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ABSTRACT

Two Daily Lot Sample (DLS) failures occurred in Lot 9 of the MC2736 battery. The first DLS
failed to reach the required voltage. X-rays were carefuily reviewed for evidence of any
condition which would impact battery performance. It was concluded that Serial No. 4422

- failed because of oversized header potting. When the normal stack force used for closure
welding was applied, it forced the header potting into the insulation sleeve. As a result, no
pressure was applied to the cell stack. Because this condition could be detected on the
standard battery x-rays, all x-rays for this lot were reviewed. No other batteries were found
which showed any evidence of this problem.

The second DLS failure produced no voltage when tested. Upon examination, the primer was
found not to have ignited. Extensive investigation failed to determine the cause of the primer
failure. The lot was accepted based on performance data from this and previous lots. This
primer failure was shown to have no impact on the overall system reliability.
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INTRODUCTION

Two Daily Lot Sample (DLS) failures occurred in Lot 9 of the MC2736 battery, both during the
first week of August 1990. The first failure was a battery which never reached the required
voltage of 8.2 V. This battery came up slowly to its peak voltage of 7.8 V and had a long life
above 5.0 V (a monitored performance parameter), but never reached required voltage. The
second DLS failure produced no voitage upon testing. This report provides a summary of the
actions taken to determine the cause of each failure. The steps which will be taken to prevent
these problems from occurring again are briefly described.

BACKGROUND

Lot 9 of the MC2736 was fabricated at Eagle-Picher Industries (EPI) in Joplin, Missouri. At the
time of these two DLS failures, this lot was slightly over half complete. The contract required
construction of 600 batteries in order to deliver 350 War Reserve (WR) units. At the time the
build was stopped due to the two failures, 305 units had been built, with 212 batteries set to be
shipped as WR. The other 93 batteries were preproduction units, material evaluation units,
daily lot samples, and rejects.

ANALYSIS AND DISCUSSION
FIRST DAILY LOT SAMPLE FAILURE

The first DLS failure was Serial No. 4422. The Visicorder* trace for this battery revealed a slow
rise with a smooth curve showing no noise. The final inspection x-ray showed some
inconsistencies, but did not appear initially to suggest performance problems. Al Jacobson,
Sandia National Laboratories-Albuquerque (SNL), and Dave Pattison, EPI, traveled to GEND
on August 3, 1990, to postmortem Serial No. 4422. Two batteries which were
destructively-tested successfully were also shipped to GEND for comparison (Serial No. 4408,
tested cold and Serial No. 4409, tested hot). The functional performance of both of these
batteries exceeded the requirements of the product specification.

Atfter the failure, the tester load was verified to be correct. Prior to cutting open Serial No.
4422, the x-rays were carefully reviewed for evidence of any condition which would impact
battery performance. It had previously been noted that a gap was visible between the two heat
pellets in each pair of heat pellets, one pair at each end of the stack assembly. Further, a gap
was visible between the potted header and the stack assembly. Additional review led to the
observation that the header was welded resting further above the case than normal. These
observations suggested that the battery was not closed properly. An x-ray of Serial No. 4422
is shown in Figure 1. For comparison purposes, an x-ray of a normat battery (Serial No. 4586)
is shown in Figure 2.

The overall height of each battery from the header surface to the bottom of the case (excluding
the primer holder) was measured. The averages of three readings for each battery were as
follows: Serial No. 4422 - 0.593", Serial No. 4408 - 0.584", and Serial No. 4409 ~ 0.585".
This 0.008” to 0.009~ difference was further indication that Serial No. 4422 was not properly
closed.

*Trademark, Honeywell Inc.



All three batteries were cut open and carefully disassembled. The test failure, Serial No. 4422,
exhibited larger than normal areas of unreacted calcium on the bimetal. However, the cause of
its poor performance was noted by the observance of the header potting appearing to be oval
shaped. Measurements of the largest potting width yielded the following dimensions: 0.896",
0.887”, 0.906", and 0.901”. The drawing (No. 290424-200) calls for a potting diameter of
0.875" = .002”. For the inner diameter of the insulator sieeve placed into the case, the
‘specification was 0.888” +.004"/-.000” (Drawing No. 290417-200).

