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FOR BOLT IN LRV TUBE

r ¢ BAOLT =]l

BOLT

LRV TUBE

Tigure 3.
LRV TUBE = 1,005 DIA

+ ,000 .998 MNax
Bolt = ,998 - ,002 L = ,996 Min

A (Bolt) Max = B (Tube) - .996

A (Bolt) Min = C (Tube) + .996
Min Nom Max

For A (LRV Tube) = 19,690 19,700 19,710
(See Table 3 For LRV Tube B&C)

A (Bolt) = 19,699 19,709 19,719
19,681 19,691 19,691

¢, Bolt = 19,719 Max
19,681 Min
.038 Tot, or + ,019

Assumed: Let Eccentricity (TIR) Post Assembly

=,010
Then § Post Assy = @, Bolt +.010
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LCRU CASE LEAK RATE ANALYSIS

1,0 SCOPE

The purpose of this analysis is to analytically predict the leak rate character-
istic and the moisture content of the LCRU pressure case 8370854-501 after expos-
ure to the specification environment of the LCRU subsystem RCA Dwg. No, 8370855,

2.0 APPLICABLE DOCUMENTS

LCRU Specification SE-C-0043A
Case Assembly 8370873-501
Cover 8670921-1

Sealing Tube 8659204-501

Connector Receptable
Specification Sealing
Specification, Gasket 8555261

3.0 DETAIL ANALYSIS
3.1 PHYSICAL CHARACTERISTICS OF CASE AND COMPONENTS

The characteristics of the case, cover and connectors are as follows:

Case Volume

11,6 x 11,7 x 3.7 =504 cu, in,
504 x 16,4 = 8260 C.C,

Assume 50% of volume is components.

Gas Volume

(504) (0.5) = 252 cu, in.
(8260) (0.5) = 4130 C. C.

Gasket material B-591-8 45 in, long from Parker Handbook, leak rate is

@ 77°F 2.7 to 8.0 ATM CC/IN/YR He
@ 176°F 8,7 to 26,0 ATM CC/IN/YR He

Connectors - Two leak sources

(a) Glass Seal
(b) Rubber "O'" ring
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Glass Seal Leak Rates

‘ Selectro Conn. (1) 1x 10"8

Triplexer Conn, (1) 1x 10:2 ATM CC/SEC He
Diplexer Conn, (2) 1x 10 . ATM CC/SEC He
Multipin Conn, (1) 3x 10 ~ ATM CC/SEC He

8

ATM CC/SEC He

Total 1.6 x 10 -~ ATM CC/SEC He

O-Ring Leak Rates

Connector O—Ring Length, Inches
Selectro Conn, (3.14) (0,25) = 0,785
Triplexer Conn, (3.14) (0.50) = 1,570
Diplexer Conn, (2) (3. 14) (0.50) = 3,140
Multipin Conn, (3.14) (1.5) = 4,700
Sub Total 10, 195

Pressure Cover

Screw O-Ring (3.14) (0.5) = 1,570
Fill Tube O-Ring (3.14) (0.5) = 1,570
’ Total 13. 335

The O-ring leak rates according to Parker Seal Co, are approximately 3 times
that of the molded in place "Gask-o-seal' used in the pressure cover.

3 (13.335) = 40, 0 equivalent inches of gasket.
So the total gasket length is 45.0 + 40, 0 = 85, 0 inches of gasket,
The glass seal leakage is
(1.6 x 10'8) (3.16 x 107) = 0,506 ATM CC/YR He
The gasket and O-ring leak rate is
15 ATM CC/IN/YR He
15 (85.0) = 1280 ATM CC/YR He

The 15 ATM CC/IN/YR He leak rate is the average value for the B591-8 butyl
compound at 80°C from the Parker Seal Handbook (see Appendix).
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Total leak rate for the case

gasket and o-rings 1280, 000 ATM CC/YR He
. Glass seals .506 ATM CC/YR He
total 1280.506 ATM CC/YR He

3.2 PRESSURE DROP DETERMINATION

Gas content 100% nitorgen internal pressure 7.5 psia case temperature on
moon 140°F max.

