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Use of Copper Gaskets in ‘Conflat’( Configuration Vacuum Joints


CG/03/90 lists the dimensions for various common sizes of gasket compatible with the Conflat geometry knife edge vacuum flange, and also some of the materials from which they are commonly manufactured. This note discusses the properties of such gaskets in this type of joint, and suggests various circumstances where the different materials might be used. As is often the case, the choice comes down to a trade off between reliability and cost.


The ‘Conflat’ configuration was designed by Varian Associates as a high reliability, economical demountable vacuum seal, capable of being baked to 450¡C whilst maintaining a low leak rate, certainly better than 10-9 Torr litre sec-1 . As such it has found wide application, particularly for UHV systems. The geometry, described in US Patent no 144458 (1961), utilises a flat, usually copper, gasket trapped between two knife edges and a circumferential retainer. The sealing mechanism relies on the plastic deformation of the copper gasket between the knife edges to fill the unavoidable defects in the knife edges (surface roughness, departures from planar geometry, etc.), and elastic deformation to maintain sealing during temperature cycling. The deformation results from the compression experienced by the gasket arising from the axial force exerted by the fixing bolts transmitted between the knife edges and the radial force exerted between the sloping shoulder of the knife edge and the circumferential retainer as the knife edges bite into the gasket. It will therefore be seen that high strength is required in both knife edge, retainer and gasket. Similarly, in order to achieve the sealing forces, it will be observed that the gasket should be of well-defined thickness and a close fit in the retainer.


Work at CERN by Wikberg and Samuel (unpublished) and by Unterlechner (CERN-ISR-VA/77-46) demonstrated that with the normal gasket material of half-hard OFHC Copper, a failure rate of the order of 0.3% was experienced after short bakes to 300¡C. This was attributed to two effects. The first was due to shear in the gasket arising from temperature differentials across a flange pair of up to 30¡C during the bake. The second arose from recrystallisation of the copper leading to a reduction in yield strength, a0.2, by a factor greater than 5 after more than 100 hours of baking at 350¡C. This recrystallisation process may be inhibited by loading the copper with a small amount (0.1 %) of silver to form an alloy known as OFS-Cu. This material may then be baked for at least 500 hours at 350¡C without recrystallisation taking place, and a0.2 decreasing by only about 10%. Alloying with small quantities of other materials (e.g. Cr, Zr or Be) permit even higher temperature bakes if required.


Gaskets are often silver plated. The purpose of this plating is quite different from that of the silver loading discussed above, and the two should not be confused. Indeed, it is somewhat fortuitous that silver is used for both loading and plating.


Silver plating of gaskets - of either OFHC-Cu or OFS-Cu - is carried out for two purposes. A bare copper gasket will oxidise on the atmospheric side during bakeout. The oxide forms a black, flaky layer on the surface of the gasket. Unless considerable care is exercised during demounting of the flange pair, flakes of oxide can get into the vacuum system. Silver plating stops oxidation of the copper. Secondly, a bare copper gasket will cold-weld to the stainless steel knife edges under the sealing forces, especially after a bakeout. This can make demounting of the joint difficult - large flange pairs may have to be jacked apart. Removal of the gasket after splitting the joint is also difficult, and the knife edge can easily be damaged in the process. Silver plating greatly reduces this cold welding problem. A thin plating - about 10-15µ - is sufficient, although it is important that it remains sulphur-free to obviate tarnishing. Procedure SP/01/87 gives details of a suitable plating procedure.


�
In the light of the above discussion, it is possible to draw up the following table giving recommended uses for each type of gasket. The table is in approximate order of increasing cost.





Material�
Fabrication�
Plated�
Usage�
�
OFHC-Cu ¦�
Punched�
No�
Unbaked system, infrequently demounted joint�
�
OFHC-Cu ¦�
Punched�
Yes�
Unbaked or baked system, frequently demounted joint�
�
OFHC-Cu �
Machined�
Yes�
Baked system, infrequently demounted joint�
�
OFS-Cu�
Punched�
No�
Not recommended�
�
OFS-Cu�
Punched�
Yes�
Baked system, infrequently demounted joint�
�
OFS-Cu ¦�
Machined�
Yes�
Baked system, infrequently demounted joint, high reliability required�
�



¦ indicates types of gasket normally used at DL
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Amendment Record


1	First Issued in January 1990.


2	Reprinted September 1990 to reference CG/01/90 rather than CG/01/77 which has been withdrawn.


3	Reprinted March 1996 to incluse new Laboratory name, formerly Science and Engineering Research Council.


4	Reformatted August 1996
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