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I. INTRODUCTION

In the past, it has been found that hermetically sealing electronic com-
ponents to prevent the working parts from being exposed to environmental changes
enhanced reliab:lity and insured a longer operating life. To verify the quality
of the hermetic seals, electronic components were leék tested usually by eithér
the Radioacﬁive Gas (RAG) Method or the Helium Mass Spectrometer process (HMS).

For some time it had been observed in hermetic seal evaluation that the BRAG
method often appeared to lack correlation with the mofe commonly used HMS method.
It was plausible that a systematic difference might exist as a result of the
different properties of the different g;ses involved in the two testing methods.
The establishment of a realistic maximum acceptable leak rate limit was also of
interest not only to the user but also to the vendor of electronic components,

If the leak rate limit could be relaxed, the manufaéturer would have fewer re-
jected components during the leak rate inspection;and a substantial r§duction in
manufacturing costs could be realized.

The leak rate limit of 1078 atm. cc/sec. was apparently based upon manu-
facturing capabilities -and not upon the quality requirements of the device or
effects of contamination on quality requirements. This investigation was initiated
to determine a realistic maximum acceptable leak rate limit'and also a corxrelation,
if any, between the two leak detection methods.

The first phase of this work was to establish a critical leak rate limit

by choosing test components of three types: a crystal can relay, a half size



crystal can relay, énd a semi‘gcnﬁuctdr of case size TG-%} :Figures 1, 2, and 3
illustrate the component types. The semi conductors were not to be of the planar
passivated constructioa in order that contaminants would @aéé maximmm effect on
the internal conséruction of the devices. All coméonents passed scfeening re~
quirements to MSFC Spe01flcat10ns with the exceptlon of the seal "leakage requlre—
ments. These requirements- were relaxeé in créer .fo get the -required numbex of
leakers.

To have Sufflcxent numbers of components to support a statistical analy91s,
at leact two hundred components of - each type were gropesed These components were
hand picked by the manufacturer using, the HMS method so that a spectrum of leak
rates ranéing from 1074 to less than 10°2 atm. cc/see, wérg obtained. Components
were placed in groups according to leak rate values and ser£a1ized to fac?litate
individual data records. Components were then transported to Mississippi State
University at ambient temperatures in éeale@ c;ntainers ?ressurizéd to one sbsolute
atmosphere with nitrogen.

Upon receipt the components were tested using the RAG Metho& and the leak
rates again determined. At this point, the components were divided into two
groups: a control group to be-life Lested only and a test group to be exposed
to selected environmental conditions and then 1ife tested.

The environmé;tal exposure was intended to be as realistic as possible
qonsistent with the pracFice of transporting the assembled or essentially com-
pletely assembled space vehicle to Cape Kennedy, its subsequent residence at the
Cape, and later residence in a near vacuum condition,

The exposure consisted of salt fog spray and humidity concurrent with
variations in temperature over the range from room ambient to 150 F. The time
at each temperature was 12 hours at each level duriné each 24 hour period, and
a total testing time of 96 hours was selected. TFollowing the salt fog

2
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Figure 1. Full Size Relay

Figure 2. Half Size Relay

Figure 3. Transistor of 2N1613 Family




environment, the test components were placed in an altitude chamber capable of

absolute pressures corresponding to an altitude of at least 150,000 feet and
temperatures at least as low as -85 F. A total time of 14 days at altitude with
the temperature remaining at -65 F for 12 hours and + 150 F for 12 hours of each
24 hour period were the selected environmental conditions. After the removal of -
the components from the altitude chamber, electrical testing was performed prior

to life testing.

The authors of this report assisted by undergraduate workers designed and
constructed life testers for the relays and the transistors. Life testing was
initiated after electrical test had been completed.

A correlation of leak rates based upon the mass spectrometer data and the
RAG data was begun, and conversion factors for converting rates determined by one
testing method to leak rates by the other were determined. It should be noted
that the HMS Method was used only once, and this test was performed at the vendor's

plant.




IT.

FINDINGS ANDP RECOMMENDATIONS

(a) Findings:’

1.

Over the entire leak rate range which was considered (2x10~9
to 2x107° atm cc/sec. based upon helium) neither the full size

crystal can relay (S2CP-6-54) nor the half size crystal can .~

'rélay (SZGP-7.25-73) exhibited any significant change in the

mean time to reach the seIecFed criteria to failure between the
test groups and the contrdlzgrOups., This indicated that the
céntaminants had not materiallyAaffected the relays in the test
groups. This was not tﬁ indicate, however, that grolonged ex-
posure to near vacuum conditions might ﬁot have an effect upon
relay life. It is also possible that the leaking relays may have
ceased to leak during the salt fog exposure thus blocking the
entry of contaminants.

The comparison of leak rates based upon the HﬁS method to those
based upon the RAG Method indicated that no single correlation
factox could be obtained. Instead, thkree separate correlation
factors were determined which depended upon the flow mechanism.

In no case was a one to one correspondence obtained.

The exposure of relays to a salt fog environment caused the build-
up of a conduction path between the relay pins and the relay

case causing an unacceptable low value of resistance between

the pins and the case. Case to pin resistances of lesg than

1000 megohms were observed. The conducting material was difficult
to remove; and, in some cases, the use of a small wire brush was

ineffective in removing it.



4. The half size crystal can relay, SZGP-?.ZS-}3, had a superiorh
life time to that -of the full size crystal can relay, SZGf-6—54.
The mean time to failure of the half size relays was almost -three
times as long as the mean time to failure of the full size rélays.
It was evident from the tests that were conducted tﬁét the hélf
size relay was superior to the full.size relay secured from ghe
same manufacturer. This may have been due to the challenge of
pro@ucing a reliable product of smaller size.

5. Ou£ efforts to obtain non-passivated transistors met with no
success. Passivated transistors of the 2N1613 family were ob-
tained which had failed the seal leakage test on a go-no-go basis.
When leak tested with the RAG- Method, the t?ansistors either did
not leak or leaked in a gross fashion. Therefore no further
correlation was attempted bet&een the two leak detection methods
by using the transistors. Also, the transistor leads weakened
and broke after exposure to the salt fog enivronment.____

6. Two unique life testers were designed for use in life testing re-
lays and transistors. Both testers functioned well during the life
testing procedures. It should be mentioned that these testers
caused the componemts to be subjected to more rigid conditions
than are usually encountered in life testing.

(b) Recommendations:

1. The selected envirommental exposure had a negligible effect on the
half size and full size relays other than to produce conduction
paths between the pins and the case. It is recommended that
leaking relays be life tested under extended vacuum conditions

to determine if such conditions cuase any significant change

in useful life.



2. The corrélation factor between the RAG Method and the HMS
Method varied with the flow mechanisni. This.indicated that a
single RAG test Would_nof similtaneously reveal the absolute
Ieé% rate and the flow mechanism. If, however, the leak rate

. value were desired to an acc;ra;y within one order of magnitude
under uéual soak pressurés and soak times, then a single RAG
test could be accepted. In any event, it is recommended that
if only a single RAG test is to be made, then the assumption
should be made that the flow is molecular The calculated flow
Qate value will theﬁ be conservative.

The -direct feading HMS method devéioPEd-by the General Eleetrie
Coﬁpany for this project‘is éonsidered to be an exact method
for determining leak rates prior to final sealing, It should
be recognized, however that a final leak test must be made on

the sealed, completed product. It is understoad, of eovrse, fhat

a conversion factor from helium to air must be used or leik rate
limits must be specified in terms of the leakage of helium.

3. Since the buildup of conduction paths between the pins and the
case were observed, it 'is reegmmended that reléys in space
vehicles which may be exposed to a salt fog environment have
sample relays of the rype which were tested be removed after ex-
posure to such an eaviromment -and checked for case ro Pip re-
sistance of less than 1000 megohms.

4. ,The transistor leads weakened and broke after exposure to the
salt fog environment. It is recommended that a humidity test or
salt fog test be included as part of the lot sampling specifications

required in the qualification of transistor vendors.
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II1. FROCUREMENT OF COMPONENTS

(a) Procurement of Relays:

During the summer of 1965 a’representative of Mississippi State Uni-
versity went to the General Electric Coépany élant at Waynesboro, Virginia
to secure relays of types S2GP-6-54 and S26P~7.25-73. Two hundred and £ifty
relays of each type were to be h;nd picked so-tﬁaﬁ 50'wouid have leak rates"

in each of the following ranges:

LEAK RATE RANGE
Atm. ce/sec

10-8 or better
108 to 10-7

© 1077 to '10-6
1070 ¢ 10-5
1070 to 1074

The relays were to be taken from the normal production runs whenever possible

using the following general procedures:

1. Assembled relay, complete except for final seal port weld, was

leak tested by attachiné the relay to the mass spectrometer pump.
by a tube from the seal port. The relay was placed in a 100%
helium atmosphere, and the leak rate was measured.

2, Relays were serialized, the leak rate was recorded, and sorting
into leak rate categor;es was accomplishéd.

3. Relays were filled with 100% dry nitrogen, the seal port was
welded closed, and the_weld was soldered over. Seal port welding
was performed in a dry box containing 100% dry nitrogen.

4, Seal degradation by repeated welding stresses was performed
where necessary to obtain leaking components in certain leak
rate categories. This was acéomplished by using the electron beam

welder.



5. All relaye acceétéd from ££e véndor had ééssed electrical and
mgéhanical_screening tests given in appropria?e MSFé procurement
specificati&ns except Ehe geal leakage requi;eméﬁt.,

Q. Relays wé;é transported to State College,.ﬁis;issippi, by auto-

FS

mobile in seal metal containeré pressurized to 1 atmosphere of
. - . .
dry nitxcgen. '
After 4 period of 'six weéks, it became apparent that aﬁ,d@limited
amount of time would be required to securé the exact number of relays in each
. leak rate ;ategoryl Thus, the number of categéries was reéuced to 4, and the

numbex of relays selected in each category based only upon HMS testing was as

follows. oo
FULL SIZE CRYSTAL CAN 'RELAYS (SzGP76'54)

Leak Rate Range Number. of Relays
atm cc/sec ;-2 ___in Group
2%X10"% to 2 X 10-8 ‘ " 36
2 X108 to 2 x 1077 61
2 X 1077 to 2 X 1076 76
2 X 1076 to 2 X 10-5 65

HALF SIZE CRYSTAL CAN RELAYS (S2GP-7.25-73)

Leak Rate Range Nomber of Relays
atm cc/sec in Group

2 X109 to 2 ¥ 108 61

2 X 1078 to 2 X 1077 69

2X10°7 to 2 X 1076 64

2 X1076 to 2 X 10-5 &4

All other relay selection procedures outlined in our test program submitted
to MSFC wére followed as proposed.
It should be mentioned that the General Electric Company representatives
were exceptionally cooperative in the endeavor and made eve}y effort to
supply us with relays in accordance with our needs.

The General Electric Company also devised a new technique for HMS



testing. This was concerned with the method used to'pﬁoviée”a helium atmosphere
for the relays. Figure 4 illustrates how a rubber fihger cover was attacheé to
the base of the relav. A hole was cut in:the normally“ciose& end of the finger
covér, and & line f£rom the helium supply was inserted into the hole. TFigure

"5 shows how this was accomplished.

