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2 following roport covars work nerformsd by Pressur
Incorporatsd of BDaltsvil ¢, Maryland ander Ccntr act

Fo. NAS £-1160€. {The rurpose of this contract was to design
and develop a twenty- -inch diamater metal enclosiure seal.
The s2al is roguired to naintain nitr rogen gas at one atmos-

oshere 1n an aluminum or beryllium encleosure consisting of a
¢ylindrical ring and two hemispherical covers. Aurther seal
requirements are that it withstand up to 12 assemblies and
aisassemblies of the coyers, seal in ambient pressures from
atmosphicric down to 107 terr, ssal in ambient temperaturss
from -250C to 75°C, and seal for storage periods up to one
yeoar.,
Przssure Scilence Incor;o"at“d has bezen engaged for the

ast five years in the developnent of metal scals These
sAals havz been tested and used in applications ov;r wide
Langes of temperature and pressure Mount Vernon Research
ssociation of Alcxandr¢a, Vlrglnla has gerformed leakage
ts m3sing the metal C-Ring seal at 10-C torr over the
pe*‘atura range of +00°C to -2000C (five cycles). 4
k detector having a naximm sensitivity of § x lO"lo cc/see
1sed and no leak was detected. Basad upon these rasults,
the C-Ring was seloct=2d for the twenty -1ngh diameter enclosure

o]

though zero leakage was not wmaintained in the 23ting
done under this Cﬁntract the rasults indicat0 steps to be
taken to achieva zaro lkﬂ“'gﬂ. This report will point out
that decreas=d (1 7nge def lﬁCulons on tﬁe hzmisrherical covars
and 3p:cif¢o changes in the sealing surface characteristics
are roguire=d.)
P

~

~.  Theorctical Analysiz of the

(]
o
i
s
i

The installation of the C-Ring 3221 in a prototyre
anclosure is snown in figur2 1. Previo &o1y an analysis of
ch2 C-Ring Scal was porformed to Catermine the offocts of
sressure, initial syueose foree, friction beotween the seal
and the °>allng “u”faﬂ:s, zize and wall thickness on operat ing
and sealing characteristics of the saal.

?.1. Asswipticns: The followl g assunptions have been
nai to perform the seal analysis. “%1,5 these assumptions

<o affact the accuracy of the muerical reaits ottained
thiey do not chang: the rolative ¢m50493nC; of the varlou:
caraneters.,
a. The diancter of the ring is large; therefore,
0t ciressaes are small since heoop deflections are small.




Redistrioution forcas

o}
have been neglisctad.

¢c. The strasscs devaliopad
across the szal thickness.

d. Seal diameter is

2.2. Nomenclature (3:2 Figure 2)

R

duae tc strains in tns

are nniformiy distributed

compared to R.

F = sealing contact force - M = bending moment
#/1in
w = coefficient ¢f friction f = shearing force -
sealing
®.= sealing force due to Fny= initial squeeze
: nrassnra - #/in force -~ #/in
T = tangential force - #/in V = shear force - #/in
2 = angle = dogreas R = radius
t = wall thickness - in P = pressure - psi
Countarclockwises moments positive
2.3. Thgorztical Analysis:
Lot K= R + 5
(1Y £ = n(F) = u(F_ + Fq)
(2) M, = f% (due to shifting f to the mean radius)
! o
(3) sF_=0
P
V=P ~-T°f
I =
(W) *F, 0
T=F ~-PR -~
(5) Mg =0
. ty -
M, = - L% FR sin® + (Pt - £)(R)(1 - cos8) + PR(R - =) (1 -cos
o} 2 z
NOTE: The last term of Ig. (5) is dus to the
pressure on the inside of the C-ring.

Substituting Bgs. (2)
PKt
¢ = - L
(5) Lﬁ VK >

Tsing thea T%eory of Least Work:

12 2
18 h'“ —-—-—455'““0
= ‘ = Hd°
O £il

and (4) inte (5) we obtain:

t
- TR sin& - PR(R - E)Sins - VR cos@.

ik




ik A .
O TV U N

»
3 = IMg
(7) F=0-= VAT
v oM

(8) From Eq. (6): >™= _R sine

Substituting Egs. (€) and (8) into (7):

ol 3

(9) 0 = 19l vk sine + E%§£ sind + TRZsin<e
0

2

2 t ) 2 !
+ PRT(R - 5) sin™® + VR cos® sinb 38

Solving Eq. (9)

4 VK 2 PKt t oV
(10) T=-x-2x ~PR-3 -7

Substituting Bq. (10) into (6):

2 1
(11) My = VK(1 - é sinf) + VR(% sinf - cos@) + PKt(% sing - ;)
Using again the Theory of Least Work:
Z
Loy 2T % Me

(;c) gv =0 - JO Ma jﬁr af

3 b 2
(13) Mo - K(1 - — sin3) + R(Z sin’ =~ cosfh).

v i
Substituting Eqs. (11) and (13) into (12):

B Lo 2 N

(14) 0 = J. K(1 - = sing) + R(5 sin® - coss) ;L VK(L - 7 oind)

2 : 2 . 1 J .
+ VR(% sinf - cos?) + PKt (£ sin® - 5) éa.

Solving Eq. (14%), we obtain:
e “_2_ [} Y 2 -
(15) v _ At[K( §) + 2R( )]

P 2K%(n° = €) - SRK(w - 2) + R9("2 - 4)

()




R TR VIR

Substituting Bg. (19) into 8g. (3):

(16) £

-+
=K - ogk2(=7 - 8) - GRK(m - 2) + Re(~= - 4)*

Substituting 8. (1%) into Bg. (10):

oy Do KMECP-8) xR o)) p
7P T W oKRA(-2 - 8) - BRK(~ - 2) + R°(-< - 4) "R
GG -)
Substituting Eq. (17) into Bq. (4):
»’4‘ >4 ICRR¢ ,,2 _ -
(18) 1*5 - gl KtIX( o) + 2R(2 7)) "-EK _ lﬂ!