Accurate measurements of the insulator sleeve after firing the battery are difficult; heat from the
cells melts grooves into the inside diameter. Measurements taken, allowing for the inside
grooves, confirmed that the inside diameter of the insulator sleeve met the drawing
requirements. A potting diameter larger than 0.892” would not fit into the insulator sleeve.
With the potting dimensions as large as 0.906”, the closure force would have forced the
header potting into the insulator sleeve, and no force would have been applied to the cell
stack. This would explain the appearance of the lines indicating gaps between the heat pellets
in x-rays of this battery.

Prior to identifying the probable cause of this failure, Sam Mack (EPI) suggested that the
closure force on Serial No. 4422 might have been less than required. Serial No. 4411 was
closed with a stack force in the 50~ to 100-Ib range. (Due to gauge limitations, accurate
readings cannot be made at pressures lower than approximately 100 Ibs.) This reduced stack
force battery was functionally tested and performed normally. To test the validity of this
hypothesis as the cause of failure for Serial No. 4422, a MC2736 battery was welded closed
with as little stack force as possible (nearly zero). This battery (Serial No. 4647) was measured
for overall height in the same manner as the previous three batteries. The average of three
measurements was 0.596", similar to the height of the failed unit (Serial No. 4422 - 0.593").
Serial No. 4647 passed the MC2736 functional test requirements, but showed a reduced level
of performance similar to the failed unit. Peak voltage was only 9.0 V; detailed test data is
given in Table 1. The Visicorder trace for Serial No. 4647 was smooth, with a long life above
5.0 V, similar to the trace observed with Serial No. 4422. A review of the x-rays for Lot 9
revealed that other batteries exhibited faint lines between the upper and lower pairs of heat
pellets. Two of these batteries, Serial Nos. 4620 and 4621, which appeared to have the
darkest lines, easily passed functional testing. This test data is also shown in Table 1. X-rays
of Serial Nos. 4647 and 4620 are shown in Figures 3 and 4, respectively.

Based on the data from these tests and measurements, it was concluded that Serial No. 4422
failed because of the oversized header potting. This condition may have been caused by
inadequate trimming of the sprue from the potting. The result was oval-shaped potting, with
the largest dimension being greater than the inside diameter of the inner Vespel* insulation
sleeve. Thus, when the normal stack force used for closure welding was applied, it forced the
header potting into the insulation sleeve. As a result, no pressure was applied to the cell stack.
Further information on this investigation is detailed in a SNL memorandum dated August 8,
1990 (see Appendix A).

*Trademark, E.l. du Pont de Nemours & Co., Inc.



To prevent the reoccurrence of any similar problems, the remaining potted header assembiies
were screened for potting diameter. Also, based on the x-ray data gathered in this study, all
x-rays for MC2736 Lot 9 were screened for separations in the two pairs of heat pellets located
on each end of the cell stack. This condition was seen on the x-rays as dark visible lines
between the two end pairs of heat pellets. Gaps between the header potting and the top heat
pellet and the positioning of the header in the case were other conditions searched for in the
x-rays which might signal a stack force problem. The x-rays for Serial No. 4647 (near zero
closure force - unacceptable), Serial No. 4411 (reduced closure force - marginal), and for all
the standard closure batteries, such as Serial Nos. 4620 and 4621, (standard closure - fully
acceptable) were used as comparison standards. Upon screening, no other batteries were

found which showed any evidence of this condition.