{b} Procurement cf Transistors:

The contract specified that 200 trangistors of a.gpecial type of
2¥1613 be procured for thie project. An average of 40 transistors were to be
obtained in each of five leak rate categories. In addition, the contract re-
quired: "These semiconductors must not‘be of a planar passivated construction
in order that contaminants will have maximum effect on the internal comstruction
of the device."

Several of the major semiconductor manufacturers were contacted in an
attempt to buy these special transistors. The information obtained from these .
attémpts led to the conclusion that no cne in semiconductor technology made the
_ 2N1613 except those of a planar passivated type of construction. Fipally, the
Texas Instrument Company agreed to furnish at no charge transistors of the
2N1613 family which had failed the leak prate test on a ée-nowgo basis. Thess
were rejected transistors that had not been checked for compliance with other
épecificatioas normally required for the 2N1613. “Thig contractor agreed to
accept the transistors for possible further use in the proposed life testing
program,’ If possible, the transistors would be categorized according to leak
rate after receipt from the Texas Instrument Company.

After the transistors were received, they were checked by the con-
tractor in a c¢ircuit similar to the one in the transistor 1ife tester. Those

which passed the tests in the three regions of active, cutoff, and saturation

10



were accepted. About 25% of those received failed this test. The majority
of these failures were attributed to variations among transistors of the

2N1613 family and were not, in most cases, due to an inferior product.

11



Figure 4. Relay Attached to Mass Spectrometer
with Finger Cover Installed.
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Figure 5.

Helium Line Providing Helium
Atmosphere For Leak Rate Determination.
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DESIGN AND CONSTRUCTION OF THE LIFE TESTERS
(a) Relay Tester:

The design of the relay tester was based upon a compromise between
manual and automatic operation in order that construction could be accomplished
at a minimum cost to the Government consistent with the time limitations for
testing required by the contract. The testing specifications were intended
to simulate operational conditions and to determine the expected life of a
relay while providing means for detecting and isolating the causes of failure.
A failure was defined as any significant change of electrical characteristics
which were monitored during the proposed tests.

The electrical characteristics to be monitqred during operational
cycling of the relays at 20 cycles per minutes were:

Miss
Weld
Bridge

. Contact Resistance
Insulation Resistance

v wNe -

In addition, prior to operational cycling and after the environmental ex-

posure, the following tests would be performed:

;1 Insulation resistance check
2% Electrical checks:
a. Operational and release voltages
b. Contact resistance
c. Direct current coil resistance or
current at 28 volts DC

These tests were also perfommed after 10,000, 110,000 210,000 and 310,000
operating cycles.

A complete description of the relay tester construction and operation

is given in M. E. Triplett's, "Design, Construction, and Testing of a Life
w (1)

Tester for Hermetically Sealed Electronic Crystal-Can Relays.




(b) Transiétor Tester;

Since there was no defined method of 1life tgstihg for—a transistor; a
methqd was chosen with the objective of accelépating the life test to reduce
the testing time. The tester was designed to operate each transistor through
a repeated three part cycle of approximately four minuteé duration per part.
The transistors were to be operated in the active region at rated dissipation,
in the saturation region, and in the cutoff region. At no time were any of
the ratings of the.traﬁsistor to be exceeded, and this particular sequence of
iife testing would—cyclé the junction temperature between the approximate limits
of room amfienf a;d 200 €. This temperature cycling should accelerate the 1life
testing.

Failure of a tramsistor during each phase was defined as followé:

1. Failure in the active reglon'was defined as a + 10%
change in the DC current gain or, equlvalently, a+ 2

volt change in Vee

2. Failure in the saturation region was defined as Vee
(Sat) 7 1.0 vbC,

3. Failure in the cutoff region was defined as Iebo 7 10 na.

The life tester Was‘designed to run continuously with tests for failure
to be performed periodically. Tests for failures could be performed as fre-
quently as desired although it was considered desirasle to perform tﬂe test
in each of the three regions at least once a week. For a complete description
of the transistor life tester see R. D. Guyton's "Operating Manual for the

Transistor Life Tester." (2)

15



v. RAG TESTING OF COMPONENTS

The RAG method has been used extensively to determine the leak rates
of hermetically sealed components for space applications. Under a previous
contract with the National Aeronautics and Space Administration a RAG system
was constructed at Mississippi State University. The only major difference
between the MSU unit and the commercially availablé unit was.a lack of auto-
mation. Each test conducted using the MSU unit was performed manually instead
of automatically. Figure 6 is a block diagram of the MSU unit which functioned
in the manner described below.

Components to be tested were placed in the activation tank which wds
then evacuated by the vacuum pumps. Valves were adjusted, and the radioactive
gas, Kr-8> and dry nitrogen from the storage tank, was transferted through the
compressor to the activation tank. The gas remained in the activation tank
for a preset soak time at a predetermined pressure and was‘then returned to
the storage tank. The activation tank was evacuated and flushed with air
s;veral times. Components were removed from the‘activation tank and placed
on a'l” x 1" Nal scintillation crystal. A determination of the contained
activity was accomplished by using a Nuclear Chicago Model 1620CS Count Rate
Meter. The count rate obtained in that fashion was proportional to the
activity of the residual radioactive gas remaining in the component. Reference
sources were prepared by pipetting a known amount of radioactive gas into a
component of the same type as those.under test for leak rate determination.

(a) RAG Testing of Relays
After receipt of the relays from the General Electric Company RAG
testing of the reiays was initiated. In an early phase of the testing, it was

observed that several of the relays in each leak rate range had ceased to leak.
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This occurred although the relays were transported to State College Mississippi
~in an atmosphere of dry nltrogen and stored in desicc¢ator jars when not being
_soaked in the RAG sﬁstem or being coun;ed with the scintillation counter. It
was apbarent that these relays could not-be useé for a correlation of leak
rates between the two testing methods since a eomparison of a reading of zero
er no reading with a fieite value yields eo cerreletien at all. Other re;ays
with very low leak rates on:the mass spectrometer would have required up to
100 hour soekiperiods.for a-detectable amount of.RAG‘gas-to be forced inte the
case at reasonable pressures. Thie was apparenﬁ‘even thouéh-a special shield

. \ .
was consprueted around the detector which reduced rhe background level to about
100 cpm. iherefore, only about forty-one pereent of the relays céu%d be tested
Wéich yielaed meaningful results. -Appendix Tables Bl and B2 tabulate the leak
retes from the RAG test along with the corresponding leak rates from ‘the HMS

St e

tests

ﬁach relay was soaked six times, twice at 'each of three soak PXessures.
Tee data was analyzed by the method of least squares as indicated in secrion
VIII of this xeport. Each value of leak rate was consiﬁered to be a meza value
of the six determinations, and the standard deviation for the mean value was
determined. The ratio of the leak rate by the RAG method to that by the HMS
pethod

R = q&/Q

was then determined and the standard deviation was calculated, This was zlso
considered to be a mean value. The grand mean of the means for each leak rate
regime was then calculated along with its standard deviation. A very good

correlation between the theoretical ratio for the molecular regime and the ex-

perimental ratio was obtained.
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(b) RAG testing of Transistor:

Since only one company agreed to furnish transisfors of the 2N1613
family and these wére to be those which had failed the leak test on a g0-no-go
basis, we planned to c;tegorize the transistors using the RAG system. Upon
receipt, however, it was determined that the transistors either leaked in a
gross fashion or not at all. Thus; no useful data could be obtained from RAG
testing the tranéistors.

(c) Radiation Safety Considerations:

Throughout the entire RAG testing of components none of the operators

of the RAG—system recelved greater than a small fraction of the radiation dose

allowed for radiation workers during any one week period.
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VI. SELECTED ENVIRONMENTAL EXPOSURE '

All components in, the test groups ﬁerexsubjected to the same environ-
mental exposure éith the exception of the altitude exposure of transistors.
Generally this consisted of two phases. The first of. these was exposure to
salt fog enviromment with yariations in teméerature.- '

_ The components were placed on test tube racks aﬁd positioned in. the
Industrial Filter and Pump Company, Type 411-2ACO, salt fog chamber so that'
the spray from the nozzle did not impinge directly onto the test - specimens. )
The 20% salt solution was made using technical grade sodium chloride and tap
water which contained less than 200 ppﬁ of dissolved solids. Salt fog spray
was continuous, and the temperature inside the cabinet was varied from room
ambient to 150F. The time at each temperature was 12 hours during each 24
hour period. Components were inspected omce daily to determine that corrosion
of any component was not excessive. The total testing time was 96 hours, after
which the test specimens were removed from the cabinet.

After removal of the specimens, each was washed with warﬁ water and air
dried. At this stage it was observed that the transistor leads were very weak
and some broke off where the lead enters the transistor header. Tbis had not
been observed during any of the daily inspections. It was apparent that the
salt had cheﬁically reacted with the lead materials. Since one or more leads
on most of the transistors was affected in this fashion, it was not possible
to initiate their life testing. Qualitative analysis of the lead materials
were made by the Mississippi State Chemical Laboratory. The results of the
analyses are given in Appendix C. The relays were affected by the spray in
quite a different fashion.

The use of warm water and air drying to remove residual salt from the
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relays was not effective. Bench tests of the electrical characteristics later
revealéq that all'test relays failed due to-low pins to case resistance. This‘
was got discovered, however; until the sPécimeqs were removed from the altitude
chamber.

Following‘the salt fog environment, the relays were.placed. in an altitude
chamber and this phase of exposure began. The chamber was maintained aé an
absolute pressure corresponding to 150,000 feet and a temperature of 150F for
12 hours and an absﬁluée préssure correspondiﬁg te 90,000 ﬁeet and a temperature
of -65F for 12 houés of each 24 hoﬁi period. Relays remained in the chamber

for 14 dafs. They were then removed, bench tested -electrically, cleaned with

PN R E—— - * - - - - - - .
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Vii. LIFE TESTING OF COMPONENTS

(a) Life testing of Full Size Relays:

Two hundred and forty-five S2GP-6-54 full size crystal can rélays
were electrically checked upon removal of tﬂé test group from the altitude
chamber. All relays in the test group failed these tests due to- Low pin
to case resistance. A close observation of the relays revealed a gray de~
posit between the ping and the case which apparently provided a conduction
path. Although the relayg had been cleaneﬁ with warm water and dried with
air before the fest, it was apparent that more rigorous cleaning procedures
would be required. A small wire brush was then used to remove the deposit.
Even then, some of the relays failed this part of the test. It was decided,
however, that as many relays as possible would be used in the determination
of the mean time to failure by operationally cycling the relays in the tester.