SK2(«2 - 8) - BRK(m - 2) + Ro(n° = k)

Using Bqs. (1), (1€) and (18) a rplationbhip has been obtaincd
relating FO and M as a function of pressure

These 2gquations havs been programmed and ran on a high spocd
compiter. The results of this C“”lj is have bzen ntilized in the
detailled design of the enclesure sca

o

3. S2al Confignration and Cavity Dosign

Past sealing exterience has demonstrated that if relatlve
aotion betwsen the s2s8) and sealing surfaces oceurs a ‘leak
will develop. The rzlative nmotion can be caasa d by pressure
or temperatire changss vhish deflect either the seal or the
s2aling suarfaces relative to one another. Ti 13 to obtain a
no Leak 3231 installatleon the seal pust follow any deflections
of the sealing surfaces without sliding relative to the
sealing surfaces. In order to accomrplish this result an
intoprated a nalgs‘ of th:o seal and :avity mist be nade for
all environmental ("nu-tivns. Ba3ced on the analysis of the
C-Ring sn~al and cavity design, ths s=2al configuration shown
in figure 3 was %oueb¢is 12d. The szal details are shown in
Fignre b4,

3.1. Cavity Dosilgn: Bassd on previous seal experiasnce
¢ force of 100 #/linear inch batween the seal and the sealing
surface 1s adeguate for a no leak seal. Sixty four No.
5-40 x 3/0 screws spacad at onz inch intervals around the
flange are sufficient to generate the required sealing force




and ke2p the deflection bsetween screws to less than 0.003
inch. Slncb the proposasd C-Ring s<al of Figure 4 has a spring
back of approximately 0.020 inch, the rasu‘tunt variatiocn in
~"aL1ng forbe around ths seal 01ruumference would be approx-
imately 15%. A seal developed for the aluminum flanges should
fuanction satisfactorily 1f Bs sryllium 1s used.

3.2. Sealing Surface Deflection Due o Applied Pregsure
Differcntial: Referring to Figure 5, the basic deflsction
creblem is whether the sealing surfaces will deflect or open
with an internal pressure of one atmosphere and an outside
prassure of 10-C Torr. F., and Hg are the force and bending
roments raspectively transmitted from the spherical shell to
th2 flangz. Using a nressurs d fferential of 15 psi Fy is
calceulated to be 75 1b/in and Y, = .C54% in-1b/in. Due to the
small valie of M, it has been n2glacted in the following
caleulations. 1If the sealing surfaces deflect, the force
Fz» will go zoro or become negativs.

£09 1b/in (Based on €4 screws on a 1
circumferential spacing)

Let Fy

Fq = 100 1b/in

~
i
i
(]
~~
[€5]
[y
0]
&
Fode
¢
o
Lt
G,
o
~

Fp, = 192.5 1b/in

)

Thus with ¥~ > O the sn"ling surfaces shouild not deflect
.en when an internal pressurs is applied.

[@3

.>. Ccntact Stress Cotveen the {etal C-Ring Seal an
ling Surfac:s Tne ca.cileted valae of contact stress
Y oradins retal seal against a planc aluminum surface
z 50 WOO psi at 100 1b/in sqallng force This magnitude of
ontact tress is sufficient to plastlcal’y édeform the soft
2tal ylating into the surface finish irreguiarities. The

aoftar metal plating on the seal should also prevent coining
of the aluminum or beryllium surfaces and allow for re-nse-
ability.

“n




3., uggg§gg§gg;gg_g%§y;gg§: Manufacturiﬁﬁ drawings

of the Cylindrical Rings (P3I Drawing No. D-1644), Hemilspherical
Covers (PSI Drawing No. ¥- 1643), and the C-Rings (PSI Drawing
No. C-1645) were prepared following the analytical design of
the C-Rings and prototype enclosure and are enclosed. The
material for the rings was cartified to be Aluminum 6061-T6.

Tt was important to have hiigh strength material in the rings

becanse of the tapped screw threads.

4. Mapufacturing of C-Ring Sezls and Prototype Enclosure

%.1. Cylindrical Rings: Th2 rings ware machined from
S0€1-TS forgings in accordancs with P3I Draving Wo. D=ii%h,
Puring testin L ow lk?“d *h t the as-machinzd finishes
of the s=2alin cavitice were Lnadematzs., In
reneral the T vali» of -2 cr less, but not
a2s low as 1%, lig tter-narks from the
cutting tool on a ¢ surfaces as
machined. 3n ?rf an cause a leagk
1sing a metal fwrfaéa OI i€ rms finish having
conczntric la to be roguired for gas tight
seals nsing plat

During ths tostinzg chasz ths 1ings wer t a
lath2 and the sea2ling surfacss hand rolished DM Lacauss
it L1z difficult te kcep such 2 surfaco Tlat and avoid galling
of alnmirrim the following vrocadire was used. A tool in the
form of a thin wooden stizk awprorimat:ly 1/125 inch thick by
%/16 inch wid» by ¢ inchk:s long was ot. One 2nd was made
sgnuare,.  The sollshing maper oas out into strips 3710 inch
wide and several inches long. The —ayer was fad ovar the
sgquare w:nd of the wooden tool an proscad against the sealing
surfac2 nsing the flaxible forca

2 ovhat ceald be generated by
26 vont gailing., A glven
rrain in contact with

the As thz paoccer cutb

it 1 alaeioin chins iehh In turn have

a toende u“¢ rface halng o ‘:1ed. Thi> znapers

nsad wers #320, : (wet or dry).