Table 1. Functional Test Results for Special Test MC2736 Batteries

Rise to

Peak Rise to Life Life
Serial Temp. Voltage 5.0V 8.2V >50V >82V Volts@ Volts@
No. (C°) V) (msec) (msec) (sec) (sec) 0.3sec 0.35sec
4410 -25 10.3 130 172 0.59 0.30 10.1 9.7
4411 -25 10.3 140 175 0.60 0.25 9.9 9.4
4413 -25 10.6 130 175 0.48 0.28 10.3 938
4414 ~-25 10.4 130 175 0.83 0.24 10.1 9.4
4422 =25 7.8 150 - 1.20 0.00 7.6 7.7
4445 -25 11.2 120 148 0.86 0.33 10.9 10.5
4476 -25 10.6 140 175 0.97 0.27 10.4 9.9
4477 -25 10.9 130 155 0.46 0.33 10.5 10.3
4487 -54 10.5 150 190 0.49 0.23 10.2 9.5
4488 -54 11.1 148 175 0.96 0.23 10.4 9.4
4492 -54 11.1 130 170 0.41 0.24 10.5 9.7
4566 -25 11.2 123 145 0.91 0.39 10.9 10.7
4620 -25 10.6 140 168 0.62 0.35 10.4 9.9
4621 -25 10.4 140 175 0.46 0.30 10.2 9.8
4647 -25 9.0 150 205 1.10 0.33 9.0 8.9
4676 -25 11.2 126 165 1.02 0.31 11.0 10.6
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Figure 1. X-ray of Failed MC2736 Battery, Serial No. 4422
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Figure 2.

X-ray of Normal MC2736 Battery, Serial No. 4586
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"Figure 3. X-ray of MC2736 Battery, Serial No. 4647, Intentionally Welded Closed Using

No Stack Force




View 2

3X Magnification

Figure 4. X-ray of MC2736 Battery, Serial No. 4620, Exhibiting Faint Lines Between Heat
Pellets

SECOND DAILY LOT SAMPLE FAILURE

Later in the first week of August, a second daily lot sample failure occurred. This test unit,
Serial No. 4590, produced no voltage when functionally tested. The tester was checked to
ensure that it was working properly. The normal dent in the base of the primer was noted,
indicating that the primer had been struck by the firing pin. The primer used in the MC2736
thermal battery is the WW42C1, supplied by EG&G Mound The temperature monitor did not
trip, indicating that the battery did not fire.

The postmortem for this failure was conducted at EPI. [Further information on the postmortem
is given in a SNL memorandum dated August 16, 1990 (see Appendix B)]. First, the failed unit
was visually examined. It was noted that the primer had been struck by the firing pin, and this
produced a dent that appeared normal but slightly off center. Other daily lot samples were
found which had primers with dents that were off center, so this did not appear to be an
unusual occurrence. Review of the x-ray for this battery showed the primer to be slightly tilted
within the primer holder (see Figure 5), other battery x-rays showed the same condition. Plans
were made to screen some of the primers before their insertion into the primer holders to
determine if the primer case had been cut squarely.



Tilted Primer in Primer Holder

3X Magnification

Figure 5. X-ray of MC2736 Battery, Serial No. 4590, Showing Tilted Primer

Next, dimensional measurements were made of this battery. The width of the threads on the
outer diameter of the battery were found to be approximately 0.140", with the case drawing
{(No. 290422-200) specifying 0.110” + .010”. In addition, the distance from the bottom of the
case, excluding the primer holder, to the bottom thread was measured to be about 0.376",
while the drawing gives the allowable range as 0.382” to 0.402". The height of the primer
holder was found to be within dimensional tolerance. No other dimensions were found to
deviate from drawing requirements. The test fixture, which simulates the next assembly, was
measured to determine if the above drawing dimension deviations would create problems
when functionally testing the battery. The fixture was found to be able to easily accommodate
these battery deviations while continuing to aliow the battery to bottom in the test fixture.

Continuing this investigation, Serial No. 4590 was cut open and examined. The heat pellets
were unlit, the cells unreacted, and the primer did not fire. The primer was examined under
magnification. Other than a small drop of red lacquer on one side of the inside of the case, no
other imperfections or abnormalities were noted. In comparison, primers awaiting insertion
into battery cases were also visually examined. The anvil appeared to be off center or tilted in
one-third to one-half of the more than 120 primers that were reviewed.

After examining the components of Serial No. 4590, the header was welded to the case/primer
assembly, which was empty except for the Vespel sleeve. Unfortunately, the welding was done
with a hand-held welder, and this procedure heated the case/primer assembly considerably.
As a result, the primer may have been damaged. This unit was shipped to SNL for further
evaluation of the primer. Using various chemical analysis techniques, it was determined that
the pyrotechnic powder in this primer did not contain the proper amount of tetracene. The
pyrotechnic powder in the WW42C1 primer normally contains 5 weight % tetracene, a
chemical which enhances the explosiveness of the powder. It is possible that the welding
operation heated the primer sufficiently to volatilize this material.