After the initial electrical checks were completed, two hundred and
forty relays were used in the tester for the start of operational testing.
An dnitial goal of 207% failures was set, at which time, the testing would
be terminated. It was later decided, however, since sufficient half size
relays were not ready for life testing when 207 of the full gize relays had
failed, that testing would be continued until 50% of the relays had failed.
Bench tests of electrical characteristics were repeated 'at 10,000 operating
cycles and each 100,000 operating cycles thereafter. Appendix Table Al is
a compilation of the bench test data for full size relays. It should be
noted that there were two and one-half times as many bench test failures in
the test group as in the control group due to low resistance between the pins
and the case. This may have been brought about by the residual deposit re-
maining after the salt fog test., Other failures occurred during operational

cyeling.
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Appendix Tables A3 through A6 and Figures Al throuéh A4 illustrate
the f;iluyes whi;h were detected during operation of the tester. The figures
represent a Weibull analysis (—ﬁl to éetermine the mean time to failure for A
rélays in two 1érge leak rate ranges. Leak rates were based upon the HMS.test
only.

It is apparent from these data that over the leak rate ranges considered
there were no significant diffe?ences in the mean times to failure for relays
;f one groupg as compéred to the other or between a test group and the
corresponding conééol group. This is further emphasized by Appendix Tables
Al through Al8 and Figures A9 through Al6 where the total leak rate range has
Eeen further subdivided. Table Al9 lists the causes of failure during
operational cycling and indicates that the predominant cause of failure was
an unacceptable high value of contact resistance.

(b) Life Testing of Half-Size Relays:

Two hundred and forty-two S2GP-7.25-73 half size crystal can relays
were electrically checked upon removal of the test group from the altitude
chamber. Again all relays were brushed to remove residual contamination from
the salt fog exposure. Initial and subsequent bench test results have been
tabulated in Appendix Table A-2 where again it was evident that failures at
these stages predominated in the test group. Life testing was iﬁitiated.

Appendix Tables A3 through A6 tabulate the cycles to failure of relays
in the test and control groups over two broad leak rate ranges. Figures A5
through A8 illustrate the Weibull analysis of the mean times to failures for
the half size relays. Again no significant‘variations between the mean times
to failure for relays in each group were observed. No further break down in-
to a greater number of gr;ups was attempted since only 20% of the relays had‘

failed after a considerable testing time. Appendix Table A20 lists the causes

23



of operational failures and clearly confirm. the predominant cause.as an in-

crease in contackt resistance beyond acceptable limits.

.

(a) Life Testing of Transistors:

One half of the transistors of the 2ZN1613 family were exposed to
selected environmental conditions prior to life testing. Buri%g their ge-
sidence in the salt fog chamber. they were examined daily to determine if
excessive corrosion was occurring. Only at the.end of the 96 houf exposure
period was the discovery made that one or more leads had corroded to the ex-
+ant that they broke off at the éoint of eptry into the header. It appeared
tha£ the salt had chemically reacted with the ieaés at the point and caused
them to weaken or break. Since most of the test group had one or more leads
so affected, it was decided not to run the life test part of the projeet as
originally contemplated as there were not enough transistors which had sur-
vived the envirommental test,

One hundred and six transistors were available from the contrel group,
and these were placed in the life tester to complete the checko;t of its
operating characteristics. Roughly one-third of these were placed in each of
the three groups of the life teséer so that the power supply woul@.have the
same load at a1l times during the life test,

The bias potentiometers were adjusted to set V,,  to approximately
20 volte for each transistor operating in the active region. The life tester
was operated continuously for 1000 hours. Each transistor was checked three
times per week during this period to determine if it had failed in eitﬂer %he
active, saturated, or cuﬁoff regions. - Four transistors apparently failed
during this 1000 hour test.

After 127 hours one transistor failed in the cutoff region as Icbo

greatly exceeded 10 na. It did not fail in the active or saturation regions
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for the remainder of the 1060 hour test. The second failure occurred after
248 hours and was the same type of failure during cutoff. This transistor
also did not fail in the other two regions for the -duration of the test. The
third apparent failure after 248 hours was in the active region, but an in-
vestigation showed that the transistor was not properly inserted into its
socket. Thr fourth apparent failure occurred after 1000 hours with a change
of V., of greater than two volts while in the active region. When this tran-
sistor was pﬁshed flush with its socket, the change in V.o Was less than 2
volts indicating:thatlit had not failed,

In Summafy, two failures occurred during the 1000 hour life test; and
both were increases in Ioho to values greater than 10 na. This 1000 hour test
gsimply proved the capabilities of the transistor liée tester and illustrated
its unique features.

The typical life tester approach is to operate each transistor at rated
values in the active region. Such a tester would not have detected either of
the failures detected by our transistor tester. This accentuates the ad-

vantage of testing each transistor in each of the three operating ranges.
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VIIT, RAG-HMS TEST CORRELATION

Standard leak rate is defined as that quantity of air measure in cm>

per sec at STP which will flow through an opening, one side of which is at
an absolute pressure of one atmosphere and the other side is at an absolute
pressure of zero. The leak rate equations, assuming molecular,slip, and

Poiseuille flows respectively, are then:

Q= (p; - Pp) (La)
Q=qY (P - P) + Q§ (23 - D), or (1b)
Q =qf (2% - ?]). : (1)

The volume which flows througha leak during a time "t'", if the

pressures on the two sides remain constant, is then:

V = Q§t (Py - Py, (22)
v=qfe 8y - B) +Qft (2 - BD), or  (2b)
V = Qgt (75 - PD), (2¢)

depending upon tﬁe leak regime which occurs.

By taking a single measurement with the RAG, one is unable to determine
the flow regime or the leak rate. - Repeated measurements at different pressures
will, however, yield some insight as to the proper flow mechanism and will algo
germit a determination of the leak rate. The same problem also exists while
'using the HMS test on a sealed component. This was recognized before the RAG
testing began; and, as a compromise between statistical accuracy and the time
available to perform RAG testing, it was decided to soak the relays twice at
each of three different pressures. Once these data were obtained, a least
squares analysis was performed to fit each of equations (2) to the data. The

normal equatioms for the least squares analysis were:

Qg = (T VP, - SV /SR - DE (3a)
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ZBV; -2V, - e X, -1)2-08 5 (#271) (py-1)=0 (3b)
' : 2
ZLPiVi - V3G S (2;-1) (P-1) - QLS (BF-1)"=0 (30)

Qg = (Zvp? -5V, /e T2 - 12 " (3e)

Equations 3 were used to determine;ﬂn leak rate and the flow mgchanism. Appendix-
Figures Bl, B2, and B3 are ekamplés of the least squares analysis for one relay '
in each flow region. .A‘computer program performed the least squares analysis
;nd calculated the standafd deviation for each léak rate determination. Appendix
Tables B1 and B2_iist the leak rates determined from RAG testing and by using the
HMS Method.

The leak rates listed in Appendix Tables Bl and B2 for the HMS deter-
minations were based upon the leakage of helium, not air. This was done since
helium was used as the gas being transported fhrough the relay cases., The in-
dicated leak rates were read directly from the mass spectrometer and were com-
parisons of the flow for the unknown leak rate to that Flow observed for a cal-
ibrated helium leak. The calibrated reference was claimed to be accurate to +
10%. For that reason, the mass spectrometer determination were assumed to have
a fractional standard deviation of + 10%. Oace the leak rates were determined
by both methods, a correlation was made.

To perform the coxrelation, relays were divided into the following three
categories:

(1} those exhibiting molecular flow,

(2) those exhibiting slip flow, and

(3) those exhibiting Poiseuille flow.
The ratios of the leak rates by the two method were calculated so that the
ratio, R, where

MS
R =0 / Qg
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was determined for each tested relay. Each value of R was Eﬁngidered to be

a mean value since several determinations were required to abtain'its value,
A grénd mean of R was then calculated for_relayg exhibiting each ﬁype of flow.
The results of theée calculations are tabulated below: '

.Table VIII-1. Ratio for Each Flow Regime

. e - Ratio
Flow i Full Size Relays Half Size Relays
Poiseuille - - 0.080 + 0.008 . . 0.070 + 0.011
S1lip . 0.234 + 0.033 " 0.466 + 0.180
Molecular : 0.313 + 0.025 ~0.328 + 0.035

The listed standard deviations are the standard deviations in the.

grand mean obtained by using the usual expression,

G2 = Z_(I_{ - Ri)z / aln - 1).
R = Grand mean
R

; = Individual determination of the mean

n = Number of data points in each caleculation of the
grand manner,

From theoretical considerations, the value of the ratio, R, assuming
molecular flow, is given by the square root of the ratio of the mﬁlécular
masses of the gases. For Helium and air this ratio is 0.37, in fairly goed
agreement with the values above which were determined experimentally.

If both the full size and half size relays are considered together in
the determination of the grand meanof the ratios, they are as given below in
Table VIII-2.

. Table VIII-2 Ratios for Each Flow Regime, All
Relays Considered Together.

Flow Ratios (R)

Poiseuille 0.075 + .007

Siip . 0.357 + .097
+ 021

Molecular 0.319
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IX, ANALYSIS OF THE LIFE TEST DATA

If a failure rate curve ié constructed which ;epresents the rate of
failure as a‘function of testing time for components undergoing life test,- it
is found that the total curve may be aivided into thrgé general parts. The
first of these parts may be called an early failure curve and represents the
period during which poorly manufactured items are weeded out. The second part,
which may or may not be characterized by a constant failure rate, may be con-
sidered as the period of useful 1life. A third part represents wearout failures,
The second part of the curve is éf primary interest in failure analysis for
in that area the early failures have bé@n eliminated and wearout has not
occurred, (%)

‘ If the failure rate during the second part is not a constant, the ex-
ponential failure model cannot be used; and a'moré gengral model must be applied
One of these models and thé one selected for‘the failure analysis of the re-
port is the Weibull Model in life testing. This model adequately describes the
failure rate if the failure rate varies with time. €4)

The instantaneocus failure rate may be expressed as

-1 B
B 1e"At for t70, A 70, 870

£(t) = AB:
The reliability function is then

R(t) = e-AtB;
and the failure rate is

Z(t) = ABcB-1l

The mean time to failure may be determined by evaluating the pafameters A and

B through a solution ofOO

/M = | tApeB-le~AtBg,

o]
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which yields
M ;_A'I/B_ M+ L.
The variance is given by ’ .
. - ‘ 2 . - - REE
U=A2m‘{-ﬂa+§1-qu+gﬂ-}.
An estimate of 4 and B may bé obtained by taking the logérithm twice

of the reliability function, R.(i), which gives

in In 1 =In A4+ B Iln t
R (t)

The right hand side is linear in In t; and, if we let

In t =%

il

and we estimate F(Ei) 1 - R(ti) by letting

F(t;) = (i-3)/n
and thus
In In 1 = 1in In. 1 ' =y,
R(L) 1-F(ts)

the equation becomes

y = In A+ Bx.

A least squares anaiysis of the data using this equation then yields
A and B. It is appareat that In A is the intercept of the curve and B is
the slope. ?he mean time to failure may then be calculated by usﬁng the ex- -
pression for/Pipreviously shown. ‘

The Weibull method %as used in these analyses by first applying the
method to the data given in Appendix Tables A3 through A6 and A7 through AlQ.
It was evident at that point that early failures must be recognized and dis-
carded from the analysis. Appendix Figures Al through A8 illustrate the final
Weibull Analysis for two broad leak rate ranges for each relay type. Appendix

Tables All through Al8 further subdivide the full size relay failures into
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four leak rate ranges, and Appendix Figures A9 through Al6 represent the
Weibull analysis for these same leak rate ranges.

