
having no effect on the calculations (the background with the detector
closed increased simultaneously with the leak signal). In fact, it is
possible that the detector did not have time to evacuate the helium
accumulated during the signal peaks. Although this explanation is
plausible, the same fluctuation was found during other tests even when
there was no helium source close to the test apparatus. On figures 4
and 5, some regular peaks are observed during the test. They are caused
by some backnoise coming from the CERN electrical power supply.

5.2.2 Analysis relating to an example of one major leak (Helicoflex™ Alu seal)
This paragraph refers to Fig. 5:
a) The detector background is 3.8.10-9 [mbar.l.s-1] (on the circuit).
b) Pressurisation commences. At 5 bar, a leak begins to appear.
c) The measurement scale is changed because the leak increases

considerably.
d) The leak reaches its maximum level (~1.10-6 [mbar.l.s-1]).
e) Disappearance of the leak at a helium pressure of 10 bar. The leak

lasted ~5 min.
f) Pressurisation continues: no leak is detected (the leak signal assumes

the general appearance of the original detector background) .
g) Another small leak appears at 25 bar (in the order of 1.10-8 [mbar.l.s-

1]) and lasts approximately 3 minutes.
h) The signal returns to normal.

This problem clearly shows that different leak rates can be measured
on the same type of seal and do not necessarily depend on the quality
of the seal used. Also, it is important to allow the system temperature
to stabilise before commencing pressurisation. Indeed, on the day of
these readings, after the third pressure increase the only remaining
effect of the pressure surges was a slight peak in the signal.

5.3 Summary table of all the tests

For each tested seal, the maximum and minimum leak rates are given. All
results are reported in Appendix 7.



6. Conclusions

The tests performed led to the selection of two types of seals that met the
qualification criteria of 20 bar and 1.8 K with a maximum leak rate of 2.10-10 to
10-9 [mbar.l.s-1]:
- the Helicoflex™ seal with an aluminium lining, which has the advantage of

being confortable for applications where several manipulations (assembling and
disassembling) are necessary ;

- the solid aluminium alloy seal with raised diamond-pattern sealing line,
which has the advantage of being relatively cheap to manufacture.

The assembly instructions for these seals are given in Appendices 7 & 8.
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Le test par accumulation 

 
Lors de tests à très basse température (4.2 K ou 1.8 K), nous nous sommes rendus 
compte que le signal de fuite enregistré par le détecteur était plus important lorsque 
celui-ci était isolé de la colonne de test. 
 
Ce résultat semble paradoxal puisque même dans le cas où les joints sont parfaitement 
étanches, le signal doit toujours être plus important sur l'ensemble du circuit que sur 
une seule partie (phénomène de dégazage). 
 
En fait, lorsque la colonne de test est plongée dans l'hélium liquide, elle agit comme une 
pompe cryogénique. Si un joint fuit, une partie plus ou moins importante des atomes 
d'hélium reste donc piégée sur les parois froides de la colonne. 
 
Pour contourner ce problème et ainsi obtenir la vraie valeur de fuite du système, nous 
effectuons un test par accumulation à la fin de chaque campagne de tests. 
 

1.  Recommandations préliminaires 
 
Le test doit se faire après quelques jours de travail. Le détecteur doit être stable et le vide 
dans les volumes inter-tores doit être excellent. Il ne faut donc pas faire ce test un lundi 
matin ou après un arrêt prolongé. 
 
Le matin du test par accumulation, il faut vérifier que la température du système est 
supérieure à 20 K, car l'accumulation d'hélium ne doit se faire que sur le temps du test et 
pas sur les jours précédents. La température initiale idéale se situe donc entre 20 et 80 K 
(si elle est trop élevée, le système n'aura pas le temps de se stabiliser à 1.8 K avant le 
test). 
 

2.  Mise en oeuvre 
 
- Enregistrement du signal de fuite (détecteur stable, cryostat à 20 K environ, 2 bar 

d'hélium dans la colonne de mise en pression). 
 
- Transfert d'hélium liquide puis descente en température à 1.8 K. 
 
- Mise en pression de la colonne à 25 bar. 
 
- Fermeture de la vanne V2 (entrée du détecteur). 
 
- Système isolé pendant 4 ou 5 heures (cryostat à 1.8 K, 25 bar dans la colonne). 
 
- Réchauffage rapide à 20 K, détente de la pression dans la colonne (2 bar). 
 



- Ouverture de V2 (attention, cette opération est extrêmement délicate et dangereuse 
pour le cellule. Il faut vérifier la pression à l'entrée du détecteur avant l'ouverture). 

 
- Enregistrement du pic du signal jusqu'à retrouver une valeur stable. 
 