The #3220 was na2q to r;movo tha ool marks and

chatter marks. The #400 and ﬁr‘#ac 2 msed in that

order to bring tha surface llil thn asing tho

#400 and #6000 napers the surfaco: ware keot

w2t and washed with varsol to im:

the tocl.
spot on tli

alwuminun and wash away tho Lmi inal >peration fino
stezl wool was ran over tho - : the surfacaz.
The stes21l vool tended to Luff the o a 3lightly

better finish than achioved nsing

L2 Hemiszherical Covers:s The hemisvpherical covers

o« »
7372 st from 0. ””? inch taick £281-0 alwuainan shoet over
a wooden mandrel by Tinkizr Suinning Comvany, Blkridge,
faryland. The nrint (P.I P-14%3) had called for a flanse

=)




fiatness of 0.002 T.I.R surface finishes of

16 s, Xﬁ» ?lamg g wers act ¥ zﬁhe;%wﬁ fiat to 0.010
T.I.R. and had a surface finhbu of 32 %o 6% rms. The

COVErs w@fe {nitially nsed with the flanges as cescrlbed
above, but they were eventually pollshed during the testing
phass in a manner similar o t%at gasc L$aﬁé for the eylin-
drical rings. It should be noted agelin that the as-raceived
condition of the covers was annealed plus cold working

due to spinning.

For assembly ﬂﬂfp@a@“ a mumbar was stamped adjacent to
holt clearance hole on the flange of sach cover. The
same nimber appears adjacent to a tapped hole on one side
of the aglindziﬁal ving. The clzarance and tapped holes

mist line up when the enclosire 13 assembled.

bl - Seals: The C-Ring seals were manufactured
cordance S1th PSI Dra-l ng Nc. C~16k5, The first
,zian is to flaszh but w.1d stris stock inte a band.

1zc of the small ratlio of the strip stock thickness

th of the proposed C-Ring shown in Figure & satisfactory
could not 9@ wﬂsdwcai nwazing Inconel-X material. By
ge t inen thicy Tyne 10k Stainless Steel

actory were a%tawwwf The C-Ring actually
in i3 shown in Pigure €. Analysis predicts

i same forc %ﬁ compress for the two seals

ad ing bacl should be approximately .01k

¢ thick stainless steel C-Ring as opposed

1 j
W b i
9,010 ineh thick Inconel-X C~Ring.

3
-
oy
i
)
b
>
3

eliewing walding
5 formed into
;cn“ﬂ Pinal slize

twenty inch diameter
rossz-section by rolling
raugh* about by

%rizzng tha seal in a ween flat plates. EBach
vas oressarized in a 000 psi. The entire
;ai ”ﬁ”f&”“ WAS 3 with #320 paper.,
onn of the "C» are
L‘ Was, 14 nlating of the
¢ Company, 12 L Street,

s 2d WIS aﬁ evaluaation tost set-up and
v, Other obscrvatlons were also made Dby
high Laak ge rate test set-up which was
testing phase using the evaluation

.1. Bench Tast get-up:
In ?igwr% ? 1% ah@’n the benc

Yy

Aok
tast ”mt-&p with a flange
Initial bench testing used




this set-up withoat the indicator. %&Za? niug detergent

{or commercial “”nowwﬂ? Was ap»”iaf tween the cylindricsal
ringz and the covar flangeg to check for the osuistence of
ibble leaks. With the indicator attac hed, flange deflections
as a function of onclosiare ;:wbgwi& conld be measured at

four locatlions; two on each flange aiamezficam;y opposite

one ancther.

5.2. Hvaluation Test Jet-nn: The avaluation test set-up

shown in Figuare o, The vscorin pump was 15%@ w0 evacuate
e snclosure prior to £1illing it with dry helium. The
C a desired level

losura pressure conld be rognlatec to
78 tha LV“1%3%$QB chamber (stzel drun) pressure followed
¢ detection of any laan from tho »nclosurs. Relative
;at 35, and not actial leaksge rates, could be

20 with this set-ap.

f3 UF A D ot b

RIER OBOLEE & 1 o
0
s

jh
1‘"‘“” F§H]
wa

[

&

-

and tubing or hose fittings. Bulknead connectors were
24 Lo T t&&img Eiﬁ&b t?rvzg t@ %s%x Th@ main drum

A1l connectionsz to the drin were nads with hollow rabber

¢
¢ *@g RTVm%Ef mili%ﬂﬁu ct:‘ﬂg co W;Qunﬁ iﬂtu ﬁas cover groove
4 ‘fCﬁ thick and allowin g it to cure overnight and bond

i

ntaegrally with the cover.

5.3. Vacuum Test Set-u. Tmz vaouur t2st set-up is
shown in Plgure 9. The axtc zn vacwin puxmp is used initially
to evacuate the onclosurs. Jhmz taneoisly the vacoaum pumping
system (mechanical pimp and diffusion vn&*} evacnate the
vacuum chaobar. ¥Nitrogen and halium ges i:c introduced into
the enclosure, with knodlmdga of the mixture determined fronm
the partial m?w surzs eatablished by obsarvaltion of the dial
gage. By directing ﬁﬁ” cutpynt of the vacwua %%%yiﬁg system
Lo the lzak detector a leakag: rate i: measured by detecting
the amount of heliuw praisent in the exhanst gas of the vacuum
chamber,

i

Attached to the inlet of the helinm leak detecteor i3 8
ranifold nade frox thres hign vacwunm vazvss, 8 plre cross,
ripe nipples, and an adapter yzaﬁ;y The nmenifold was made
vaorim zight with glyrtol paint. Tc the anr%& valves on
the man,;fo"l 1 are connectel a2 calibrated hellum glass leak
(7.8 x 10-7 atm cc/sec), xib 0wtﬁuu of the vacuum pumping
3ystam, ana the suction side of the external vacuum pump.