It was evident upon completion bf the Weibull anglysis that the ex-
posure of the relays to the salt fog and altitude envirooments did nét change
the mean time to failure significantly. From these data it appeared that
over the leak rate ranges under consideration the selected environmental ex-

posure had a negligible effect.
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X. . RESULTS

. Two types of relays were life tested Wlth the objectlve of determlnlng

a critical leak Tate 1limit. Dafflcultles in securing relays in suffzc;eut

quantities to span the desired leak rate range of 10~% to 107% atm ce/sec.

caused the range to be sllghtly changed from the desired span to one en-

cmmpa551ng 2 ¥107% to 2 x 107 5 atm. cc/sac. These ranges were based only

upon the flow of helium usmng the HMS method., Life tesﬁing'reveagéd the

following:

1.

Over the entire leak rate range under consideration th; £ull

gize crystal can relays of type S2G?-§55& and the half size
crystal can relays of type §2GP-7.25-73 exhibited‘nc siggificant
change in their mean times to failure regardless of our selected
envirvonmental exposure. This would tené to indicate that the
present leak rate limit ma? be toc restrxictive. On thé other hand,
life testing was not carried out in a near vacuum conditéon‘as
could be experienced by a component during a long space fliéht.
The results of these life tests then indicated that no significant
contamination entered the relavs vhich were tested;-aaﬁ, thus, the
exposure of the relays to contamination had a negligible effect oo
relay 1ife..

The two typzs of relays had significantly different mean times

to failure. Yable X-1 is a tabulation of the mean fimes to

failure of each type of relay with the leak rate range divided

into two broad categories,
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TABLE X-1 Mean Times of Failure

Relay Types Group Leak Rate Range Mean Time (cycles)
Full Size (S2GP-6-54) ' (atm cc/sec.) to Failure
Test 2x10~7 to 2x10-° 162,085 + 13,488
Control  2x1077 to 2x1073 ° 155,712 + 11,476
Test 2x10~7 : 157,461 F 11,703
: , Gontrol 2x1077 165,110 ¥ 16,575
Half Size(S2GP-7.25-73) Test - 2x107° to.2x10-3 . 434,116 + 97,200
Control  2x10-8 to 2x10-5 392,063 + 25,131
Test . 2x10-8 373,208 + 62,461
Control 2x1078 557,239 ¥178,064

From these data, the mean time to failufe of the half size relays is
significantly greater than for the full size relays, thus leading to.
the conclusion that the half size relay is superior im reliability to
the full size relay. ‘

3. The éreddminant cause of failure of relays was high contact re-
sistance.

4. A salt fog environment may cause failure of a relay becau;e of a build
up of conduction paths between the ﬁins and the case. The conduction
paths are difficult to remove and reduce the case tu pins resistance to
loyer than acceptable limits.

Leak testing by the two methods gave correlation factors which relate leak rates
determined by the HMS method to leak rates determined by the RAé method. These
are shown below for the various flow regimes.

TABLE X-2. Ratio of Leak Rates (R = QIS‘/QDS'IS)

Flow Full Size Relays Half Size Relays
Poiseuille 0.080 + 0.008 0.070 + 0.011
Slip 0.234 + 0.033 0.466 + 0.180
Molecular 0.313 + + 0.035

0.025 0 328
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To illustréte-the éorfelatimn obtéined by the two,meﬁhods, Appendix‘T;bles
Dl and D2 were preparved. Listeé‘the;; are the leak vates by RAG.testing -in one
coluﬁn followed by another column confaining the-leak rates by the.ﬂMS method
which have been-multiplied.by the‘éxperimentgl}y)determined leak rate ratios,
R. It is gpparent\from these data.that the correlation in most cases was very
good., - ' '

It sgculé‘be empﬁasized"éhét é single RAG test will yiélé thé true leak
rate only if 'the flow is moleculéx in cﬁaéacter and only if‘the molecular fléﬁ
eauation is utilized, If the flow is not_mblecﬁlar,‘and this. is possible; a
single RAG éest will not give the true ;eak-rate.‘ Only by repetitive testing
at different pressures can the leak rate be determiné@ accurately, If, however,
the leak rate is desired to within an oider of magnifude; a single RAG test
nay be performed-if the molecular flow mechanism is assumed,

The failure of transistors because of leak weakening and breaking when.
exposed to a salt fog enviromment suggests the desirability of requiring either
a ﬁumidity test or salt fog test as part of the lot sdmpling specifications re-
quired in the qualification of vendors. It is recognized, howe;er, that if
conformal coating is used, then humidity and salt fog envireamenté will probsbly
not affect a transistor so encased, '

Two unique life testers were designed and constructed for this-grcject.“
‘Each subjected the test components ‘To severe operating conditions not usually

found in comparable life testers.
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APPENDIX A

LIFE TEST RESULTS FOR RELAYS

36



"Table Al. Pull Size Relays Which Failed Due to Low Resistance
Between Pins and Case (Bench Test)

Relay Initial Failure TFailuve After TFailure After Failure After

No. 10.000 Cycles 110,222 Cycles 180,000 Cycles

239
106
163

63
185

38
135
211
117
272
259
204
185
170

99
135
152

a5

60
229

X
x

e Rt Rt RzReRsRe RNt RoRtRe R R Re Rt R R e
WoM oW oW

267
158
115
286
118
61
i1l
75
71
188
233
100
54
178
217
265
65
83
230
263
46
123
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Table AL , (Con't.)

Relay Initial Failure Failure After Failure After Fallure After

No. 10,000 Cycles 110,222 Cycles 180,000 Cycles

218 7T b4
73 .
262
284
165
11
40
280
19
288
234
18
258
248
62’
145
76
222
207
154
146
82
138
290
53
104
177
80 T X

X

MK MMKN

FHEAEAAASEAEEE R3] W e e s E e e e
b
]

Totals:
o 5 . 6 1 8
T is 24 g 11

TOTAL 20 30 1 19

T = Test Group; C = Control Group.
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Table A2 . Half Size Relays Which Pailed Due to Low Resistance
) Between Pins and Case (Bench Test)

Relay Initial faiiure After Failure After Failure After Failuve After
No, Failure 10,000 Cycles 110,000 Cycles 210,000 Cycles 310,000 Cycles

75
162
11s

15

53
138
234
250
178
146
150

46
315
104

X

18

103

Mod oW oMM MMM NN ON N

HEMEAEAEAE AR

52
172
138
189
299

30

s

[ B BN I B e B
w

Totals:
T 12 0 1
g 3 2

TOTALS 15 2 1 2 3

Total Relays bench tested were 240.
I = Test Group; C = Control Group
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Table A3. Fuyll Size Relays with Leak Rates in the Ramge 2 X 1077 to
2 X 1073 cc/sec, Times te Failure of Test Group. -

Relay Ko, Cycles to FPailure Relay No. Cvcles to Failure
287 36,403 33 118,759
T 46 59,512 223 119,204
230 61,508 . 189 . 120,232
102 67,553 37 125,330

89 82,406 1 140,059
290 82,686 138 141,852
158 88,573 . 217 -143,060
128 21,883 178 ] 143,725
262 94,435 7 ; 146,447,

94 98,974 . 12 . 145,509
215 100,333 62 149,961
238 103,040 104 133,536
276 : 105,875 143 153, 03Y
207 108,743 43 172,699
223 112,714 226 173,002
224 - 116,209 222 173,315

Relé;s 278 and 46 were considered to be early fallures.
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Fig.Al. Test Group With Leak Rates In The Range 2 x 10~/

to 2 x 1079 cc/sec.
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Table A4 . Full Size Relays With Leak Rates in the Range 2 X 10~7 to
2 X 10°3 ce/sec. Times to Failure of Control Group.

Relay No. Cycles to Failure Relay No. Cycles to Failure
103 41,443 23 127,972
281 47,617 ’ 105 131,791
185 73,986 ‘ 74 134,764
235 81,559 192 135,287

20 83,345 208 ) 136,394
166 87,585 63 138,202
170 : 89,349 175 144,074
231 92,748 260 148,861
121 99,362 © 130 151,828
209 100,838 86 161,065
164 102,338 239 163,275
149 102,902 237 164,925
199 111,948 9 166,309

32 114,204 90 167,084
241 117,645 282 172,091

64 118,344 108 176,549
202 . .118,483 126 178,060

15 127,720

Relays 103 and 281 were considered to be early failures.
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Full Size Relays
Group Size: 35
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Fig.AZ. Control Gr&up With Leak Rates In The Range 2 % iﬁf?
to 2 x 1073 cefssc,
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Table A5. Full Size Relays with Leak Rates Less than 2 X, 10-1 ce/sec.
Times to Failure of Test Group.

. ‘ i .
Relay No. .__Cycles to Failure Relay No, Cycles to Failure

141 38,489 o 258 117,636
80 56,490 T172 . 119,377 °
279 61,110 = - 65 - 121,617
265 75,950 253 ) 122,539
54 83,550 T 165 125,329
40 90,740 - . 61 ‘127,107
267 92,740 .. - . 19 :131,383
248 96,905 154 _ 132,209
67 97,625 2 ’ 132,725
234 . 102,565 167 ‘146,606
284 110,471 . 203 163,368
295 113,476 245 163,817
288 116,686 100 176,543
191 116,944 110 177,232

Relays 141 and 80 were considered to be early failures.
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Fig.A3, Test Group With Leak Rates Less Than 2 x 10~/ cc/sec.
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Table A6. Full Size Relays With Leak Rates Less than 2 X 10 -7 cc/sec,
Times to Failure of Control Group,

Relay No. _.Cycles to Failure Relay No. - Cycles to Failure
174. 36,030 72 116,482
257 38,788 . ) 274 - 117,393
270 45,743 . " 55 118,006

99 49,598 50 122,904
232 - 37,518 ' 135 128,507
159 57,524 . 228 128,929

58 . 62,780 4 . 144,050
289 65,832 268 147,022

36 69,679 .. 275 147,451
247 87,042 - 152 149,197
283 88,587 173 152,114
251 97,559 , 261 173,770

44 100,277 o 95 179,296 .
243 110,492 '

Relays 174, 257, 270, 99, 232, and 1592 were considered to be ‘early
failures, .
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Table A7. Half Size Relays with Leak Rates in the Range 2 X 10~8
to 2 X 1073 cc/sec. Times to Failure of Test Group.

Relay No. Cycles to Failure
76 10,016
77 26,427
314 35,318
209 53,312
152 190,530
61 227,323
162 ., 231,043
160 . - 239,845
114 245,181 |
38 290,899
44 299,070
35 ) 310,377
278 311,352
49 321,192
222 321,671
244 322,169
103 335,392
Relays 76, 77, 314, and 209 were considered to be early
fallures.
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to 2 x 1072

cc/sec.
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Table A8. Half Size Relays With Leak Rates in‘the‘Range.Z X 10°8 to
2 X 1077, Times to Failure of the Control Group.