3.  Exploitation des résultats 
 
Prenons pour exemple une pièce parfaitement étanche reliée à un détecteur. Le signal de 
fuite du système est stable à 1.10-9 mbar.l.s-1. En fermant la vanne V2, le signal retombe à 
7.10-10 mbar.l.s-1. La différence de 3.10-10 mbar.l.s-1 entre le signal V2 fermée et V2 
ouverte est due au dégazage de la pièce à tester, qui bien qu'étanche, libère de l'hélium 
piégé sur les parois. Cette différence existe toujours, même si elle tend vers 0 lorsque le 
temps de pompage est infini. 
 
On laisse V2 fermée pendant 60 secondes puis on l'ouvre. On note alors un pic dans le 
signal qui retombe après quelques instants. En fait, ce pic correspond à la quantité 
d'hélium dégazé pendant les 60 secondes où la pièce est isolée, et qui est aspirée quasi 
instantanément par le détecteur au moment de l'ouverture de V2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: Exemple de calcul pour le test par accumulation 

 
La quantité d'hélium dégazé a pour valeur l'aire B soit :  
 

3.10-10 (mbar.l.s-1) . 60 (sec) = 1.8.10-8 mbar.l. 
 
Etant donné que notre pièce est étanche, au moment de l'ouverture de V2, c'est cette 
même quantité d'hélium que l'on va détecter. D'où le pic de valeur A. 
 

Pièce étanche : A = B. 
 

1.10-9 

7.10-10 
B 

A Signal  
de fuite 

Fermeture de V2 
Ouverture de V2 60 secondes 



Supposons que pendant les 60 secondes de test, une quantité d'hélium F est introduite 
dans la pièce par un moyen quelconque (apparition d'une fuite, par exemple). Au 
moment de l'ouverture de V2, le pic sera plus important et on aura alors : 
 

Apparition d'une fuite : A = B + F. 
 
 
 
Appliquons ce principe à notre problème. En partant d'un système stable à 20 K (pas 
d'accumulation d'hélium), on descend le plus rapidement possible à 1.8 K. 
 
Remarque : cette opération qui prend plus d'une heure devrait idéalement être 
instantanée. 
 
On envoie la pression d'hélium dans la colonne et on ferme V2. Le système à 1.8 K et 
25 bar de pression est isolé pendant un temps très long (5 heures, par exemple) afin de 
minimiser l'importance des temps de passage de 20 K à 1.8 K puis de 1.8 K à 20 K. 
Pendant ces 5 heures de test, la pression d'hélium dans la colonne crée ou ne crée pas de 
fuite au niveau des joints, et la quantité d'hélium résultante F reste dans les volumes 
inter-tores isolés du détecteur. 
 
Etant donné que le système est à 1.8 K, une partie de F est certainement piégée sur les 
parois froides du système. On comprend donc qu'en lecture directe, le détecteur 
n'enregistrerait pas la totalité du signal. 
 
En fin de test, on remonte rapidement à 20 K puis on détend la pression dans la colonne. 
En supposant qu'aucun atome d'hélium ne reste piégé sur les parois à 20 K, on ouvre V2 
afin d'enregistrer le pic de valeur A. En calculant B (voir l'exemple de la pièce étanche), 
on obtient la valeur F (F = A - B en mbar.l). Il suffit alors de diviser F par le temps (5 
heures) pour obtenir la valeur de fuite moyenne des joints à chaque instant du test (en 
mbar.l.s-1). 
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Fig. 2 : Calcul du taux de fuite pour le test par accumulation 
 
 
 
 
 

4.  Validité des résultats 
 
Le problème du cryopompage empêche toute quantification exacte des fuites mesurées 
lors des 10 tests à 1.8 K du Protocole P2. Cependant, la pratique montre qu'une grosse 
fuite est toujours détectable. De plus, ces tests restent nécessaires car ils permettent de 
solliciter les joints par des mises en pression répétées. 
 
Le test par accumulation permet quant à lui d'obtenir une valeur de fuite non faussée. 
Néanmoins, la précision du résultat est moins bonne que lors d'un test en lecture directe. 
En effet, la valeur de fuite s'obtient par la différence de deux aires dont la mesure reste 
approximative. On peut améliorer la précision en prolongeant au maximum le test 
(colonne isolée pendant plus de 4 ou 5 heures), mais la stabilité de certains paramètres 
devient alors difficile à maîtriser (niveau d'hélium liquide, pression du bain, pression 
dans la colonne), ce qui crée de nouvelles sources d'erreur. 
 
En conclusion, le test par accumulation nous donne la valeur vraie de la fuite mais avec 
une précision inférieure à celle d'un test en lecture directe. 
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