About one month later, after gathering and reviewing the chemical analysis data from the Serial
No. 4590 primer, two more samples were shipped to SNL. In an attempt to duplicate the
condition in which Serial No. 4590 was received by SNL, a header was welded using the same
hand-held welder as before to a case/primer assembly with a Vespel sleeve inside the case.
This operation was performed to duplicate as closely as possible the processing of Serial No.
4590 prior to shipment. The purpose of preparing this sample was to determine if the welding
operation performed on Serial No. 4590 was the reason that little tetracene was found in the
pyrotechnic powder. The second sample was simply a primer randomly selected from the
stock available for this battery lot. This sample was examined to establish the composition of
the primers used in this battery lot and whether this composition met specifications. At this
time, no results are available for these two samples.

Based on the observations to this point, three possible factors were identified for testing which
may have caused or contributed to the failure of this battery to fire. First, the case dimensions
deviated from the drawing dimensions in the two places noted above. It was felt that this may
have prevented the battery from bottoming out in the test fixture. Any additional distance from
the firing pin might lessen the pin’s impact. Prior to the removal of Serial No. 4590, an x-ray
was taken of the battery/test assembly combination with the battery failure in place. This
revealed a 0.005” to 0.006” gap between the bottom of the battery and its normal placement in
the fixture. Yet the dimensions of the test fixture, which simulates the next assembly, should be
able to compensate for the case dimension deviations. Second, the dent made by the firing
pin on the primer of Serial No. 4590 was off center. The test fixture was examined and was
found to allow the battery position within the fixture to be very operator dependent due to the
large tolerances and small diameters of the mounting pins. Third, primers cocked or tilted
within the primer holder were identified as a potential source of problems in firing the primer.

Testing was conducted in an attempt to determine the sensitivity of the primers to the presence
of the above three conditions. The first two conditions identified above could be tested by
altering the positioning within the test fixture. The battery screws into the test fixture using
1.0-56 fine threads; a complete turn of the battery equates to a travel distance of 0.018” along
a path parallel to the axis of the battery case. Backing the battery off some multiple or fraction
of turns would control the distance from the bottomed-out position in the test fixture. By
holding the battery off to one side while tightening it in the test fixture, the firing pin can be
made to strike the primer off center. After reviewing the battery x-rays, several batteries were
selected with the largest degree of tilt of the primer within the primer holder cavity. These
batteries were chosen to evaluate this condition as a factor that might contribute to the failure
of the primer to fire. The test conditions of the batteries fired to evaluate the primer failure are
given in Table 2.



Table 2. Test Conditions for Units Used in Second Failure Evaluation*

Serial Misaligned Firing Pin Strike Number of Turns
No. Primer Off Center Backed Off
4410 - - Yo

4411 : = X -

4413 X X 2

4414 X X 1

4445 - - 2

4476 X - -

4477 X X -

4487%* X - -

4488** X - -

4492%* X X 2

4566 X X 2.

*All units were tested at low temperature, -25°C, except where noted.
**Tested at -54°C

As can be seen from the performance data in Table 1, all batteries tested in attempts to
duplicate the primer failure met the performance requirements of the MC2736 product
specification. None of the three factors tested caused the primers to fail, whether tested
individually or in combination. In addition, Serial Nos. 4487, 4488, and 4492 were tested at
~-54°C to assess the sensitivity of the primer powder to temperature. As an aside, the thermal
monitors on each of these three units operated properly at this low temperature. In the past,
problems have been encountered with the operation of this monitor at ~54°C. These units
also successfully completed performance testing.

Additional dimensional checks were made to determine the conformance of the battery
components o the drawing specifications and the importance of conformance. Ali of the
battery cases in stock at the time (202) were screened for primer holder depth and found to
meet drawing requirements. Measurements were also made on primers in stock at both EPI
and GEND.