Relay No. Cycles to Failure
126 10,000
136 : 10, 000
184 13,437
317 © 32,675
62 - i 118,742
171 323,459
179 . 329,298

52 332,426
41 338,602
20 " 355,557

Relays 126; 136, 184, 317, and 62 were considered to be
early failures.
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Fig.A6. Control Graup With Leak Rates In The Range

2 x 10-8

to 2 x 10~3 ec/sec.
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Table A9. Half Si'ze Relays With Leak Rates Less Than 2 X 1078 c¢/sec.
’ Times to Failure of the Test Group,

Relay No. Cycles to F
197 102,739

16 103,010
23 ] 223,375
216 . 254,978
115 275,549
71 311,085
208 - 314,240
144 321,144
132 326,792
187 332,434
90 332,548
X 335,579

Relays 197 and 16 were considered to be early failures.
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Fig. A7.

Test Group With Leak Rates Less Than 2 x 10°% cc/sec.
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Table Al0. Half Size Relays With Leak Rates Less .Than 2 X 10 -8 cc/sec.
T Times to Failure of the Control Group.

Relay No, Cycles to Failure
189 10,102
270 11,362
165 . 59,289
196 . 213,577
158 218,379
66 - 312,379
22 B 323,485
214 350,636
Relays 189, 270, and 165 were considered to be early
failures,
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Fig. A8. Control Group With Leak Rates Less Than 2 x lO_8 cc/fsec,
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Table All. Full Size Relays With Leak Rates Between 2 X 10”9 ce/sec,
. and 2 X 108 cc/sec. .
Times to Failure of the Test Group.

Relay No. Cycles to Failure
279 : 61,110
172 : 119,377
65 121,617
165 125,329
19 131,383

Relé;7279 was considered to be an early failure.
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Fig. A9. Test Group With Leak Rates From 2 x 10”7 cc/sec.
to 2 x 1078 cc/sec.
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Table Al2, Full Size Relays With Lgék Rates Between 2 X 109 cc/sec. and
2 X 1078 cé/sec. Times to Fallure of the Control Group.

Relay No. - Cycles to Failure
257 38,788
232 57.518
58 , 62,780
36 69,679
247 87,042
44 100,277
35 118,006

95 179,296 -

Relays 257 and 232 were considered to be early failures,
Relays 95 was arbitrarily omitted due to inconsistency
with other data.
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Fig. A10. Control Group With Leak Rates From 2 x 10™° cc/sec.
to 2 x 1078 cc/sec.
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Table Al3. Full. Size Relays. With Leak Rates Between 2 X 108 cc/sec.
and 2 X 197 cc/seér Timewtsy Fallure of the Test Group.

Relay No. Cycles to Failur

141 . 38,489 )
54 . -83,550
40 ' . 90,740
267 92,740
248 , 96,905
67 © 97,625
234 102,565
284 110,471
295 . 113,476
288 116,686
191 116,944
258 ) 117,636
61 : 127,107
154 . 132,209
2 132,725
167 ‘ 146,606
203 163,368
245 163,817
110 177,232

Relay 141 was considered to be an early failure.
Relay 203, 245, and 110 were arbitrarily omitted due
to inconsistency with other data.
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Fig.All. Test Group With Leak Rates From 2 x 10~% cc/sec.
to 2 x 107 cc/sec.
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Table Al4. Full Size Relays With Leak Rates Between 2 X 10°8 cc/sec.
and 2 X 10~7 cc/sec. Times to Failure of the Control

Group
gggay No. Cycles to Failure
174 | ) 36,030
270 45,743
159 ) 57,524
283 88,587
251 97,559
243 110,492
274 A . 111,393
50 . 122,539
135 128,507
228 128,929
4 . 144,050
268 147,022
275 147,451
152 149,197
227 166,899
261 173,770

Relays 174, 270, and 159 were considered to be early failures.
Relays 227 and 261 were arbitrarily omitted due to inconsistency
with other data.
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to 2 x 1077

ce/sec,
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Table Al5. Full Size Relays With Leak Rates Between 2 X 10-7 ce/sec.
"and 2 X 1070 cc/sec. Times to Failure of the Test Group

Relay No, Cycles to Failure
278 36,403
230 . 61,506
102 . 67,553
290 82,686
262 94,455

94 98,974
215 ) : 100,333
238 103,040
276 105,875
207 ’ 108,743
221 T 112,714

53 118,759
189 120,232
217 143,060

7 : 146,441

11 146,609

62 149,961
226 173,002

Relay 278 was considered to be an early failure,
Relay 226 was arbitrarily omitted due to inconsistency
with other data.
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Fig.Al3. Test Group With Leak Rates From 2 x 10-7 cc/sec.

to 2 x 1076 cc/sec,
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Table Al6. Full Size Relays With Leak Rates Between 2 X 10~/ cc/sec.
and 2 X 1076 cc/sec, Times to Failure of the Coatrol

Grou.p .

Relay No. Cycles .to Failure
103 41,443
281 47,617

. 185 ' - 73,986
235. 81,559
166 87,585
231 92,748
121 99,362
164 102,338
199 111,948

32 114,204
241 117,645
64 118,344
202 118,483
15 127,720
23 127,972
105 131,791
192 135,287
208 136,394
175 144,074
260 148,861
239 163,275
237 164,925
9 166,309
282 172,091

Relays 103 and 281 were considered to be early failures.
Relays 239, 237, 9, and 282 were arbitrarily omitted due
to inconsistency with other data.
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Fig.Al4. Control Group With Leak Rates From 2 x 10-7/ cc/sec.

to 2 x 10-6 cc/sec.
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Table Al7. Full Size Relays With Leak Rates Between 2 X 10-6 cc/sec.
and 2 X 1077 cc/sec. Times To Failure of the Test Group.

Relay No. ) Cycles to Failure
46 : 59,512
89 82,406

158 88,573
118 91,883
71 110,593
224 116,209
223 119,204
37 125,330
111 130,537
1 140,059
178 143,725
133 144,415
143 153,037
43 . 172,699
222 : 173,115

Relay 46 was considered to be an early:failure.
Relay 43 and 222 were arbitrarily omitted due to .
inconsistency with other data.
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Table A18. Full Size Relay With Leak Rates Between 2 X 10=6 cc/sec.

and 2 X 10-5 ce/sec. Times to Failure of the Control

Group.
Relay No. - Cycles to Failure
20 83,345
170 89,349
209 100,838
149 102,902
39 132,118
74 134,764
63 138,202
130 151,828
90 167,084
150 172,374
124 175,081
108 176,549

Relay 90, 150, ‘124, and 108 were arbitrarily omitted

due to inconsistency with other data,
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_Table A19. Full Size Relays Which Failed and Causes of Failure.

Cause of Failure

Relay Cycles to Failure Miss Weld or Arc to Contact Resistance
No. Bridge - Case
174 36,030 x
278 36,403 X
141 © 38,489 pid
257 - 38,788 X
103 41,443 X
270 45,743 X
281 47,617 X
99. 49,598 X
80 56,490 X
232 57,518 X
159 57,524 X
232% 59,422 X
. 46 59,512 x
279 61,110 X
230 ) 61,506 pis
58 62,780 pd
289 65,832 X
102 67,553 X
36 69,679 x
185 73,986 X
265 75,950 X
235 81,559 x
89 82,406 X
290 82,686 x
20 83,345 x
54 83,550 X
289% 84,634 X
247 87,042 X
166 87,585 X
159% 87,826 X
158 88,573 X
283- 88,587 X
170 89,349 X
40 . 90,740 X
118 91,883 %
267 92,740 X
231 92,748 X
262 94,455 x
248 96,905 X
251 97,559 X
67 97,625 X
94 98,974 X
121 99,362 X
44 100,277 X
215 100,333 pid
209 100,839 pS
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Table Al9. (Con't,)
) Cause '¢ff Failure

Relay Cycles to Fallure Miss Weld or Arc to Contact Resistance
No. '! . Bridge Case
164 102,338 x
234 102,565 X
149 1p2,902 X
238 103,040 X
276 105,875 - X
207 108,743 X
284 110,4%1 x
243 110,492 . X
71 110,593 x
-199 111,948 b
144 112,001 x
232% 112,533 ) X
215% 112,665 X
221 . 112,714 x
295 113,476 X
32 114,204 p 3
224 116,209 x
72 116,482 x
288 116,686 x
191 116,944 p3
274 117,393 x
258 117,686 X
241 117,645 X
55 118,006 X
64 118,344 X
202 118,483 x
53 118,759 X
223 119,204 X
172 119,377 X
189 120,232 X
4e* 120,234 X
65 121,617 X
253 122,539 X
50 122,904 b3
165 125,329 X
37 123,330 x
61 127,107 X
15 127,740 X
23 1275972 X
135 128,507 X
135% 128,747 b3
228 128,929 . X
284 129,937 X
111 130,537 x
103 130,716 x
19 131,138 pS
105 131,791 x
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Table AL9. (Con't.)
Cause of Failure

Relay Cycles to Fallure Migss Weld or Arxc to Contact Resistance
No. Bridpe Case
39 132,118 ®
154 132,209 x
2 132,725 %
164% 133,838 %
74 134,764 7
192 135,287 x
283% 135,905 ‘x
284% 136,394 "X
208 138,073 b:d
63 138,202 bl
290% 139,943 ®
.1 140,039 x
ag* 141,767 *
138 141,852 X
54 ) 141,997 X
L0% 142,849 pd
217 143,060 ®
286 143,128 P
178 143,725 x
4 144,050 %
175 144,074 x
103% 144,073 X
133 144,415 %
7 146,441 ®
167 146,606 %
110 146,609 bs
268 147,022 X
275 147,451 X
260 148,851 x
152 149,197 pn
82 149;96% x
278 15,986 X
104 151,838 ®
130 151,828 %
173 152,114 x
143 153,037 x
80% 155,981 <
170% 155,976 %
53% 156,632 x
86 161,065 ®
239 163,275 X
203 163,368 x
165% 163,534 <
245 163,817 ®
158% 164,814 %
237 164,925 X
9 166,309 x
227 166,899 x®
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Table Al9. (Con't.) .
) Cause of Failure

Relay Cycle to Failure Miss Weld'or Arc to Contact Resistance
No. . Bridge Case

20 167,084 X
111% 169,218 X
256 171,026 x
267% 171,123 x
282 172,001 x

9% - 172,270 X

150 172,374 %

43 172,699 X
226 173,002 X
222 173,115 x
261 173,770 x
124 175,081 x
100 176,543
108 176,549 %
110% 177,232 %
100%* 177,232 X. X
126 178,060 %

71% 178,548 x
175% 179,108 X
288 179,121 x
‘95 - 179,296 x
Totals (Failures for -4 74 128

the first time)

* Relay previously failed and turned over to use new set of contacts
failed again.
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Table A20. Half Size Relays Which Failed and Causes of Failure