Convert the leak rate to the equivalent leak rate for nitrogen:

A

1
Q, = Q, —
2 1 xz
where. Q = Leak rate
A = DMolecular diffusion rate coefficient

(see chart in Appendix from Parker Seal Co, )

Qo= 1280,;1'—25 = 800 ATM CC/YR N, @ 140°F
‘ The pressure after a period of time in the case can be calculated as
_ ) LT
P = Po e v

Assume the leak rate is constant to simplify the calculations. (It actually
decreases) convert the leak rate to CC/MONTH

800 AT)M CC/YR N2 @ 140°F @ 1 ATM AP

For 1 month

P = (I.5e -800/12 (1)

4130
_ .0161 7,5 .
P = (7.5)/e = o167 7.4 psia
For 12 months
B -800 _
P = (7.5)e 2130 (7.5) e

4,
[

(7.5)/1,214 = 6, 18 psia
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For 50 months

-800/12 (50)
4130

@.5)e "% = 3 .34

P

(7.5) e

P

For 100 months

-800/12 (100)
4130

P

(7.5) e

P = 1,49 psia

This data is shown in graph form in Figure 1, The graph shows that the criti-
. cal pressuie for corona of approximately 1, 0 psia will not be reached until after
150 months of exposure to the vacuum of space.

Analysis of Screw Loading on Pressure Cover

Screws: # 6-32 stainless steel flat head
Minimum tension for screw: = 540 1b,
Breaking torque = 14, 0 in, lb,

40% safety factor is recommended.

540 _
12,0 _ 10in 1,

Clamping force should be 30-150 1b per in, of seal. Screws are on 1, 0 inch centers

so we have one screw per inch of seal, The #6 screw will easily carry the load of
150 1b,

The torque required will be approximately:

KDW _ (. 30) (. 138) (150) _

T = 12

0.52 ft, Ib,

-
I

6. 25 in, 1b, per screw
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Determine the deflection of the cover flange between the screws.

w = 150 1b/in.

S

o —— - /.0 oo
Ma_x = _1 ‘V_s
y 384 EI
r‘— .626‘-—1—‘ _L
JeS
-3
___1_ 3=.625(1.95x10 )= -4 4
I = {5 X.625 (.125) T 1.02x 10~ in
~ 150 _ .39
y - 6 2. 2
(384) (10x 10°) (1..02x 10 )  10.2x 10
_4 3
y = -3.82x 10 = ,00038 in,

No problem with deflection,

3.3 Relative Humidity Determination

The following analysis predicts the moisture content in the LCRU pressurized
compartment after exposure to the total environment.

Condition 1: 140°F 100% R.H. 1 month (transportation)
Condition 2: 80°F 50% R.H. 36 months (storage)
Condition 3: 80°F 80% R.H. 1 month (launch, etc.)

3.3.1 Weight of water vapor at the start of storage. Assume at the end of bake cycle
that the entire volume is filled with water vapor 100 microns pressure @ 140°F.
The weight of water present will then be:

PV = WRT
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3.3.2

1545

= = g85.8 FT-1b/Ib - °R

R " 85
252

= —= = 146cu FT
v 1728 A6
P = 100 microns =.1 mm Hg

1

= —— (14.7) = .00193 PSI
& 760 ,( )
T = 460 + 140 = 600°R
W = (279) (. 146) _ g , 10”8 1. of water

(85. 8) (600)

The unit is filled with 100% nitrogen at 7.5 psia at 70°F, Calculate Ibs. of

gas in container.

PV = WRT

R = 125;50 = 55,0 ft-1b/16°R

V = .146 cu,. ft.

P = 7.5 (144) = 1080 1b/ft2

T = 460+ 170 = 530°R

w =-(080) (146) _ 5 45 107 1b. of gas

(55) (5630)

The water content of the gas is assumed to be 10, 5 ppm.

3.3.3

(10,5 x 10'6) (.42 x 10'3) = 57.0x 10 " 1b H,0

So the total initial water in the unit will be:

57.0x 10 ° b  from fill gas
790.0x 1072 1b  from initial purge

847.0x 10°91b  total H,0
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' The initial relative humidity in the case at 70°F will be as follows:

. Partial pressure of H20 at 70°F
b - WoRT (847 x107%) 85. 8) (530)
0 v (. 146) (144)

P = 1.83x 1073 psia

Saturation pressure @ 70°F = , 3628 psia

-3
_1,83x 10 i
R. H. 3675 — (100) = 0.505% R.H,

3.3.4 Water vapor leakage for Condition 1, 140°F 100% R, H., 1 month
Partial pressure H 2O in air @ 140°F
100% R.H. = (1.0) (2.887) = 2.887 psia