Ten primers randomly selected at EPI were measured on an optical comparator. None of these
primers had been subjected 1o the sizing operation in which the primers are forced through a
tube which makes out-of-round cases round. The axes of the cylindrical primer cases were
found to be perpendicular to the base in all cases. However, the sides of the cases were
shorter at some points than at others. In other words, the open end of the case did not form a
plane that was parallel to the base. As a measure of the proper alignment of the anvil in the
case, the differences in protrusion of the anvil legs were measured on these ten samples. The
difference in anvil leg protrusion can be defined as the vertical distance from the tip of the least
protruding leg to the tip of the most protruding leg. Seven of ten were found to be level, with
two showing a difference of 0.001” and one with a difference of 0.0065".

10



The primer with the 0.0065” difference in primer leg protrusion also failed the specification for
primer height (0.114” to 0.116”) by measuring 0.118”. This primer was built into a battery and
tested at -25°C with the primer being struck off center. This battery satisfactorily passed
functional testing. Another 29 primers were randomly selected from EPI stock. These units,
which had also not been sized, were measured for overall height and anvil protrusion. Al met
the specification for primer height. Five of the 29 exhibited differences in the protrusion of the
anvil’s legs; the maximum was measured to be 0.0012".

A random selection of 30 primers from GEND stock was also measured for overall height and
difference in anvil protrusion. Eleven of these units had a difference in leg protrusion greater
than 0.002”. Eight units failed the height specification; all the failures exceeded the upper limit
of 0.116”. In addition, only two of these were not included in the first group of eleven. The
largest difference in leg protrusion was found to be 0.0041"; the largest height measured was
0.1175". ;

Three primers were selected and had varying amounts of Loctite* adhesive applied to the
inside of the primer over the anvil. The Loctite was allowed to dry overnight. Without building
these primers into batteries, the primers were fired successfully.

Since the cause of the primer failure could not be determined, the data for this and previous
MC2736 thermal battery lots, using the same percussion primer, was analyzed statistically.
The total failure probability for the MC2736 was calculated to be less than 0.007. Since the
MC2736 is used redundantly in Joint Test Assembly (JTA) systems, the assessed failure
probability of this component will have no significant effect on system reliability. The basis for
acceptance of Lot 9, despite this unexplained lot sample failure, is spelled out in much greater
detail in a memo from D. L. Wright to A. K. Jacobson, "MC2736 Thermal Battery Reliability,”
dated September 5, 1990. A copy of this memo is included in Appendix C. Wright
recommended “... that Lot 9 production and testing be continued at the planned rate and Lot 9
be accepted for WR, assuming no further failures, based on the history of the MC2736.” As no
further failures were encountered, Lot 9 of the MC2736 thermal battery was accepted for WR.

SUMMARY AND CONCLUSIONS

The first daily lot sample failure encountered, Serial No. 4422, failed to reach the required
voltage of 8.2 V. This unit peaked at 7.8 V and had a long life above 5.0 V. After analyzing this
battery, it was determined that oversized potting on the header was forced into the insulation
sleeve, resulting in no stack force being applied to the battery stack. Because this failure
mechanism could be detected on standard battery x-rays, all x-rays for this lot were reviewed.
No other batteries were found which showed any evidence of this problem.

The second daily lot sample failure, Serial No. 4590, produced no voltage when tested. Upon
examination, the primer was found to have failed to ignite. Extensive investigation was unable
to determine the cause of the primer failure. The lot was accepted based on performance data
from this and previous lots. This primer failure was shown to have no impact on the overall
system reliability.

*Trademark, Loctite Corp.
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APPENDIX A

SANDIA NATIONAL LABORATORIES-ALBUQUERQUE
MEMORANDUM, “MC2736 LOT SAMPLE FAILURE POSTMORTEM”






date:

Sandia National Laboratorles

August 8, 1990 Albuguerque, New Mexico 87186

1o R, P. Clark, 2522

from A, K. Jacobson, 2522

subsct:

¥C2736 Lot Sanmple Failure Postmorten

* An MC2736 thermal battery, lot $ daily lot sample 8/N 4422,

failed rise time and peak voltage at -25°C. The }C2736 is

manufactured at Eagle-Picher. A postmortem was conducted at
GENDD on Augqust 3, 1990. L

Participating:
Dave Pattison RP
Rick Pika GE
Dan 8gro GB

Al Jacobson SNL
The postmortem plan was to!
First review the data.