Cause of Failure
Relay Cycles to Failure Miss Weld or Arc to Contact Resistance

No. Bridge . Case
126 - 10,000 X
136 - 10,000 X
76 © - 10,016 X
189 - 10,102 X
270 11,362 : X
184 13,437 X .
77 26,427 ) X
317 32,675 X
314 35,318 X
209 53,312 X
165 59,289 . -X
254 62,600 X
197 102,739 X
16 103,010 X
197% 103,737 X
136% 110,050 X
62 118,742 X
165% 119,111 X
152 190,530 X
196 213,577 X
158 218,379 X
23 223,375 X
61 227,323 X
162 231,043 X
160 239,845 X
114 245,181 X
216 254,978 X
115 275,549 X
38 290,899 X
. 44 299,070 X
35 310,377 X
71 311,085 X )
278 311,352 X
66 312,379 X
208 314,240 X
144 321,144 X
49 321,192 X
222 321,671 X
66% 321,899 X
244 322,169 X
171 323,459 X
S22 323,485 X
132 326,792 X
179 329,298 X
126% 331,292 X
52 332,426 X

187 332,434 X
‘ 76 :



Table A20, (Con't.)
: Cause of Failure

Relay Cycles to Failure Miss Weld or Arc to Contact Resistance

No

. Bridge Case

52 . 332,436 X :

90 332,548 X
103 335,392 X

X 335,579 X
41 338,602 X
214 350,636 X
20 " 355,557 X
Totals (Failures for 6 3 S | 38

the first time)

*Relay previously failed and turned over to use new set of contacts
failed again, ’ .
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APPENDIX B

RAG-HMS RESULTS
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Table Bl RAG and HMS Leak Rates for-Full-S8ize Relays
Relay Flow Qg(atm.cc/sec) Qbsis(atm.cc/sec) R=Q§/Q§Si qg.
No. (_RAC ) NS -
1 M (8.36 + 0.21)x10-7 3.80 x 10-6 .220 + .103
2° M (3.60 + 0.29)x10-8 7.80 x 10-8 462 + 129
4. 4.10 x 10-8
7 M (2.39 + 0.11)x10-7 8.50 x 10-7 .282 + .110
8 C 2.50 x 10-8 ’
9 : 4.20 x 10-7
11 M (4.45 + 0.26)x10-8 2.06 x 10-7 216 + .116
12 ‘ . 5.50 x 10-9 -
4 M (4.21 + 0.26)x10-8 1.30 x 10-7 .324 + 118
15 M (9.60 + 1.07)x10-8 9.20 x 10-7 .104 + . 149
17 4,00 x 10-9
18 3.00 x 10-8
T 19 ~ 1.55 x 10-8
20 S (8.90 + 0.34)x10-7 5.60 x 10-6 159 + .107
21 P (8.19 + 0.08)x10-7 9.80 x 10-6 084 + .101.
22 3.10 x 10-8
23 P (6.69 + 0.43)x10-8 1.20 x 10-6 .056 + .119
26 6.90 x 10-8 ‘
27 S (9.38 + 0.34)x10-7 '1.06 x 10-5 .088 + .106
29 7.30 x 10-9
31 4,00 x 10-8
32 M (1.12 + 0.11)x10-8  6.50 x 10-7 .172 + .138
33 : 5.50 x 10-9 '
34 1.70 x 10-6
35 1.10 x 10-8
36 9.50 x 10-9
37 S (3.03 + 0.22)x10-7 2.03 x 10-6 .149 + .123
38 M (6.95 + 0.21)x10-7 4,00 x 10-6 .174 + ,105
39 s (1.63 + .003)x10-6 1.26 x 10-5 .129 + .102
40 1.01 x 10-7
41 1.40 x 10-7
42 1.65 x 10-8
43 M (1.97 + 0.03)x10-6 7.00 x 10-6 .281 + ,102
b4 4,57 x 10+7
46 - M (5.50 + 0.21)x10-7 2.30 x 10-6 .239 + ,107
47 P (1.05 + 0.01)x10-6 1.60 x 105 .095 + .100
48 M (1.42 + 0.34)x10-8 1.70 x 10-7 .083 + .262
50 ‘ 5.10 x 10-8
51 7.00 x 10-9
53 5.50 x 10-7
54 2.70 x 10-8
55 1.95 x 10-8
56 P (1.15 + 0.01)x10-6 1.30 x 10-5 .089 + .100
57 3.50 x 10-9
58 2,10 x 10-9
60 2,20 x 10-8
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Table "Bl . (Con't:)

Relay Flow Q}‘;(atm.cc/sec) Q]:\:S (atm.cc/sec) R"“'QIS}/QES?. a
No. . (RAG) - -(HMS) :
61 -+ 1,25 % 10-7 ‘
62 . P (3.46 + 0.21)x10-8 9.80 x 10-7 .035+ ,118
63 8 (1.72 £ 0.04)x10-6  6.00 x 10-6 .286 + ,103
64 8 (2.29 + 2.17)x10-8 1.10 x 10-6 .021 + .953
65 4.00 x 10-9
66 5.50 x 10-9
67 : : 2.65 x 10-8
68 - 1.45 x 10-8
69 M (3.06 + 0.04)x10-6 6.60 x 10-6 464 + 101
70 M (5.80 + 0.26)x10-8  1.40 x 10-7 414 4+ 110
71 P (1.16 + 0.01)x10-6 1.20 x 10-5 .096 + .100
72 : 1.40 x 10-9
73 ‘ 1.65 x 10-8
74 S (8.59 + 0.34)x10-7 5.50 x 10-6 .156 + 107
75 : 2.90 x'10-8 ,
76 M (5.69 + 0.21)x10-7 -1.72 x 10-6 .331 + .107
77 - 2.00 x 10-5
79 5.60 x 10-5
80 -
82 S (1.67 + 0.03)x10-6 1.10 x 10-5 .152 4+ .102
83 2.80 x 10-8
85 1.98 x 10-5
86 6.90 x 10-5
87 2.00 x 10-5
88 4.40 % 10-5
89 M (4.21 + 0.21)x10-7  4.40 x 10~6 .096 + .112
90 M (2.80 + 0.21)x10-7 3,00 x 10~6 .093 + .126
91 ™ (6.98 + 0.26)x10-8  2.70 x 10-7 .258 + .107
92 3.20 x 10-5
9% S (1.57 + 0.22)x10-7 1.0l x 10-6 L155 + .171
95 1.10 x 10-8
98 3.50 x 10-5
99 1.00 x 10-9
100 8.00 x 10-10
101 (2.97 + 3.29)x10-8 1.50 x 10-7 .198 + 1.11
102 M (9.47 + 0.46)x10-8  2.50 x 10~7 , .379 4+ L1117
103 M (1.18 + 0.25)x10-7 1.10 x 10-6 .107 + .232
104 3.00 x 10-5
105 M (1.66 + 0.11)x10-7 8.00 x 10~7 .207 + .139
106 1.20 x 10-8
107 1.80 x 10-9
108 M (3.60 + 0.21)x10-7  3.40 x 10-6 .106 + .116
110 6.20 x 10-8
11 s (3.68 + 0.04)x10-6 1.02 x 10-5 .361 + .101
112 9.40 x 10-5 ‘
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Table BL . (Con't.)

Relay Flow QIS{(atm. cc/sec) - Q]:S(atm.cc/_sec) R=Q§/Q}sis'_t a
No. . (RAG) ( H8) -
114 '
115 P {7.73 + 0.08)x10-7 9.50 x 10-6 .081 + .101
116 P (1.13 + 0.01)x10-6 1.36 x 10-5 .083 + .100
117 . .-
118~ s (1.39 + 0.03)x10-6  8.00 x 10-6 .174 + .103
119 ; ’ Gross ) -
120 M . (7.00 + 1.07)x10-8  6.20 x i0-7 113 4,182
121 . ©2.75 x 10-7
122 4,40 x 10-7
123 P (8.96 + 0.08)x10-7 7.80 x 10-6 115 + .100
124 ] (1.97 + 0.03)x10-6 1.30 x 10-5 .152 + .102
125 M (2.79 + 0.21)x10-7 1.90 x 10-6 L47 £ 0126
126 6.00 x 10-5
127. : 6.20 x 10-6
128 ' 1.00 % 10«5
129 M (2.62 + 0.11)x10~7 9.00 % 10-7 . «291 + .108
130 M (5.00 + 0.21)x10-7 2.40 x 106 .208 + .109
131 S (7.23 + 0.34)x10-7 8.60 x 10-6 .084 + 110
132 M (2.11 + 0.02)x10-6 £.50 x 10-6 468 + .101
133 M (4.32 + 0.03)x10-6 .16 x 10-5 372 + 100
134 S (1.78 + 0,22)x10-7  1.20 x 10-6 .149 ¥ .158
135 S - (1.26 + 0.27)x10-8  1.80 x 10-7 .070 + .236
138 3.60 x 10-5
139
140 M (7.91 + 0.14)x10-7 3.60 x 10-6 .220 + ,102
141 M {1.90 + 0.11)x10-7 6.60 x 10-7 .287 +.,:115
142 M (2.64 + 0.11)x10-7 1L.00 x 10-6 .264 + ,108
143 s (4.72 + 0.34)x10-7 5.10 x 10-6 093 + ,123
144 2.00 x 10-5
145 M (2.10 + 0.04)x10~6 5.80 x 10-6 .361 + .102
146 7.80 x 10-8 ’
147 4,05 = 10-7
148 P (1.46 + 0.01)x10~6 1.30'x 10-5- 12 + .100
149 M (2.23 + 0.21)x10-7 2.00 x 10-6 112 + .138
150 . 1.50 x 10-5 ’
152 2.70 x 10-8
154 4.45 x 10-8
155 1.20 x 10-9
156 1.38 x 10-7
157 3.65 x 10-7
158 S {5.06 + 0.22)x10-7 2.65 x 10-6 191 + 109
159 5.80 x 10-8
162 M (6.71 + 0.30)x10-8 1.08 x 10-7 .621 + .110
163 0.00 . :
164 2,30 x 10-7
165 2.00 x 10-9 -

7.00 x 10-7 433 + .106

166 s (3.03 + 0.11)x10-7
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Table Bl-. {(Con't.)