The partial pressure of the H_O in the case at 140°F is:

2
& oo WoRT (847 x 107%) (85.5) (600)
o v (. 142) (149
_ -3 .
P0 = 2.13x 10 ~ psia

The diffusion AP @ 140°F therefore is:
2,887 - ,00213 = 2, 885 psia

The diffusion leak rate for H 20 @ 140°F is 266 ATM CC/YR H 2o

So the leak rate of HZO into the case for Condition 1 will be:

2. 885 x 266 _
— 52.1 ATM CC/YR HZO

In one month

1
12 4,34 ATM CC H20
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3.3.5

52. 1 _ 52. 1 2,17
(3600) (24) (365) -

3
(3.6 x 10°) (24) 3.65 x 10) 13,2 x 10°

= ,165x 1075 ATM CC/SEC.
-5 4 -1 .
(.165x 10 ) 9.66x 10°) = 1,6 x 10 ~ micron cu ft/HR
= , 16 micron cu ft/HR
(30) (24) (.16) = 11,5 micron cu, ft.

(11.5) (L.32x 10°%) = 15.2x 1075 ATM cu. .

(14.7) (144) (15. 2 x 10'6)

' -6
=, 1 ! .
(85. 8) (600) 626 x 10 ~ Ib, water

The weight of water:

Water vapor leakage for Condition 2. 80°F 50% R.H. 36 months
Partial pressure HZO in air @ 80°F 50% R.H. = (.5) (.5066) =, 253 psia
The weight of water in the case at the start of storage is:

6

L 626x10 8+ .847x10%=1.473x 108 .

The partial pressure of the H_O in the case is now:

)
7 -
_ e _ (1.473x 10 6\ (85.8) (540)
o \% (. 146) (144)
P = 324x10° psia

o

The partial pressure of the HZO outside the case @ 80°F =, 253 psia.
Diffusion AP @ 80°F is then:

.2563 - .003 = .25 psia
The leak rate for H20 @ 140°F is 266 ATM CC/YR H20.

Corrected to 80°F

;17—‘2 (266) = 125 ATM CC/YR Hzo

So the leak rate of H20 into the case for Condition 2 will be:

. 25
e—— 25) =
27 (125) = 2.12ATM CC/YR H,0
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7

ATM CC/SEC.

e - .67x 10

3.16 x 10

(.67x 10 ") (9.66x 107) = 6.47 x 10™° Micron cu. ft. /HR

17 x 101 Micron cu, ft.

(6.47 x 10'3) (24) (365) (3)

170 Micron cu. ft.

(170) (1. 32 x 10'6) = 224 x 10 8 ATM cu. ft.

The weight of water increase will be:

_ (14.7) (144) (224 x 1078

(85. 8) (540)

) = 10.3x 10 % m. H,0

3.3.6 Water vapor leakage for Condition 3:
80°F 80% R.H. 1 month
Partial pressure H 20 in air @ 80°F 80% R. H.
(- 8) (.5066) = ,405 psia
The weight of water vapor at start of Condition 3 is:

1.473x10 8 +10.3x10°% = 11.8x 107 m,

The partial pressure of the H 2O in the case is now:

o _ (1L8x 10'6) (85. 8) (540)
o v (- 146) (144)

]

P 26.0% 10 psia

o

The partial pressure of the H_O outside the case @ 80°F =, 253 psia

2
Diffusion AP @ 80°F is then:

.253 -. 0026 = , 250 psia
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Leak rate corrected to 80°F is 125 ATM CC/YR H_O.

2
. So the leak rate into the case for Condition 3 will be:
e (125) = 2,12 ATM CC‘/YR H_O
14,7 : 2
=29 - = .67x 10”7 ATM CC/SEC.
3.16 x 10

(. 67 X 10'7) (9. 66 x 104) = 6.47 x 10"° micron cu. ft. /HR
6.47 x 10°°) (24) (30) = 4. 65 micron cu, ft.

4.65) (L.32x 10°%) = 6.15 x 1078 ATM cu. £t.

The weight of water increase will be:

-6
_ (14.7) (144) (6.15x 16 ) _ -6
(85. 8) (540) .282x10 " 1b HZO
3.3.7 The total water vapor in the case and relative humidity.

847 x 10”8 I,

Initial

. 626 x 1078 1b.

10. 300 x 10~ 1b.