The gystem wes calibratad weing the following procedures.
By closing the valve to the vecuum pumping system and opening
the cther two, & known pure helium leak is drawn through
the manifold. The setting of & throttle at the inlet of
the detector allows its hign vacuum to draw on the manifold
atmosphere., A& glven deflection ¢of tnoe lzak rate nmeter is
thns associated with the known purs helium leak.




i

If the aa}ibraﬁ%@ glass leak valvs i3 now closed and the
output of the vac ping syst s 41 4%?@%%& the
raniiold, the le a level which is
associated with ia;hiﬁg from ih‘
enclosure. T Lz, the projportion
¢l ter readings are
saff ata,

5.%, High Loakage b The high leakage rate
set-1p 13 shown 1 vacuwarm pump is used to
ounate the encloszure iﬁ with dry nitrogen.
snclosusye pressure ind further tc a nositive
wressurs.  The oip £ ‘ibﬁ water and placed
horizontal position hose ai@ae@;g to the pipette is
g

gad into an opénin Any leaskage from

apalosurs is directo R = ilspleaces water
inh it contains. The water i3 colleocted in a graﬁuat*d
L : oo Terl 2 piven wvolume of

P - . ; )
WARLESY LA noagurad on oa

t-15 40 that the pipette
f@yﬁxx on the water are

-t c2s 1t possible to

»3 to fiw% nhorizontally.
4 ';;vi’&if}d .;1'1 the

t in the use o
T

€

B
£ 23 o e
P RLASL S w&g SRe v&m&»’ii

tes over a range of
nrOs .1 to 0.5 atm cc/sec
Jganb,»f {a fou ceconds for
’ggg}, ’Q: st cc/soc take sevaral
rats measurements

tablish,
: a8 ;Wﬁy:nv squipuent

woon tests, The
3 mixture contain
ibwaninates the
cetector readings.
of 2.01 atm cc/ssc
ig reguired.

P fq O e
3 m o et ;tm

3 bt
@

okt
¢t
‘

i

&

bl losuress for Testing: All
fittings on thu ;nclc:Sr or gea zzagos and electrical leads
sera wade on tho alnaiaun ring (500 Pig and PSI Drawing
No. D-10W4Y. Gas }Qaﬁ?@fﬁ VaTE DD ‘ rings in the
fors of tvo PT Lapped holos,  FL o form of

whe SRk
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adapters from 4-NPT to hose or tubing connections could be
installed or either hole could be closed by & pipe plug. All
fittings were sealed using teflon tape and glyptoi. Electrical i
leads for a 600 watt nichrome cone heater were introduced through .

a Conax Stainless Stesel Thermocouple Gland No. TG-1u4-Al (& IPS§. .
An iron-constantan thermocouple was introduced through & Conax -
3tainless Steel Speedwell Thermocouple Head No. SPW-MPGB-(6).
Details of these fittings arc shown in Pigure 11.

The installation of the heater and thermocouple are shown
in Figure 12. The thermocouple was placed diametrically opposite
the heater. The thermocouple junction was close to the center
of the enclosure. A radiation shield in the form of a tube with
several holes in 1t was placed over the thermocouple element.
The end of the tubs was plugged to make the shield complets.
The tube was filled with steel wool and supported over the
element by two O-Rings. The purpose of this radiation shield
was to assure that the thermocouple would respond only to the v
gas temperature in the enclosure and not to radiated heat. N

6.2, PFabrication of Rubber O-Ring Seals: To set up :
enclosures with rubber O-Ring seals it was necessary to fabricate.
snuch seals 20 inches in diameter. Two rubber O~Rings were made.
For zach seal % inch cross-scction neoprene rubber O-Ring stock
was cut to length. A butt-joint was made and bonded with
Bastman 910 adhesive.

o

k&‘.’

6.3, Tests using Rubber 0-Ring Enclosure Seals: The test
procadures and results in which rubber O0-Ring enclosure seals
were mpsed are documented in Tables 1 and 2. The information
in Table 1 shows that the enclosure could be made bubble tight
using rubber O-Rings, that all fittings were bubble tight,
and that the heater and thermocouple functioned over the
temperature range of 20°C to 75°C. Upon disassembly of the
covaers, it was seen that the flanges had coined under the heads
of the screws. For this reason brass washers which were on .
hand were used under the heads of the screws during assembly Lo
of Enclosure B. Also the torque wrench wvas acquired and used '
to control and limit the screw force during the second assenmbly
of Enclosure B, Enclosure B with the rubber 0-Rings installed
was tested using the evaluation chamber and leak detector to
check the test procedures and test hardware.

Table I

Bnclosure A (sides 1 and 2)
with Rubber O-Ring Seals

1. Rubber O-Rings installed in grooves of cylindrical ring.
2. Assembled hemlspherical covers.
2a. #5-40 Allen head cap screws used.
2b. Torqued lightly by hand.
3. Atmospheric air plus 13 psig hellum applied to enclosure.
3a. Water plus detergent used to check for bubble leaks -
at seadls and fittings. ' . L
. « Fittings found to be bubble tight; some Imb!




found around circumferences of seals.
‘ 3¢. DBolts near bubble leaks tightened untll leaks stopped.
4, BElectrical power run to cone heater.
4a. Current controlled through 2 kva auto transformer. ST
4b. Pressure buildup inside enclosure dne to heating of -
the gas bled off.
¢. Thermocouple monitored over temperature range of
200C to 75°C by an API Model 503 pyrometer having a 2% accuracy.