Relay Flow Qg(atm.cc/sec.)-- QMS(étm.cc/sec) R*Qi/QI:S"' a
¥o. - (RAG) ®  (ms) ‘ -
167 ‘6.00 & 10-8

i70 - 8 {4.73 4 0.22)x10-7 2.80 x 10-8 169 + (110
172 - 1.61 x 10-8 ’ ’
173 1.70 x 10-8

174 6.30 x 10-8

175 4,70 x 10-7

177 : 3.00 x 10-7

178 M “(1.59 + 0.04)x10-6 5,20 x 10~6 .306 + .103
181 g (3.81 + 0.22)x10-7 2,30 x 10-6 L1797 & (115
182 : ’ 4.00 ¥ 10-9

183 8 {(1.93 + 0.11¥x10-7 8,20 x 16-7 W235 + L1115
184 8 (3.09 + 0.11)x10-7 6.20 x 10-7 498 + .106
185 ; 3.80 x 10-7

186 . 7.00 x 10-9

1874 5 (3.37 + 0.13)x10-7 7.530 x 10-7 449 + 107
1878 M {1.71% + 0.03)x10~7 1.85 x 10-7 878 + _101
138 T 6.00 x 10-6 -

189 3 (2,11 + 0.11)x10-7 7.00 x 10-7 1.05 + L1123
191 3,20 x 10-8

19z 3,10 © 19-7

195 5,00 x 10-8

196 M (3.55 + 0.21)x10~7 1.16 % 10«6 .306 + .117
197 ) 7.15 x 10-8 )

198 5.00 = 10-9

199 P (2.54 + 0.26)x10-8 8.10 x 10-7 L0314 .142
200 T 5,00 x 10-7

201 3.50 x 10-8

202 M (L.77 £ 0.30)x10-7 1.40 x 10<6 L126 &+ .197
203 1.00 x 10-7

204 M {(6.82 + 0.28)¥x10-8 1.60 < 107 426 + .108
205 . 3.20 x 10-8 B
207 ] (2.13 £+ 0.11)x10-7 7.20 x 10-7 L296 + 112
208 M (6.98 + 0.21)x10-7 1.85 x 10-6 377 £ .105
209 5 (1.46 + 0.03)x10-6 5.20 x 10«86 -281 + .1083
210 2.15 % 10~6 )

211 8,00 x 10-8

214 2.90 x 10«6

215 3 (6.65 + 1.09)x10-8 5.00 x 10-7 .083 + .192
216 3.30 ¢ 10-7

217 2.%6 x 10-7

218 - 4.50 x 10-7

221 5 (2.12 + 0.11)%10-7 7.00 x 10-7 303 £ .112
222 2.50 x 10-6

223 8 {1.00 + 0.03)x10-6 5.20 ¥ 10-6 193 + . 106
224 8 (6.13 + 0.34)x10-7 4.60 x 10-6 L0980 + .129
225 3.40 x 10-7 .

226 M (4.62 + 0.21)x10-7 1.38 x 10-6 .335 + .110 -
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Table BL . (Con't.)

Relay Flow QB(Atm.ce/sec) Qtfs(atm.cc/ sec) B.::QE/Q%Si a
No. ( RAG ) T ( HMS )

227 3.05 x 10-8

228 8.00 x 10-8

-229 M (8.99 + 0.46)x10-8 2,70 x 10-7 .333 + 112
230 : ) 4.20 x 10-7 .

231 M C(7.24 + 0,46)x10-8 2.40 x 10-7

232 4.00 = 10-9

233 2.80 x 10-7

234 3.60 x 10-8

235 M (6.32 + 0.21)x10-7  1.56 x 10-6 405 + 106
236 ™M (3.28 & 0.05)x10-7  2.45 x 10-7 1.340 + ,101
237 6.10 x 10-7

238 8 (8.76 + 1.09)x10-8 6.80 x 10-7 129 + L1359
239 . 4,40 x 10-7

241 s (2.15 + 0,22)x10-7 1.14 x 10-6 .188 + .142 -
243 6.70 x 10-8

244 M (1.15 + 0.05)x10-7 2.50 = 10-7 ; 461 + 108
245 5.50 x 10-8

247 ‘1,20 x 10-8

248 1.20 x 10-7

249 6.00 x 10-8

250 0.00 '

251 1.18 x 10-7

252 s (3.16 + 0.35)x10-8 1.08 x 10-7 .293 + 149
253 1.60 z 10-9

255 0.00

256 M (2.18 + 0.11)x10-7  6.80 x 10-7 .320 + .111
257 1.50 x 10-8

258 M (7.69 + 0.26)x10-8 1.80 x 10-7 LA427 + 106
259 0.00

260 M (1.86 + 0.11)x10-7  6.30 x 10-7 .295 + .115
251 5.20 » 10-8 ’

262 M (4.66 + 0.28)x10~8 2.02 x 10-7 .231 + 117
263 0.00

264 M (5.01 + 0.26)x10~8 1.30 x 10-7 .386 + .113
265 0.00

266 M (3.01 + 0.21)x10-7 1,00 x 10-5 .301 + .123
267 M (3.87 + 0.3£)x10-8 1.75 x 10-7 L221 & 134,
268 M (4.55 + 0.29)x10-8 1.28 x 10-7 .355 + .119 .
269 M (1.36 + 0.05)x10-~7 2.22 x 10-7 .610 + .106
270 4,50 x 10-8

Z71 4.90 x 10-7

272 0.00

273 3.30 x 10-7 :
274 M (5.60 + 0,26)x10-8 1.45 x 10-7 .386 + .111
275 M £7.50 + 0.26)x10-8 -1.98 x 10-7 379 + 106
276 M (1.03 + 0.05)x10-7 2.70 x 10-7 .380 + .110
277 ] (3.42 + 0.14)x10-7  6.60 x 10-7 .318 + .108
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Table-B} . (Con't.)

Relay Flow - Qg(Atm.cc/sec) . st(atm.cc/sec) R;QE/Qg%i a

No. . { RAG ) oo (HMS ) S

278 3.50 x 10-7

279 1.44 x 10-8

280 0.00

281 5.00 x 10-7

282 M (2.62 + 0.12)x10-7 1.45 x 10-6 .180 + .109

283 ’ 5.20 x 10-8

284 3.10 x 10-8
. 285 2.75 x 10-6

286 . 6,00 x 10-8

287 1.80 x 10-8

288 6.40 x 10-8

289 0.00

290 M (7.37 + 1.23)x10-8 6.50 x 10-7 L113 4+ ,195
. 291 : - 3.00 x 10-7

294 4.30 x 10-8

295 M (1.63 + 0.34)x10-8 1.25 x-10~7 .130 + ,233

LEGEND; P = Poiseuille

8 = Slip
M = Molecular

10 - 7 = 1077 (ete.)
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Table B2, RAG and HMS Leak Rates for.Half-8$¥zs Relays

_ R MS RS
Relay Flow Qs‘(a}tm.cc/sec} Qg (atm.cc/sec) R=Qg/Qs + @
Yo. ( RAG ) ( HMS )

1 S (2.59 # 0.42)x10-7  7.64 x 10-7 -.339 + .189
3 M (7.54 * 3.86)x10-9 5.00 x 10-8 J151 F 522
4 . .. 1.43 x 10-9 .

5 S (1.42 +-1.58)x10-8 2.09 x 10-7 - 068 + 1,12
6 M (6.23 + 0.18)x10-7 1.51 x 10-6 413 + 1104
7 M (7.60 + 2.01)x10-8 2.24.x 10-7 .339 4+ .283
3 S (7.48 + 0.42)x10~7 3.10 x 10-6 241 4+ (104
9 3 .(1.09 + 0.16)x10-7 1.16 x 10-6 094 + 176

12 9.00 x 10-6
13 M (3.85 + 0.49)x10-7 4.74 x 10-6 .812 + .159
14 . 3.20 x 10-7
is S (7.98 + 1.58)x10-8  7.50 x 10-7 .106 + .221
16 , 5.82 x 10-9
18 M (1.82 + 0.04)x10-6 6.00 - 10-6 .303 + ,102
19 2,04 x 10-7

20 s (9.89 + 0.42)x10-7  4.14 x 10-6 .239 + .109

21 P (6.37 + 0.93)x10-8 6.10 x 10-6 010 + .177

22 5.82 x 10-9

23 2.91 x 10-9
24 S (7.33 £ 0.45)x10-7 4.50 x 10-6 163 + 118

26 3.35 x 10-7

27 1.10 x 10-6
29 6.00 x 10-7

30 P (7.63 + 1.55)x10-9 1.13 x 10-7 .068 + .227

31 1.05 x 10-7

32 M (5.26 + 0.15)x10-7 1.48 x 10-6 .355 + .104

33 1.63 x 10-8

34 s (2.03 £ 0.16)x10-7 6.12 x 10-7 .332 + 127

35 M (1.04 * 0,15)x10-7  2.78 x 10-7 373 T .179

36 P (4.44 + 0.31)x10-8  3.40 x 10-7 .131 + .122

37 S (3.94 + 0.83)x10-8 1.28 = 10-7 .308 + .232

38 M (4.88 + 0.15)x10+7 6.55 x 10-7 .745 + ,103

40 M {1.58 + 0.15)x10-7 5.50 x 10-7 .287 + .140
41 1.68 x 10-7

42 P (1.42 + 0.37)x10-8  4.00 x 10-7 .035 + .280

43 2.14 x 10-6

44 1.15 x 10-7

45 M (1.26 + 0.15)x10-7 3.42 x 10-7 .369 + .158

46 4.95 x 10-8

49 P (3.01 + 1.55)x10-9 1.16 x 10-7 .026 + .526
50 S (2.57 + 0.03)x10-8 2.04 x 10-7 .126 + .337
51 8 (9.14 + 0.42)x10-7 3.00 x 10-6 .305 + .110

52 2.04 x 10-7

53 S (1.29 + 0.04)x10-6 3.00 ¢ 10-6 .429 + 105

56 S (1.27 + 0.08)x10-7 1.79 = 10-7 .985 + .119
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Table B2. (Con't.)

Relay Tlow. 'Qg(atm.cc/sec) . Qgs(atm.cc/sec) R=Q§/Q§%i g
Wo. . ( RAG ) “( BB )

58 .

59 S (9.77 + 1.82)x10-8 2.85 x 10-7 .343 + .212
60 2.40 x 10-8

61 M (2.48 + 0.18)x10-7 1.68 x 10-7 .148 + .123
62 " 3.40 x 10-7

64 M (5.47 + 3.86)x10-9 4,00 x 10-8 L137 + 713
66 ’ o 2,11 x 10-9

67. . 8 (9.83 + 1.94)x10-8 "4.00 x 10-7 .246 + .221
68 ’ 1.96 x 10-5 '

69 - 7.50 x 10-6

71 1.00 x 10-9

73 9.25 x 10-9

74 7.97 x 10-8

75 1.38 x 10-8

76 4.17 x 10-8

77 2,80 x 10-8

78 3.05 x 10-9

79 2.09 x 10-8

80 1,00 x 10-9

81 2.80 x 10-7

82 M (1.11 + 0.39)x10-8 5.10 x 10-8 .217 + .363
83 S (6.81 + 0.16)x10-7 1.75 x 10-6 .389 + .103
84 4.65 x 10-9 )

85 S (1.53 + 0.16)x10-7 4,70 x 10-7 .324 + 144
87 2,20 x 10-9

88 1.16 x 10-8

89 1.85 x 10-9

90 : _ 5.80 x 10-9

92 3.10 x 10-9

93 P (1.33 + 0.16)x10-8 1.40 x 10-7 - .095 + .154
95 1.85 x 10-8 :

96 M (1.83 + 0.18)%x10-7 2.78 x 10-7 .659 + .140
97 4.42 x 10-8

98 P (1.25 + 0.16)x10~8 2.00 x 10-7 .063 + .159
101 P (6.54 + 0.93)x10-9 5.15 x 10-8 127 + .173
102 ’ 5.34 x 10-9

103 M (5.66 + 3.86)x10~9 4.99 x 10-8 .113 + ,690
104 M (3.63 * 0.11)x10-8 9.00 x 10-8 403 + .317
107 1.28 x 10-8

108 2.09 x 10-8

109 6.62 x 10-7

110 2.24 x 10-8

112 3.50 x 10-9

113 M . (5.10 + 7.72)x10-9 1.25 x 10-7 041 + 1.51
114 ] (2.48 + 3.94)x10-9 4,10 x 10-8 .060 + 1.59
115 4.60 x 10-9

116 s (1.63 + 5.13)x10-9 4.41 x 10-8 .037 + 3.14
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Table B2 , (Con't.)