Review the xrays of the failed unit and others built
the sane day.

Make nmechanical measuremants of the failed unit and
cthers built the same day.

Disassemble the failed unit and two others vhich had
functioned normally.

Photograph all parts.
DATA

The rise time to 5 volts was 150 ms as compared to 110 to 120 ns
for normal units. The requirement is 200 ms to 5,0 volts and
300 ms to 8.2 volts. The battery voltage peaked at 7.5 v, thus
failing the peak voltage and rise time to 8.3 v. Typically, the
peak voltage is 10 to 12 volts at -23°C. The voltage trace was
free of noise and also remained above 5.0 volts for 1.2 seconds,
which was longer than most MC2736s tested. The percussion




R. P. Clark, 2522 wQe= Auguat 8, 1990

primer appears to have functioned properly as svidenced by the
d;ap dent in the primer cap and the normal start of voltage
rigs.

YRAYS

There wera two things noticeably different about S/N 4422 as
compared to other units assembled the same day.

1. The readily identifiable diffarsnce vwas 2
larger separation betwsen the cell heat
~pellets. Thers are seven cells in the MC2736
and even taking into account differences due to
parallax, the cells did not appear to be
stacked as tight.

2. Dan Bgro noted that the header was not seated
as far into the case. The normal closing forxce
is 228 +/- 2% 1bs.

EP has assaembled and tested one battery, 8/N
the battery functioned normally. The xray of
8/N 4411 looked the same as other normally
function units.

MECHANICAL MEASUREMENTS

The overall height was recorded for 8/N 4422 (failed) and two
normal units. :

8/N 4423 +5928 inches
8/N 4408 +5838
8/N 4408 <5847

The xray and the differsnce of 8.9 mils in height suggest that
the failed unit, 8/N 4422, had not been closed properly.

DISASSEMBLY
Three batteries, 8/N 4422, 8/N 4408, and 8/N 4409 vere
disassenbled, 8/N 4422 and 4408 had been tested at =25°'C. §/N
4409 had besn tested at 74°C. Pindings wers:

1. All bimetal discs vers assembled properiy.

2. There ware seven cells in each battery.




R. P. Clark, 2522 -3= August 8, 1950

3. All heat pellets had ignited. This was
nuggcatcd sarlier by the long life above 5.0
vVoits.

4, There were large areas of unreacted calocium on
four of ths seven anodes in 8/N 4422, Since
the heat pellets seem to have functioned, the
pre:ange of unreacted calcium suggests poor
gontacse.,

8/N 4408 also had some unreacted calcium in the
cell next to the primer. This night be
axpected as thers is no insulation at the ends
of the csll stack. The other six cells
appeared to be normal. ‘

5. The diameter of the encapsulant in the ragion
of the potting sprue was 0.906 inches. The
draving requirement is 0.875 +/- .002, It
appears the sprue had not bean removed
properly.

The ancapsulant is supposed to fit inslde the
Vespal cup. The cup ID drawing requirement is
0.888 + ,004 = ,000 inches. The encapsulant
would not fit inside the Vespel cup without
applying considerable force. There were marks
on the inside edge of the cup indicating that
perhaps most or all of the 225 1lbs closing
force was used to force the encapsulant into
the cup.

CONCLUSION

Our preliminary conclusion is that the battery was not closed
iioporly, resulting in higher than normal internal stack

pedance, causing the lowsr than normal voltage and
consequently falling the rise time.

ACTION

1. Measurse the ID of the Vespel cup on 8/N 4422
(We had not done this before I left GE).

2. Review all xrays for similar characteristics,

i.e.;, wide cell spacing and poor seating of the
header.
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3.

4.

5.

6.

Clark' 2522 o Auqu.t 8, 1990

If units are found in Paragraph 2 above,
nafura battery length, record and test at
=35C,

Screen all encapsulated headars remaining to be
assenbled,

Fabricate and test one or more units with
Rgero® ¢losing force.