Tablz 2

Enclosure B (sides 3 and W)
with Rubber 0-Ring Seals

1. Rubber O-Rings installed in grooves of cylindrical ring.
2. Assembled hemispherical covers.
2a. #5-40 Allen head cap screws and brass washers used.
2b. All screws torqusd to 5 in-1bd (600 1lb. axial
force/screw).
3. Atmospheric air plus 13 psig helium applied to enclosure.
3a. Water plus detargent used to check for bubble leaks
at seals and fittings.
3b. Fittings found to be bubble tightj some bubble leaks
found around circumferences of seals.
4. Blectrical power run to cone heater.
ba. Current controlled through 2 kva autc transformer.
4b. Pressure bulldup inside enclosure due to heating of
the gas blecd off.
¢. Thermocouple monitored over temperature range of 20°C
to 759C by the API 503 pyrometer.
5. Enclosure placed in evaluation chamber.
5a. Chamber connected to external leak detector manifold.
5b. Enclosure evacuated by mechanical vacuum pump .
5c. Chamber partially evacuated to -2.5 in hg. by
mechanical vacuum pump.
5d. Leak detactor pressure not raecerdad. -
5¢. Leak detector meter reading: 0.100.
Attenuator dial at 300X '
Therefore, leak rate reading = 30 divisions.
of. Enclosure pressure increased to 7 psig helium.
5g. Leak detector throttle valve set for pressure of
0.01 micron.
5h. Leak detector meter reading: 0.217
Attenuator dial at 300 X
Therefore, leak rate reading = 65 divisions
5i. External 1eak detector manifold exhausted.
53. Calibrated glass leak introduced into manifold.
ok. Chamber pressure maintained at -2.5 in hg.
51. Leak detector throttle valve unchanged; leak detector
pressure remained 0.01 micron.
5m. Leak detector meter reading: 0.117
Attenuator dial at 300X
Therefore, calibration leak rate reading = 35 divisions.
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Tnolosure A ’”f',u > oand 2}
with Gola-Pl : '

1. C-Rings and sealing surfacss cleaned with acetone and
lint~free paper.
2. Gold plated C-Rings installed in grooves of cylindrical

ring.
5. Hemispherical covars assexblad.

3a. No. 5-40 Allen head cap scraws and No. 4 steel washers
1sed.

3. All screws torgued lo ¥ (400 1h. axial force/screw)
‘. Atmospheric ailr plus 13 pslg heliuwm applied to enclosureg
bubble lzakage using water 2nt observed to be smaller
than when using "wnplated C-Rings.
5. Enclosure vmnzga Lo atmosphers.
£,

Electrical power rmn to coene hesler.
€a. Enclosure held at 709C for 2 hours.
Sb. The procedure of stan La expedites the plastic flowing
of the plating.
7. Fnclosure set up on bench {2t room temperatutbe).

7a. Brpclosure ovecuatod by mechanical vacwim pump.
7b.  Dry nitrogoen introdaced into onclosure at 10 psig.

4

7¢.  Enclozirz not oublle tight.
7, ISnclosure pressurs ndicatsd on dial gage was observed

te drop continuously.

= h@&rﬁgﬁn folt two points on side 2.

rusnd
ey o v oy s Y om Y e
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p 7y ey 7o
. maclosure vanted to atm
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“

i
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9b. Bnclosure air pressure increased in 3 psi increments to
12 nzlg and flange deflections rﬁaawc“u@
¢. Indicator stas line bhetween the
scrow above and an ad

'.;;

W

Cd. 3tep 9b repe

S¢ Tndicator %i line to spesition
venindé the screw aﬁjaf,mt

9f. 3tep 9b rapeated.

9¢. Indlcator moved to o 0% from first location
and steps 9a through 92 repeatad.,

9h. 7&&1“8%““ meved to a locatlon opposite location of
stan 9g on olher flange; stevs Ta through 90 repeatad.

gi. Eﬁdicaigr JQV“Q to a locatior Luiﬁ from location of
step 9hy steps %a throagh 9f rogeatsd.

93, Results of steps 9 plotted in ig@ra 13,
10, Heni sgh&ﬁia&i cover on side Z romoved.

iCa. 3Sealing line on flange observed to be a band of radial
"sorubY narks.

10b. Sealing line pot continuous at two points discussed in
sten 7e.
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20a. Enclosure pressure raised to -10 in Hg vacuum
(20 in Hg abs). Gas mixture: 39 parts N,, 1 part He.

20b. Chamber pressure observed to be greater than 20
micron (full scale on discharge vacuum gage).

20c. Pressure between mechanical and diffusion pumps
of vacuum pumping system cbserved to be just under full
scale (2000 micron) on Pirani vacuum gage. Therefore,
chamber pressure was less than 2000 microns.

?Od. Throttle valvas set for leak detector pressure of
0.025 micron.

20e. Leak detector meter reading: 1 (tending off full
scale)
Attermator dial at 300X
Therefore, leak rate reading = 300 divisions.

20f. Output of vacuum pumplng system excluded from
extarnal leak detector manifold.

20g. Calibrated pure helium glass leak introduced into
manifold.

20h. Throttle valve in same position as Step 20d.

20i. Leak detesctor pressure: not recorded.

20). Leak detector meter reading: 0.02 .
Attenuator dial at 1X )
Therefeore, calibration leak rate reading = 0.02

divisions.
21. Chamber and enclosure slowly vented to atmosphere.
22. Bell jar removed from vacuum chambzr base plate.

23+ Enclosure placed in evalunation chamber in high leakage
ratz set-np (Figure 19).