Relay Flow Qg(atm;ccﬁsec) Qgs(Atm.cc/sec). ) R;Q%/QESi a
No. ( RAG ) ( HMS )

117 S (8.77 + 1.58)x10-8 2.32 x 10-7 .378. + 206
118 1.40 x 10-8

119 9.30 x 10-9 -

120 S (1.93 £ 7.87)x10-9 9.30 % 10-8 .021 + 4.08
121 . 1.60 x 10-8

123 2.55 x 10-8

124 . ; 4.20 x 10-8

125 . ° 2.90 x 10-8

126 M (2.92 + 0.39)x10-8 7.43 x 10-8 .393 + .166
127 M (1.25 + 0.50)x10-8 6.73 x 10-8 .086 + 414
128 9.28 x 10-8

130 8.13 x 10-8

131 M (1.93 + 0.81)x10-8 9.05 x 10-8 215 + 481
132 5.00 x 10-9

133 ) 4.64 x 10-8

134 S (1.47 + 0.83)x10-8 1.04 x 10-7 L142 + .570
135 P (8.07 + 1.55)x10-9 1.05 x 10-7 077 + .217
136 M (3.06 + 0.95)x10-8 1.16 x 10-7 .263 + .327
137 . 1.40 x 10-8

138 M (2.59 + 0.81)x10-8 1.16 x 10-7 .223 + .329
141 2.60 x 10-8

142 M (5.28 + 3.86)x10-9 4.20 x 10-8 .126 + .738
143 4.30 x 10-8

144 5.80 % 10-9

145 8.50 x 10-8

146 2.10 x 10~7

147 P (9.92 + 1.55)x10-9 1.14 x 10-7 .087 + .186
149 o 2.32 x 10-9

150 ’ 2.90 x 10-8

151 S (3.00 + 0.79)x10-8 1.90 x 10-7 .158 + 281
152 7.00 x 10-8

154 8 (8.21 + 1.58)x10-8 2.14 x 10-7 2384 + .216
157 M (2.98 + 0.39) x10-8 9.30 x 10-8 . .320 + .164
158 : 1.16 x 10-8

159 4.90 x 10-8

160 5.60 x 10-8

161 7.00 x 10-6

162 1.70 = 10-6

163 P (8.68 + 1.55)x10-9 1.65 x 10-7 .053 + .205
164 M (5.82 + 0.41)x10-7 3.00 x 10-6 L1194 + 122
165 6.96 x 10-9

166 3.50 x 10-9

169 M (1.79 + 0.18)x10-7 3.71 x 10-7 484 + 141
170 M (8.91 + 3.86)x10-9 7.66 x 10-8 116 + .445
171 3.48 x 10-8

175 3.70 x 10-5

176 -3.89 x 10-6
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-Table B2 . (Con't.)

Relay Flow QE(atm.cc/sec) R ‘Qgs(Atm.cc/sec)‘ RFQE[QE%i a

No. { RAG ) - { M8 ) - ' .

177 5 (5.70 i;0.0ﬁ)le—? 8.12 x 10=-3 7.02 + .100
© 178 2.55. % 10-8

179 - 3.95 x 10-8

182 M (1.30 + 0.18)x10-7 . 4.06 x 10-7 .320 + .170

183 . .- . 2.60 x 10-5

1845 - . 6.50 x 10-8 .

186 5 (9.13 j:0.22)x10~7 1.42 x 10«6 .643 + ,103

187 . , 5.80 x 10-9

188 M (L.44 + 0.04)x10-6 2.90 x 10-6 497 + 104

189 . . 1.16 x 10-8

190 2.32 x 10-9

192 2.10 x 10-8

193 . 1.87 x 10-6

184 5 {2.80 i;?.37)x10-9 .70 x 10-7 L016 + 2,82

195 Y9.00 1 10-5

196 )

197 2,32 x 106-9

198 1.39 » 10-8

200 ’

201 ,

202 - 7.40 = 10«6

203 1.62 x 10-8

204 g (1.76 + 0.18)x10-7 3.25 x 10-7 L5417 V134

205 3.48 x 10-8

206 3.25 x 10-8

207 3.94 % 10-8

208 9.30 x 10-9

209 , 1.20 x 10-5 :

210 3 (4.18 + 0.22)x10-7 1.86 x 10-6 L225 + 113
-211 5.80 x 18~-9

214 5.00 x 10-9

215 P (L.16 + 0.05)x10~7 1.70 x 10-6 .068 + ,109

216 ) . 2.50 » 106-10

217 1.70 = 10-8

219 4,51 x 10-6

221 2.80 x 10-5

222 M (1.48 i;O.SO)xlO—B 5.0 x 10-8 .294 + .353

223 6,00 x 10-9

224 -

227 1.02 x 105

232 3.50 % 10-7

233 2.88 x 10-8

234 9.40 x 10-5

235 M (2.38 + 0.15)x10-7 6.00 % 10~7 .396 + 119

237 2,40 x 10-5

240 1.32 x 10-6

241 8 . (2.15 + 0.17)x10-7 7.00 % 10-7 .307 + .128

x 10-6

242 1.85
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Table B2 .- " (Con't.)

Relay - Flow ;‘Qg(a;m,cd/é‘ec) T Q?"(Atm‘lcc?éé_c)"m R=Q§/Qgisif
No. " _(RAG ) ( HMS ) »

243 S . (4.06-% 0.16)x10-7 1.19 x 10-6 341 + .107
246 o 1.90 x 10-6

247 2.26 x 10-5

248 5.50 x°10=9

249 5.40 x 10-5

250 6.00 x 10-10

252 1.75 % 10-9

254 2.20 x 10-5

260 :

261

263

266

270 oo

271 s (7.83 + 0.49)x10-7 1.00 x 10-5 .783 + .118
272 - 1.20 x 10-5

273 S (8.60 + 1.58)x10-8 2.10 x 10-7 | 410 + .209
274 M (2.61 *+ 0.39)x10-8 6.00 x 10-8 429 ¥ .179
276 M (1.94 + 0.04)x10-6 5.90 x 10-6

277 1.00 x 10-5 .329 + .102
278 M (1.57 + 0.04)x10-6 6.10 x 10-6

279 1.10 x 10-8 .257 + .103
280 1.90 x 10-8

281 3.80 x 10-7

283 s (4.48 + 0.42)x10-7 1,80 x 10-6 .249 + ,137
284 M (2.95 + 0.41)x10-7  1.30 x 10-6 .227 + ,170°
285 M (5.08 + 0.41)x10-7  3.00 x 10-6 170 + .128
286 s (6.67 + 0.42)x10-7 2.96 x 10-6 225 + .118
287 M (1.27 * 0.04)x10-6 4.74 x 10-6 .269 ¥ .105
288 8.00 x 10-8

289 6.50 x 10-9 _

290 (2.45 + 0.41)x10-7 1.70 x 10-6 .204 + .193
291 M 1.20 x 10-6

292 2.45 x 10-7

293 M (7.70 + 2.01)x10-8  8.00 x 10-7 .096 + .270
294

295 M (1.47 + 0.18)x10-7  2.15 x 10-7 .683 + ,157
296 M (2.52 + 0.41)x10-7 1.10 x 10-6 .230 & .190
297 3.70 x 10-6

298 3.20 x 10-7

299 S (6.30 + 0.42)x10-7  2.40 x 10-6 .263 + .120
300 M (2.11 + 0.18)x10-7  4.10 x 10-7 .516 + 131
301 2,00 x 10-9

302 8.20 x 10-6

305 1.20 x 10-5

306 M (1.62 + 0.41)x10-7 1.60 x 10-6 101 + .269
307 1.40 x 10-8

308 s (1.24 + 0.04)x10-6 3.60 x 10-6 .346 + ,105
310 M (1.51 + 0.04)x10~6 4.60 x 10-6 2329 + 104

89



Table BZ . (coﬁ't.)

Relay - Flow Q (atm.c¢/seq) QS {Atm. cc/sec) R=Q§/Q§%tcr‘
No. | . (RAG) - - {HM3) i

311 S S "7 ,2.80 x 10-6

313 - $.00 x 106-9 .

314 S - 7 (1,35 & 0.42)x10-7 1.00 x 10-6 .135 + .324

316 : 3.20' % 10-6

317 1.00 x.10-5

318§ ) 8.00 x 10-9 : .

319 ‘M (1,79 £ 0.18)x10-7 - 4,10 x 10-7 431 + 141

Legend: P ?‘Poisegilie
- Slip
M = Mplecular

10 - 7= 1077 (ete.,)
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i B i I
Full Size Relay No. 132
2.0 -]
1.5 A
1.0 L -
.ce/sed.
S _
|- | j |

2 3 ) 4 5
P( Absolute Atmospheres )

Fig.Bl Example of Relay Exhibiting Molecular Flow
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l.e}.

‘1.4-—

l.24.

1.0

T y g “1 T

Full Size Relay
No. 238

J

Fig.B2.

™ T

3

5

P ( Absolute Atmospheres )

Example of Relay Exhibiting Slip Flow
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Full Size Relay No. 23

6849 x 1078 atm.cc/sec. |

l I- [ |

2 3 4 5
P ( Absolute Atmospheres )

Fig.B3. Example of Relay Exhibiting Poiseuille Flow
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FORM 1027-11-64 5M

Mississinpi State Chemical Taboratory
‘ State Gollege, Missiasippi

M. P. EYHEREUGE
BTATE CHEMIST =

Analysis No. 381,808-809

Analysis of CONTACT WIRES Marked:
Received on _6/2/67 from  Dr. J. I. Paulk

. ; Nuclear Engineering Dept.
Address = State College, Mississippi Drawer NE =

RESULTS:

Dear Professor Paulk:

Bili Patterson finds that the wires definitelv contain iron and
nickel. Apparently, these are plated with gold.

Sincerely yours,

- e A R st
95 ! state Cnemish

PLEASE GIVE NUHMBER WHEN REFERING TO THIS ANALYVSIS



APPENDIX D

RAG-HMS CORRELATION
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.RAGrHMS Correlation Using Experimentally Determined Correlation

. Factors, Full Size Relays

Table D1.

x R (atm. cc

M5
&

9

g(atm cc/séc)

Q

Flow ‘

Relay No.
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(Con't.)

Table DI1.

x K (atm. cc/sec)
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Table D1 Con't.

% R (atm. cc/sec)
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RAG~HMS Correlation Using Experimentally Determined

Correlation Factors, Half Size Relays

Table DZ.
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con't.

Table D2,
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