Neasure battery height as a function of closing
force and correlats to functional data, if
possible.

I will issus an SIER requesting these measurements and tests be

done.

I will also contact Don Wright, 7222, and determine from

him if a revised sample plan is needed.
AKT:2%522:jan

Copy tot

4820
7424
7363
2522
4822

N. J. Magnani
D. L. Wright
J. N. Middleton
Day File

A. X. Jacobson




APPENDIX B

SANDIA NATIONAL LABORATORIES-ALBUQUERQUE
TRIP REPORT, “POSTMORTEM OF MC2736 FAILURES AT EP”






datal
to

from:

 subject:

Sandia National Laboratmies

A'buguerque, New Maxico 87188

August 16, 1990
R. P. Clark, 2822

Wt irlt Seobnon

A, K. Jac on, 25223

Postmortem of MC273¢ Failures at BP: Trip Report

Ref: Memo, A. K. Jacobson, 2522, to R. P. Clark, 2522,
dtd August 8, 1990, subject: MC2736 Lot Samplas Failure
Postmortan. ' :

The refersnced memo reported on a postmortem of a
MC2736 thermal battery at GEND. The battery had failed
to meaet peak voltage and rise time requirements during
a daily lot sample test at Eagle-Picher., The msmo
reported in the conclusion; the battary had net bsen
properly closed at final walding dua to a potting sprue
not being completaly removed whzch prevented the header
from seating properly.

As a continuing part of this investigation, Eagla-
Picher has repeated the failure in one of three MC2716
tests. A review of the production x-rays produced two
units with what appeared to be extra wide spacing
between the cells. §/Ns 4620 and 4621 were tested at
=35°C. Both units functioned satisfactorily. A third
unit, 8/N 4627, was assembled vith "zero" stack force
and tested at -25°C. The peak voltage was only 9.0 v
and the rise time was 200 ma to 5.0 v. The battery net
the psak voltage requirement of 8,2 v and the activated
life; however, the peak voltage is approximately 2.0 v
lower than average for the lot. The activated life was
also greater than 1.0 seconds, which was identical to
the falled unit. The typical life above 5.0 v is only
90 ms. The slow rise, low voltage, and what for this
battery is an abnormally long lifs, confirms that low
or "zaro" stack force caused the failure,

PERCUSSION PRIMER FAILURE

A second MC2736 thermal battery failure was experienced
at Eagle-Picher on July 3. The initial report stated
that the percussion primer in 8/N 4590 had failed to
initiate. The battery was & daily lot sample being
tested at =23°¢C and did not involve mechanical
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environments. The cause for this fallure has not been
deternined. The following potential problems were
itemized during the postmortem analysiss

i,

a.

3.

A visval examination of the battery did not
raeveal any obvious problems, except that the
tiring pin impact on the pr wvas off center.
The depth of dent made by the firing pin was
zore than adequate to fire the primer. The
primer seemed to have been inserted properly.
The test fixturs and adapter were designed by
GEND prior to Lot 8 production after the many
problems encountered in Lot 7. Tha tolerance
stack-up between parts is such that the adapter
which holds the battery in the firing fixture
has sons side-to-side movement which results in
& random off-center impact of the pin.

- Examination of other tested batterias which had

functioned properly showed the same off-center
impact in more than 75 percent of the cases.

Fifteen sach MC2736s tested on the centrifuge
using & MC2443 actuator were also examined.
The depth of dent in thegse 15 units is
considerably less and in some cases off-center
as wall. All 18 units function.

Eagle~Picher had x-rayed the battary/test
adapter assembly prior to removing the battery.
The x-ray showed a five to six mil gap between
the bottom of the battery and the adapter. The
battery is threaded into an adspter whiech
simulates the next assembly for testing. Wwe
were not able to determine a cause for the gap.
The dinensions of the adapter and the battery
are such that the battsry should always bottom
in the adapter. The only possibility is that
dirt in the threads prevented the technician
from threading the battery in far enough. The
1.0-56 fine threads are very difficult to keep
clean and threading into tast adapters and
fixtures has always been & problem.