2. ©Enclosurz evacuatad using external mechanical vacuum pump »
25. Enclosure filled with one atmosphere of dry nitrogen.
26. Leakage rate test rn.

26a. BEnclosure pressure increasad in 1 psi increments to
15 eosig (nltroger); dropped to 5 psig; droppad to O psig.

?€b. Watar displaced from pipette by enclosure leakage gas
collected in graduatad cylinder (determined for each 1 psi
increment) .

2e. Time to displacs a given guantity of water measurecd
12ing a stop watch.
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27. Enclosure removed from chamber.

2€. Hemlspherical cover on side 3 removed and replaced.
29. Steps 23 through 27 repeatad.

30. Hemispherical cover on side 3 removad.
30a. Sealing line on flange observad to be continuous.
30b. Sealing line in the form of a band of light radial
"scrub" marks.

31. C-Ring removed from cavity.
3la. Sealing line on ring observed to be continuous.
31b. Sealing line in the form of a band of very light
radial "scrub" marks.

32. Enclosure reassembled.
7. Conclusions

Becanse of the number of variablas in the design of a
twenty-inch diameter metal enclosure seal, the limited test
resnlts presented here are not sufficisnt to predict which
platings and coatings (if any) should be used with a metal
C-Ring for a zero leakag> scal. These results do suggest
cartain design and proczdural changes that should result in
& minimum, if not a zero, leakage rate using a C-Ring,
probably silver-platzd.n

rd
Pt

The thrae points nlotted in Figure 1W are of the leakage
rates of the silver-plated seals as a fanction of the
enclosure pressure. These data are from tests in the vacuum
chamber. These data indicats that initlally at lower pressure
differentials the seal was guite effective. As the pressure
was increased the seal lost its effoctiveness. Figure 1k is a
seml-logarithmic plot and, therefore, the rate of increase of
the leakage from point 2 to point 2 is mach greater than from
point 1 to point 2. From step 9c of Table 5 we see that the
bubble leakage just prior to the vacuum tests was not observed
until the dry nitrogen pressure reached 5 psig. The increase
of this pressure to 10 psig resnlted in a steady increase in
the bubble leakage. Thus the bubble leakage tests and vacuum
tests appear to be in agreement.

Figure 15 is a plot of the tests rn in the high leakage
rate test set-up. The first test (curve'd') does not indicate
a leak rate in response to the enclosure pressure of the same
form as the bubble leak tecsts and vacuum tests (the vacuunm
tests points 1, 2, and 3 are also plotted in Figure 15).

Point 3, however, does agree closely with the data of the high
leakage tests at approximately 9 to 10 psi. These data suggest
that the seal lost 1ts effectiveness during the vacuum tests
and did not completely recover.
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The following observations indicate the inltlal seallng
capability of the silver-plated C-Ring:

(1) The lack of vibble leakage uantil 5 psig dry nitregen
was reachad prior to vacmam testing, (2) the low leakage
measured at point 1 during vacumm tusting,& (3) the fact that
at 1 psig during the first high leakage test no leak was
detected. One concludes that the soft silver-plating had
flowed into surface irregilarities both during the heating
of the enclosure and durilng the perliod overnight just prior
to vacuum testing. The heating process in particular can
cause a weak bonding of the sealing surface to the C-Ring
throngh the silver. During the vacuum testing these bonds
apparently broke down due to the large flange deflections.
The mating surfaces between C-Rings and sealing surfaces
st11l lined up, though, and at near zero positive enclosure
pressures, the flange daflections were not great enough to
develop a detectible leak. Cnce the hemispherical cover
was removed the bonding was completely broken down. Since
the cover could not be replacad with perfect alignment of
the mating surfaces, an increased leakage was observed as
indicated by curves B and C of Figure 15.

The decrcase in the leakage rate at higher pressures for
enrves A and B demonstrats that the flexible C-Ring responds
to the internal pressure and follows the flange deflections.
The curves, A, B and C also suggast some analysis which
explains and helps verify the above comment.

Over the range of prassures which the high leakage tests
were run (1%.7 psia ambient prassurey; 1%.7 to 29.7 psia enclosure
nressure) the following relatlion can be shown to be approximately
trie for thoe flow of a compressible fluid through a venturi
or orifice.

/_______
Q = KP2 - Pl

Q: Volume flow rate
P-: Throat or minimum jet area pressure
Py: Inlet pressure

If we now plot f;; against Ap up to 195 psig in Filgure 16 we

sea that the curves A4 and B of Figure 15 are not of the same
form as 'Ap Vs Ap whereas curve C is. The assumptlon here

is that the enclosure seal leakage paths approximate a series
of orifices or venturis. Considering the throat or minimum jet
arca pressure to be the ambient pressure no doubt leads to some
error, particularly at low enclosure pressures. The results

do suggest that the C-Ring closss "ip the leakage path slze at
high pressures. Also the shape of curve C suggests that the
removal of one cover causaed misalignment of surface irregular-
ities which resulted in ths addition of constant leakage paths

(-
O



o

o
e & 5 b

o o A
HE RV

e

&
=3
¥
5 e
. seed
it B

Bt

v
-y 5
S Y e
o ‘.;h 1y
rey wiad
£ 43
. s

e e
&
g
i St
g 3
e 2%
jax! e B
{2e oo
]

BRI

sty
orb

o
3T

et

woE
oL
o gy
Bt

&4

bt oy b

1.,
o
0y @
-
e g
L3 Y
Tl Balt
ok
o
et
L
sl
o
% ey
£
o
2
[

Hiy

[
fe3

s
e
PR
o

dnd b

A

P

PPN

A3
whent vged
: et Sy
£ By L2 O
O
JE W R I




flange and have approximat
s the {lange. A ring af
maks & reduction in the

reduetion should nolt b
seal iz obtained with toe

The nze of “Alodine® (amcrph
the alnminum would eliminate the
mhe “Alodine® surface should also Do yz:résgn@a?if o
baryll‘um surface 1f that material wers usad for ithe enciomnurs

rather than aluomimun.