Condition 1

Condition 2

6

]

Condition 3 .282x 10 ° Ib,

12, 055 x 10" ° Ib.

Total

The final partial pressure inside the case at 50°F:

b - WoRT (12,05 x 107°) (85.8) 510) _ 095 bsia
o v (. 146) (144) V@O P

Saturation pressure @ 50°F =, 1780 psia

. 025

R.H. @50°F = 1780

(100) = 149
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3.3.8 Determine the dew point temperature. Try 4°F,

‘ p = (12.05% 10" (85. 8) 64) _
) (- 146) (144)

. 0228 psia

Saturation pressure at 4°F = , 0227

R.H = 0228

= (100) = 100%

Dew Point = 4°F,
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LCRU LEAK RATE ANALYSIS
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S
TABLE (1Y

GASK-O-SLCAL VACUUM LEAK RATE

at one atmosphere differential pressure***

Stabilized Leak Rate Range
(ATM cc/in/yr* He)**

Temperature
Compound (Base Elastomer) 25°C (77°F) 80“C (176°F) 150°C (302°F)

77-545 (Fluorocarbon) 2.0t0 6.0 4.510 14.0 6.11019.0
B318-7 (Butyl) 1.8105.5 8.0to 24.0

- B591-8 (Butyl) 2.7 10 8.0 8.7 to 26.0
B612-7 (Butyl) ~ 1.0t03.0 3.0t09.0
E515-8 (EP) 6.310192.0 33.4t0100.0 103.510310.0
$383-7 (Silicone) 49.3t0 150.0 125.610380.0 269.210810.0

*Atmospheric cubic centimeters of Helium per lineal inch of scal jier yeor,
**Test results of 460-xxx-16 series Gask-O-Scal (302/304 Cres. Retaincrs).
**37ested with Helium of one atmosphere pressure inside the scal, ond an averoge absolule pressure of

3.5 x 10— torr. outside seal.

The helium low limit leck rafes noted in toble 1I-1 were measured under

controlled laboratory conditions using ideal geometric flange design and
seal style.

' Recent studies of acteal applicotions indicate that allowarnces must be
made for the limit of accuracy of leak detecticn apparatus and normal

variations which offect the seal such as bolt spacing, flange scparation and
surface {inish, etc.

Therefore, in most applications ot is 1ecommended that the high limit
leok rate, as noted in table -1 (three times the low limit) be used as the
preaicted siebilized leak rale for actual service conditions. These values
may be exceeded if the mating surface is 1oo rough, if flanges separate, or
if the components are not sufficiently clean.

The estimated leak rates of other gases can be found in relation to
helium from 72°F to 1657F using the equation on page 2-6 and the curves
of Figure [I-2. Also, the change in esiimaied leak rate of gas due fo temper-
aturc can be determined by this means.

One word of cavtion is in order. When applying the leak rate dota of
Table 11-1 1o « specific seal design, muliiply the lincor inches of seal line
by the diifusion raie. A two sided seal has twice the scul length of a
single seol. Also, for higher fcmperatures, greater pressure differentials,
or compounds other than shown, the rates will change. In these cases,
tolerable leak rates of gases should be specified.

TALCLE H-2
WEIGHT LOSS UNDER VACUWA AS A FUNCTION OF TEMPERATURE

Compournd Tempereture Weichi Loss Pressure
(Bose Clastomer) OF % forr
B318-7 M (Butyl) 77 3.3 6x10°

120 5.1 2x108

165 6.8 3x 109

77-545 @ (Fluorocarton) 77 2.1 0.18x 108
M (Fluorecarbon) 77 0 1.2 %10

120 0.7 4x10%

165 1.3 5x108

E515-8 G) (LF) 75 0.4 4x10¢8

Separate scty of ramples were tested at each temperature:
(M Duration of test, 8 daye.

