
DISCLAIMER 

This report was prepared as urn account of work sponsored by an agency oT the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or Implied, or assumes any legal liability or responsi­
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer­
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom­
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those or the 
United States Government or any agency thereof. 

UCRL--94625 

DE88 001894 

DEMOUNTABLE VACUUM SEALS FOR 
FUSION REACTOR APPLICATIONS 

T. H. Batzer 
W. R. Call 

This paper was prepared for submittal to the 
IEEE 12th Symposium on Fusion Engineering 

Monterey, California 
October 12-16, 1987 

October 16, 1987 

Thii i* a preprint of a paper intended for publication in a journal or proceedings. Since 
change* may be made before publication, this preprint U made available with the 
understanding that it will not be cited or reproduced without the permission of the 
author. 

DISTRIBUTION nr Tui.', nnci'Mwr 15 '_n:n-» 



ursaAiMF* 

l a h MT»»ea< "a* pnamn4 « M acraaM af aark lamammti by am aa**c> at ifcr 
| ;»i (H Stales GatenwwcM. NrMwf ttc I/aft**' S lam G * W M W M M T the L'at imkj 
• f CalifiMMa • • * aar af lack ra * jU )« i . Mate* aai aanaajlj; cxarrm ar haaJM. ar 
i w w w W fcfl liaaHliy f rwaaawiailfc-y far lajacfaracy, c—lafcuatn. ar rtrfal-
a m af aaj lafanwaliia, aaaantas. atWan. ar araon* aWtaata". ar rramcafe that 
it* r » «a«M aot iaftlam arhafd) aaacal rigbK. Rrfcrracr hcreia la say •acrific 
c—jawrcW aratfact*. pracna. M Mfticc ay trade aaaar. iraffiarfc. awaafaclwrr. ar 
• A M I hr. «W« N M amwiiafU) emmmimt m taaalr its tarfaratawat. wciaawe alalia a. 
ar ravarNNj av Ike Uaatrri S u m CaimaatM ar ike l'ai*trwJrv af CaHfaiaia. Tfcr 
iid>» aa4 aaialawa af aaraan narnwal brrrM *> JM4 a r m w i J t slit? ar rcfltrt 
(hate af (he l a M Stain CatcraawM ar lac L'aiivm'tt af Caf»Tanua.aa«*«Iuil «a< 
a* K M 4 far adfcrtiuait ar •raa'art r*4»nem*tnt aaraaw. 
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T. H. Batzer, W. S. Call 
P.O. Box 808, L-553 
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Llvermore, CA 94550 

Abstract 

Demountable vacuum seals for fusion reactor ap­
plications must be compatible with the reactor en­
vironment, easily scalable, very reliable and readily 
maintained by remote handling methods. We are Inves­
tigating gate valves as well as flanges in our efforts 
to provide such seals. They are all metal and scal­
able without beevming massive and require no axial 
fasteners. Preliminary tests on an Initial 30 cm 
aluminum flange using no soft metal, coatings or gas­
kets have given several vacuum tl^ht closures. Weld 
fatigue of this preliminary design caused degradation 
of the seal with further cycling to leakage levels of 
10-' Tl/sec, which Is acceptable with differential 
pumping for either valves or flanges. Additional 
flange pairs using slightly altered geometry, fabri­
cation techniques, and setl plating materials will be 
tested and reported on. 

INTRODUCTION 

Demountable vocuum seals for fusion reactor ap­
plications must be compatible with the reactor envi­
ronment, readily scalable, highly reliable, and easily 
handled by remote methods. Currently available flange 
seals have serious limitations that most be considered 
in developing JL reactor-compatible sealing system: 

• Very high gasket loads (> 2000 lbs/in. are 
required to make a metal seal. 

« Scaling to large sizes Is not predictable, 
and the flange cross flection becomes massive. 

• Limited success has been achieved in nan 
circular applications. 

• Thermal excursions and gradients are not 
tolerated well. 

• Installation and maintenance are not 
compatible with remote handling. 

Large gate valves, which are essentially remotely 
operated seals, currently suffer the same limitations. 
The sealing system that we are developing addresses 
all these limitations with the goal of eliminating 
them. 

Figure 1 shows one of several radially loaded 
fluid-pressurized seal arrangements that we are 
testing. A pocket is machined in the male flange, 

which is closed off with a welded ring leaving a vol­
ume that can be pressurized. A thin wall (0.050 in.) 
is then machined on the enclosure. This thin wall, 
which Is parallel with the inner pocket surface, has 
an angle of 4* with the vertical. The three other 
sides of the enclosure are very chick compared to the 
0.050 in. side in order to withstand several thousand 
psi with very low stress and deflection. The outside 
wall of the enclosure i? machined parallel to the cen-
terline and acta as a guide when assembling the male 
and female flanges. The 4* angle on the thin wall 
prevents contact with its mating wall during assembly 
to minimize marring the sealing surfaces. For a 
flange with a nominal I.D. of 12 in. the dia-metral 
clearance between the male and female guide diameters 
is about 0.004-0.006 in. as Is the diametral clearance 
between the 4* tapered walls. 

The seal is accomplished by pressurizing the 
cavity and driving the thin wall elastically into the 
mating flange wall. The mating flange sealing wall is 
essentially a rigid constraint to the motion of the 
thin-walled sealing surface. Thus, if the contacting 
portion of the thin vail la within the clastic strain 
range of the material, it will retract when the pres­
sure is released. Further, if a seal load in excess 
of 2000 lbs/in. is generated, a vacuum tight seal can 
be accomplished. 