Thicker platings chould al
¥f 5 satisfactory thick plating
more readily flows into any 1 oL

surfaces. The additicn of a

ok

P

mptoed on the C-Rings.

u@z the soft silver
in the f*:&?;“‘zg

indinm overlay

&
<
(v
W

¥ ¥
&
e
LN ¢
W

i
[

o e S

foe gp B ot ot ek

shonld result in still fart e ent of the seal
Werfgr&aﬁus. The fact tumﬁ al fectiveness decreasad
markedly upon increase in the losu sressurae in the
vacuum chamber 1s t’?kbﬁt“’ veessive flange deflections,
and teo scme extent to the of the radial Pzcrud’
marks, The fact that al does not have the
reuseability charactor as indicatad by

Figure 1% is attriotbad fyorub? marks, Although
the cover was roplacad dentation as it had
been prior to its roue ations in the plating
could not bo sected cisely with theose in the
flanges and groov tho radial "scrub® marks

wculu afford
“%;(3 T u&}»s T¢h f
to actasl s= s oA the oy
deflections @r b*@ Hat oro
corresnonding radlisl zow
the fﬁﬁaaﬁ” to forz radl G
Pilodine') a@al*%g surfacs won

<

the swooth zosling & ces a bhaelter opnortunity
: e : C~Rkag pricr

o
]

Rl b el S Y R Vﬁ sludl d, Axial
v55 soction of the C-Ring have

By pfzaﬁmgzwgv&zg tkm C-Ring
¥ Tuminom {or

o Y [ o - 5
Althongh the regw
3 tiriz far oblsal
i ! 505

M

4
ling
me caling surfacus.

PR B 3
{2

s in nlated
ndic The
N

S et b B L
GIA:S:

\,‘;Ci{}‘%‘* I
that ’."fi

: srototype
it £ : n
;.@Il&i i - Q;,x
e S " o . V
bﬁ&;f&ﬂlﬁg 1gmg:§ sealing - 5 RGAS ) N




;
- H
i o
] R

By o S L0 e

(RO S BRI £

TS I T I s R

N IR i

RPN Wil S SN o g3 e

R BE e IRL £l

R oot .

s

S 4 B s O e

L

(A PO ]
™ L3

£

}







ERSIARIRIE

QATIVLSN! STIVIS ONIY—O HLIM FHNSCTONT 3dAL0L0Hd

k4
X
w%\ g
£ Y
iy ) ”
i , i
m T Dl aMdb
Wig 2¢Oz :
&
SN AWNNIWNNTY .
3
: ;
|
A fr, ,
Pebes

§3IA00 J/ |
MY OIH IHAS IWAH | /

ONVTIANYIN "HTIASLTEH
ONI IONFIOS IHNSSIud

33
£
w




PRESSURE SCIENCE INC
BELTSVILLE, MARYLAND

ANALYSIS

?3’; - f




%%
s

|

-

G o i

'




ANV

ONi

TAHYW CIATINIASLYIIE

AONIIDS HHNSSI M

[



ERl

=

IYNLVIDONIWON NOILDITI30 3DV NS 9

7y
gt
Z
ot
<
lad

SRS

i
L

:
3
X}
N s
N S .
R VW

i
H

»;?b:,
o

I
—H o

bh.
s]

ANV TAYYW CETTASLIEE et CEA A 40 IONY 4
ONT 3ONIINS 3UNSS3Yd

a}ﬁ




Y IS INMNSCTONT ONid - O

s
4
oof
7

ANYTIAHY W S 37T TIASL1EA
ONT FONTIOS IHNSSHHd

ST,






C2UTHAS LTI
310¢ FHNSSAY



ifs

s

3
9

LORNNOYA

[

. S——

T iNvHid

R . B~ SN . [ st oo .
Sl
i
:
i
-

HEFAVHD AN




o #

.

dfi~4138 L1831 3AVH JOVHVIT HYI




11 33n91d

SANV19 JH¥NSOTONI 40 STVvli3d

ANV9 300813373 40 Tivli3d

/ ; 4

dvO  A3IX  H3IMOT04 ANVID AQOo8 S@v3 4a3snin

/

SAV3I1 ¥3ILVIH 2 'ON HO1lVTNSNI INVIV3IS NOI431 | 'ON HOLVIASNI

ONV19 3TdNOJONWN3IHIL 40 TIvi3d
1v3s ¥388ny 39Nl AT8W3SSY 1¥0ddNS Ol ONIY-0 ¥388NY oNnd
. / - ’

/v

3dIM 3T1dNOJOWHIHL SIN3A J700M 11331S ONISNOH 3T1dNOJOWY3HL

ONVIIAYYW ‘31TIASL38
ONI 3IDON310S 3¥NSS3INd




37dNOJONWYHIHL ONV ¥31VIH 40 NOILVITVLSNI ONIMOHS WVYHOVIQ JILVNIHOIS

ONILLld 30080313 XVNOD

9NILLI4 3T7dNOJOWH3IHL XVNOD -

5N71d

. - - Y¥31Vv3H 3NOD
34IM 3WOYHDIN L11VM 009

NV ANV “317IASLT38
9Nl 3DN3IDS 3IHNSS3I ¥
-

ry

J00M 1331S

d13IHS NOllivIagvy

_AN3IW33
3TdNOOOWH3HL

ONIY WNNINNTY 9L —1809-

CLONI—D,

Y3ACO TTVYOIH3IHASINIH
WNNINNTY NNdS 0-1909

H3IHSYM ¥ ON

ONDT um. ‘ONNOY -G -

dv0 av3H N3V ‘M3d0S,




FLANGE DEFLECTION ABOVE SEALING LINE
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PRESSURE SCIENCE INC
BELTSVILLE, MARYLAND