(?) Duraticn of ted, 64 Lows,
B)Duration of 1e11, 24 duys.
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VACUUM LEAK RATE COLFICIENY OF VARIGUS GASES
AS A FUNCTION OF TEMPERATURE AT OMI ATZAQSPHERE DIFFERENTIAL PRESSURE

FIG. I1.%
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Where Q = Lcuk rate
Equaten: Q ==Q 2 2\_== Diffusion rote cocfficient
2 ! ]\“ Q' = Known leak rate of test gas at ¢ knovir temperature
' Q2 == Leak rate is to be calculated for any
tempercivre between 72°F and 165°F
DESICNENCG FOR VACUUM
For moderate femperaiure use and vacuum levels from slightly below
atmospheric pressure fo vacuums opproaching 1 X 1077 torr, special precau-
tions in ihe Cask-O-Seal design arc seldom necessary. If a stundard cataleg
item scal will fit tf\e application, it may be ordcred “oft the shell” unless it
is extremely important to reduce fhe leakage to the lowest possible rate.
Usually, the very slight Gusk-O-Seal leckage ex )e.nc.nced on these rod-
Y y =i g |
eraie vacuum applications is nol objectionable.
In the “high vacuum’ range, from 1 X 107% forr, to levels close to 1 X
107% torr, smedial munfasturing tochnigies must be employed 1o assure an
‘ accepiably low leak rate. Be sure nhmeforc., Hlm Parker Seal is notified of

the vacuum level for applications in ihis range. Yhere will be an exira charge
for this special handling and additional delivery fime should Le allowed.
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LEAK DETECTION HINTS

1. MAKE certain that your lcak detector is peaked on
helium before attempting to leak check an object. (See your
0&M Manual for instructions.)

2. NEVER use the leak detector to cvacuate an external
system. Rough out the space between the system and the
leak detector with an external roughing pump before opening
the throttle valve,

3. REMEMBER to always recalibrate your leak detector if
you change the position of the pumping speed control valve.

4. ALWAYS remember to shield a helium pressurized
object from drafts and breczes when probing.

5. If you are operating ‘“around the clock™ and the leak
detector is not in an air conditioned room, it is advisable to
calibrate the instrument at least 3 times a day, applying the
temperature correction listed on the label of the standard
leak cach time.

6. When fabricating an external leak test system, make sure
that all external lines are as short as possible, and are of as

TABLE OF LEAK RATE CONVERSION FACTORS

large a diameter as possible. Remember that small long linet
increase pump down time, limit the degree of vacuum
obtainable, and increase response and clean up time.

7. ALWAYS tighten flanges evenly! Uneven tightening of ¢
flange will distor( the gasket or O ring thereby encourain
lcakage.

8. When pressure leak testing a large object such as pipe
line and tank fittings, a sheet of pliofilm or vinyl tapcc
looscly around the fitting will provide a retaining medium fos
the helium during the test.

9. ALWAYS TREAT YOUR MAGNET CAREFULLY. If
the magnet is damaged, its ficld strength may bLe changed
thereby altering the sensitivity of your leak detector.

10. After reassembly and re-adjustment following a mainte-
nance tear-down and cleaning, use your lcak detector to leak
check itself for leaks.

11. FOR LONG, TROUBLE-FREE instrument life, SET UP
and FOLLOW a regular program of MAINTENANCE AND
SERVICE; a maintenance log will pay for itself many times
over.

TO CONVERT TO MULTIPLY COLUMN 1BY
atm cc/sec micron liters/sec 7.60 X 102
micron cu ft/hr 9.66 X 104
Torr liters/sec 7.60 X 10°!
micron liters/sec atm cc/sec 1.32X 103
micron cu ft/hr 1.27 X 102
Torr liters/sec 1.00 X 10°3
Torr liters/sec atm cc/sec 1.32
micron liters/sec 1.00 X 103
micron cu ft/hr 1.27 X 105
micron cu ft/hr atm cc/sec 1.04 X 105
micron liters/sec 7.87 X 103
Torr liters/sec 7.87 X 106

Example: Given: 0.1 micron cu ft/hr.
Find: number of Atm cc/sec
Solution: 0.1 X 1.04 X 10°5 = 1.04 X 100 Atm cc/sec

USEFUL FACTORS IN LEAK DETECTION WORK

1 atmosphere = 14.7 psia = 760 mm Hg = 7.6 X 105 microns
1 micron =1 X 100 meters of mercury = 1 X 103 mm i
1 Torr=1/760 of a standard atmosphere

1 milliTorr=1 X 10" Torr

1 microTorr = 1 X 10°6 Torr

1 cu ft = 28.320cc = 28.32 liters = 7.48 gallons.
lcuin=16.4 cc

Iliter =61.0 cu in = 0.0353 cu ft = 1.0567 U. S. quart
Secondsin | year = 31,563,000 = 3.16 X 107

Percentage of helium in air = 0.0004%

g

Partial pressure of helium in air at STP = 0.00304 mm llg = 3.04 microns
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