For a nominal 12-in. diameter flange the thin 
wall should bulge, elastically, about 0.016 in. on the 
diameter for aluminum and about 0.Q07 in, on the dia­
meter far stainless ateel. Since the aiyffinm movement 
is limited to < 0.006 in. by the mating flange con­
straint, either material should behave elastically. 
6061-T6 aluminum wan chosen for our initial tests. 

To generate sealing loads of 2000 lbs/in. o* bet­
ter without using fluid pressures greater than 2500 
psi, we modified the sealing surface of the thin wall 
as shown in Fig. 2. 

Figure 1. Flange Crossection 
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This modification provides a pressure amplifica­
tion up to 7.5 times tlje cavity pressure. Thus, at a 
cavity pressure of 1000 psi, we can achieve a seal 
load up to 7500 lbs/in. of seal. This load is much 
greater than the 2500 lbs/In. successfully used in 
aluminum foil seals. 

SEAL TEST 

The test arrangement is shown in Fig- 3. The 
initial test procedure was to assemble the mating 
flanges (both of which were blanks)) evacuate the 
cavity between them with the leak detector pumping 
system, and measure the pressure and leak rate as the 
fluid pressure to the seal cavity is applied. This 
procedure was later modified because the seal pressure 
would not center the flange pairs once they were evac­
uated, which resulted in a nonuniform sealing pres­
sure. Thus, on the last flange pair we tested for 
this report, the seal cavity pressure was brought up 
to 1000 psig prior to evacuating the cavicy between 
then. 

The first flange pair tested is shown in Fig. 4 
and Is designated flange "A". Flange "A" is of a top-
entry-type flange where the pressure cavity is 
machined from the top and closed by a welded ring. 
The flange "A" diaphragm is 0.05 Id. thick and 0.625 
in. wide. It it machined as shown in Fig. 2 and moves 
radially Inward to seal. Two runs were made, and the 
results are shown in Fig. 5. The minimum leak rate 
for both runs of about 3 x 10-* millibar l/a occurred 
at the arbitrarily set pressure lliait of 2500 pal. 
The nonlinear character of run two indicated plastic 
deformation of the diaphragm near the heat-affected 
zone. This deformation resulted in the lo>a of pres­
sure amplification on the sealing ridge, thus termi­
nating the tests. 

Following the two tests, measurements were made 
to determine the elastic recovery of the diaphragm of 
flange "A". A plot of pressure versus deflection Is 
shown in Fig. 6. Full elastic recovery occurred at 
1000 psi cavity pressure and 0.006 in. deflection. At 

Figure 3. Test Setup 
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Figure 6 Flange "A" Deflection Test 

Figure 4. Flange HA r 

1500 psi and 0.018 in. deflection there was 0.007 in. 
of plastic deformation. From simple elasticity con­
siderations, the stress for a 12-ln. diameter flange 
was 10,000 pal for 0.006 in. deflection and about 
18.DD0 psi when yielding occurred. The low yield for 
6061-T6 is probably due to the proximity of the weld 
zone to the diaphragm. However, the 0.006 in. elastic 
deflection i* twice that needed for the diaphragm to 
contact the rigid mating aeal surface, but insuf­
ficient to support pressure amplification of the aeal. 

The second flange tested is shown in Fig. 7 and 
is designated Flange "B". Flange "B* is essentially 
identical to Flange "A", except the closure ring was 
placed on the O.D. of the cavity (Fig. 7} to minimize 
the veld affect on the diaphragm. Figure S shows the 
results of ten runs. Between each run the flanges 
were disassembled and rotated relative to each other. 
All ten runs reached the background of the leak detec­
tor (LH ultrateat F) with the flanges bagged at. 1 atm 
of helium. In other words, all ten runs were vacuum 
tight at 2500-pai cavity pressure. 

The third, and final flange pair teated to date 
la Flange "C" (Fig. 9). The only change from Flange 
"B" was that the insertion depth was increased from 
0.9 in. to 1.5 In. and the diaphragm width from 0.625 
in. to 0.675 in.. The Intent was to increase the 
pressure amplification of the diaphragm. Furtlur, 
Flange "C" was the first flange pair tested uulng the 
modified procedure of pressurizing to 1000 psi prior 
to evacuation to ensure flange-pair centering. Ten 
runs were made on 3/9/87 using the unmodified proce­
dure. On 4/10/87 the flange was remachlned to remove 
scratchea on the seal land, and the flange pair was 
pressurized to 1000 pal before evacuation. Figure 10 
shows tha results. 

DISCUSSION 

Multiple vacuum-tight closures csn be made with 
gasketleaa radial-pressure-sealed flanges. Also, the 
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Figure 7 . Flange "B" 
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Figure 9. Flange "C" 
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multiple cycling of the neal, including disassembly, 
degradee cha seal surfaces, thus increasing the leak 
rate by several orders of magnitude. This was antici­
pated and our Intention ia to gold- or copper- or 
silver-plate the seal land to provide a materiel that 
is less susceptible to work hardening and scratches. 
We Intend to use a portable brush-plater for this 
purpose. To get an indication of what soft-metsl 
plating would accomplish, we applied a very light coat 
of Apiezon L to Flange "B" and "C" after they had 
degraded to about a 10-* millibar 1/s leak rate. Both 
flanges responded to multiple cycles with leak rates 
1mm* then 10-* millibar 1/s at 2500 psi. 

COHCmsiOH 

We have a high level of confidence that a radial-
pressure sealing system can be developed that will 
provide: 

e Reactor compatibility. 
e Remote handling (no bolts, no gaskets). 
• Very large, all-metal sealed valve 

application. 
• High tolerance for thermal excursions and 

gradients (with intermetellic diffusion 
considered). 

• A good possibility for noncircular 
configurations. 

• A flange cross section that does not become 
nmnmivm in large diameters. 
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