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Summary

1. Presentation of the company Le Joint Francais
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The factory of Chateau-Gontier
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Hutchinson — PSS — O’Ring Division

A Worldwide organization focused on 2 PRODUCT LINES

O-RING Family (90% of sales)
Homogeneous production (circular shape)
Various cross section (including multi lips)

BONDED SEALS Family (10% of sales)
Rubber to metal bonded parts completing O‘rings
for special applications
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Summary

2. Rubbers for CO2 application
a) Reésistance to CO2
b) Compatibility with oils
c) Explosive Decompression
d) Conclusion
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Resistance to CO ,

Changes of caracterisitics after
C02/168h/150C/140b in comparison with

Air/168h/150C/Patm
DF901 9DT1889 9EP2094
(90FKM) (90OHNBR)  (90EPDM)
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Compatibility with oils

Compatibility with the oils of compressor
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Explosive Decompression

Effects of the decompression on rubber compounds

Damage No Damage
Specimen
DF651 9EP2094
Bubbles
Parts
DF901
Micro-splitting 9DT1889
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Explosive Decompression

“Mechanical Caracteristics” decision after explosive de compression
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Explosive Decompression

“criterion D” decision after explosive decompression
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Explosive Decompression

Study of Specimen and O-Rings fitted in the groove

Dr T.Travers — WinterMeeting - February 13-14th, 2008 HUTCHINSON - ETANCHEITE DE PRECISION — Joints toriqu es 13



Conclusion/ Commentary

Conclusion

Compatibility with CO,: good behaviour in our rubber compounds after being
exposed to CO, at 150C, with only a slight change in mechanical p roperties.
Compatibilité _with  PAG oils: compounds 9DT1889 and 9EP2094 are
compatible with the compressor oils tested.

Décompression explosive: compounds 9DT1889 and 9EP2094 are good
candidates for this application. Explosive decompression measurements
carried out on fitted seals show more favourable behaviour than when
specimens are tested, when the rubber is unrestrained. The study is now ready
to be taken a step further by measuring the results of cycled explosive
decompression over a long duration, thus better imitating actual stress
conditions.

Commentary

Work in progress on our rubber compounds:

22727 : improvement over compound 9DT1889, with better resistance to cold
and to explosive decompression. Measurements on PAG oils are also in
progress on this compound.

23068 : This is intended to improve the mechanical properties of compound
9EP2094.
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Summary

3. Solutions proposed by the company Le Joint Francais
a) Permeability measurements
b) The CO, mobile air conditioning system
c) Three concepts
d) The « O-Ring » concept
e) The « Bonded-Seal ring » concept
f)  The « HP ring » concept
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Permeability measurements

Permeability measurements device

Chamber Joint

Injection tube
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Permeability measurements

Principle of permability measurements
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The CO, mobile air conditioning system

Three spécifications

P:» 170 Bars
T:-30C:165C

Pressure : » 90 Bars maxi 180C

Temperature : -30C: +50C
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Three Concepts

Three Concepts

The « BS ring »
concept

The « O-ring » :
concept The « HP ring »

concept
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The « O-ring » concept

The « O-ring » concept
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The « O-ring » concept

Standards fittings (90HNBR 9DT1889)

Permeability (grly)
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The « O-ring » concept

Optimized fittings

Permeability measurements (gr/y)
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The « O-ring » concept

Commentary

-To conclude, we shall note that in order to limit permeability when O-rings are
used, we have to optimise all the assembly conditions: nature of the rubber,
amount of stretching of the seal, tightening, groove volume, surface finish on
sealing areas.

-Light assembly forces are not compatible with optimum assembly conditions.
In this instance it is difficult to assemble the parts using loads of less than 10
newtons.

-To reduce the effort required for assembly, surface slip agents can be applied.
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The « BS ring » concept

The « BS ring » concept
(Bonded Seal)
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The « BS ring » concept

Test assembly used for “BS ring”

rubber steel

The assembly was fastened at two points.
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The « BS ring » concept

Permeability measurements with BS ring (90HNBR 9DT188 9)
Permeability (gr/an)
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Tightening torque on each fastening screw ~ 20 Nm
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The « BS ring » concept

Fastening solutions for “BS ring”

/v « Flange with one point

of fastening» solution

44— (study planned)

. The « BS rin \
« Two points of « g

fastening » solution

« Hydraulic coupling »
solution
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The « BS ring » concept

Commentary
-The BS ring could therefore be used with three types of joint.

-The assembly force would be low, less than 10N, but a high tightening torque
IS required to ensure proper sealing. And, parallelism between the two
components of the assembly must be assured.

-The study of a flange with a single fastening point is planned.
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The « HP ring » concept

The « HP ring »
concept
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The « HP ring » concept

Permeability measurements (qr/y) (90HNBR 9DT1889)

Fitting S1 (1 point of fastening)
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Fitting X2 (1 point of fastening)
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The « HP ring » concept

L ast permeability measurements (qr/y) (90HNBR 9DT1889 )

Fitting K9 (1 point of fas - Opening of the flange
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The « HP ring » concept

Commentary
-With this design, the permeability measurements showed good results. This
solution therefore looks promising.

-We have planned working on the flange with a view to offering a solution with
a single fastening point.
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The « O-Rin

The « Bonded-

The « HP ring » con
4. Coatings
5. Conclusion
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Coatings

Coatings

-The company “Le Joint Francais” offers a wide range of coatings
-Avoid the pinching of rubber during fitting

-Normally enable required forces to be at least halved

O-rings with coatings
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The « O-Rin

The « Bonded-

The « HP ring » con
4. Coatings
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Conclusion

Conclusion

Measurements made with O-rings show that these can be used in certain
conditions to provide sealing for CO, gas. We are continuing our compound
development work.

We are continuing to work on two other solutions, “BS ring” and “HP ring”, with
the following objectives in mind:

1) The solution must meet all the constraints shown in the different existing
specifications.

2) We wish to put forward a reliable sealing solution, namely, one which gives
fully reproducible permeability characteristics regardless of assembly
dimensions and tolerances.

3) The proposed solution shall continue to perform properly after extended
running times.

4) The solution must be capable of assembly and dismantling with low fitting
forces and with a single fastening point and low tightening torque.

5) The assembly method shall be compatible with the constraints of automotive
production line assembly.

6) Its price shall be compatible with automobile cost constraints
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The company “Le Joint Francais” remains at your disposal for studying
your specifications with regard to CO, gas seals.

Thank you for listening.
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