(a) (b)
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ENCLOSURE LEAKAGE RATE,(atm cc/sec)

TWO SILVER PLATED SEALS
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Table 6
FLANGE DEFLECTICN DATA

(Enclosure with Gold-Plated Seals)

SIDE 2
Pressure Deflection
(psig) Position 1 Position 2 Position 3
3ehind 3o0lt Jetween Jolts 3ehind 3olt
¢ ¢ ¢ C
3 L0012 .0C13 L0012
O L0027 .0C29 .CG28
9 . O04C NeleLa LoCk2
12 .CC53 .G058 .GC59
Position & Position 5 Position 6
Behind Belt 3etween 3olts 3ehind 3olt
O C C 0
3 .0C13 .CC15 .C019
6 . 0029 (031 LGC28
) LOCh2 L0047 LCOWY
12 L0095 L0060 .CC58




Table 6
(cont.)
FLANGE DEFLECTION DATA

(Enclosure with Gold-Plated Seals)

SIDE 1
Pressure Deflection

(psig) Position 7 Position 8 Position ©
Behind Bolt Between 30lts 3ehind 3olt

¢ O C C

3 .0011 .0C11 .0010

6 .CcC22 .CC21 .0C2C

9 .CC31 .0035 .0031

12 «OCHC LO0W7 . OO40
Position 1C Position 11 Position 12
Behind Bolt Between 3olts 3ehind 3o0lt

C ¢ C E

3 LGC11 . CCLO .C0L10

& .0C21 L0020 .Cc2¢

¢ .C032 0031 .C031

12 Nele L00kS L OCHY



Table 7
C~RING HEIGHT AND CAVITY DEPTH DIVEISICNS

Enclosure A

Cavity Depth: 0.20 Cavity Dopth: 0.19%
(5182 1) (3ide 2)

o

yold-plated C-ring hieight Gold=-plated C-ring l.oight

0,258 , 0.2€90
Bafore service: 7 Before service: ~
e 3} 7
I oml o D
7.221 not
Aftor service: ¢ Aftoer services -
D.212 measnured

mnclosure B

Cavity Depth: 9.204 Cavity Despth: 2.200
3ide 3) (Side &)

Tnplated C-ring helght Onplated C-ring hoight
0.296 T.2%
Before sorvice: gﬁw Befora service: 2 ﬁg§
\)CL;}J WLl 4

2.219 0,21
After service:s e After servico:s
T.210 .22

Cilver-plated C-ring helght Silver-rlated C-ring height
- p . 0.25¢ . 5.255
o3ior2 sarvice: 0 Belcrz service: [ °.7<

(s C'SC e P

. n ootk Aok
After service: Yo After service: ,
0.213 peasnured
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CALCULATICKS OF LEAKAGE RATES OF TWC 20-IN DIAMETER SILVER-PLATED
C~RING ENCLOSURE SEALS FRCM LEAK DETECTCR METER READINGS

Calibrated glass lesk: 7.8 x 1077 atm cc (He)/sec

Leak detector: Consolidated Electrodynamics Corporation
type 24-110

Vacuum Pumping System: Central Scientific Company No. 94712
with Hyvac 28 two-stage pump.

Vacuum Test No. 1
A. Data

1. Enclosure pressure: 9 in. Hg abs.
(19 parts N,, 1 part He)

2. Calibrated glass leak rate detection
Leak detector meter reading: 0.1k
Attenuator dial at 100X
Therefore, calibrated leak reading = 14 divisions

3. IBnclosure leak rate detection
Leak detector meter reading: 0.433
Attemuator dial at 300X .
Therefore, leak rate reading = 130 divisions
B. Calculation of enclosure leak rate
Leak Rate = 7.8 x 1077 atm cc(He)/sec.
120 div., . 20 parts encl. gas
1 div. 1 part He

Leak Rate = 0.145 x 1073 atm ce/sec = 0.000145 atm cc/sac

Vacmum Test No. 2
A. Date

1. Enclosure pressure: 15.0 in,Hg abs.
(29 parts N,, 1 part He)

2. Calibrated glass leak rate detectlion
Leak detector meter reading: 0.233

Attenuator dial at 3X :
Therefore, calibrated leak reading = 0.7 divisions



H

3. Enclosure leak rate detection
Leak detector meter reading: 0.26
Attenuator dial at 100X

Therefore, leak rate reading = 26 divisions
Calculation of enclosure leak rate

Leak Rate = 7.8 x 107 atm cc(He)/sec.
26 div. . 30 parts encl. gas

0.7 div. 1 part He

Leak Rate = 8.7 x 16”3 atm cc/sec = 0.0087 atm ce/sec

Vacuum Test No. 3
Dats

1. Enclosure pressure = 20 in. Hg abs.
(39 parts N,, 1 part He)

2. Calibrated glass leak detection
Leak detector meter reading = 0.02 divisions
Attenuator dial at 1lX

Therefore, calibrated leak reading = 0.02 divisions

3. Enclosure leak rate detection
Leak detector meter reading: 1
Attenuator dial at 300X
Therefore, leak rate reading = 300 divisions

Calculation of enclosure leak rate

Leak Rate = 7.8 x 107 atm cc(He)/sec.
300 div. 40 parts encl. gas

C.02 div. 1 part He

Leak Rate = 0.469 atm cc/sec