S8am Mack, GEND, conducted a mechaniecal
inspection of the battery and found that the
threads were 0.025 inches longer than allowed
on the drawing and aiso the boss on the case
which houses the primer was 0.002 inches longer
than allowed. Neither of these two dimensions
could have contributed to the gap discussed
above, and also they could not have caused the
primer to fail., The firing pin has sufficient
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length and travel to overcoms thesas
discrepancies. The depth of dent in the primer
is confirmation.

4. X-rays taken of the falled battary after
renoval from the adapter showed that the primer
was slightly cocked in the primer pockat. The
primer anvil was bottomed in the pocket. The

riners are scrasned to a height of ,114/.118
ches at Mound. The primer pocket is
»108/.111 deep. The primer insertion tooling
is designed so that the prinmer is insarted inte
the pockat flush vith the top giving .002 to
.006 inchas of reconsclidation of the anvil
inte the primer pyrotechnic. The :i:inz pin
impact distorts the primer case making it
difficult to detarmine if the primer was
insarted flush to the top. There was nothing
to indicate that the primer was not flush or
that the reconsolidation was not satisfactory.

In suzmary, the threse conditions discussed above, if
ocourring together or in some combination, might cause
the primer to fail:

Firing pin impact off centar.

Improper assambly of the battery into the test
adaptar.

Primer inserted cocked.

Insufficient reconsolidation could alse be a cause for
zggnor fallure; however, the data avallable did not
icate this condition existed.

A matrix of six tests were conductad to determine the
possibility of a failure from the three conditions.
Batteries with cocked primers were scresned from the
lot production. The iay between battary and adapter
was sinulated by backing the batt out of the adapter
one and two full turns. Each turn is equivalent to
+018 inches. The off-caenter condition was ac lished
pushing the battery/adapter asssmbly to ons side of
the test fixture. All batteries were tasted at -28¢C,

All of the batteries tested with the "anomalies"
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function nermally. In other words we wers not abla to
duplicate the failure.

ACTION ITEMS ‘
The following action items were listed:

GEND is to reguest Zagla-Picher to screen all of
the remaining battery cases for correct prinmer
pockst haight.

Eagle-Picher is to test three units with the
conditions discussed above at =54°C. The purpose
would be to eliminats the possibility of a marginal
situation.

SNL, Division 2512, is to dissect the failed
priner.

SNL, Division 2822, is to contact Don Wright, 7222,

for a direction and a possibility of a larger test

There is the possibility that the WW42C1 percussion
primer will not give the desired rellability and that
random fallures are to be expected.

ART:2522:1b

Copy to:

2520 N. J. Magnani
2512 J. G. Harlan
7222 D. L. ¥Wright
7283 E. M. Austin
7253 R, A. Hanson
7262 re Ao Ross
7263 J. N. Middelton
2532 Day Pile

2522 A. K. Jacobson
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SANDIA NATIONAL LABORATORIES~-ALBUQUERQUE
MEMORANDUM, “MC2736 THERMAL BATTERY RELIABILITY”






date:

o

fom:

Sandia Nauonal Laboratorics

Albugquerque, New Medon 67188
September 3, 1990

A. K. Jacobson, 23522

AW 1Y

D. L. Wright, 722

'MC2736 Thermal Battery Reliability

Ref.: Memo, A. K. Jacobson, 2522, to R. P. Clark, 2522, Sbj. Postmortss
of MC2736 Failurs at BP: Tzip Report, dtd, 8/16/90.

The referencs documented two problems occurring in the MC2736 Lot 9
production. One output failure was concluded to be dus zo low closing
force caused by part interference. The completed batteries vera screensd
for this problem - nons wars found. This failurs will not be counred in
the rellabilicy assessment for the battery since the scrsming and rework
procedures are considerad to have been effectivs in removing this deface.
The second Lot § problem was dus to fxilure of the primer to setivate, No
single cause has been found for this fai{lure. The purpose of this memo is
to evaluate the effect of this falflure to asctivats on the MC2736
raliabilicy. '

The MC2736 is currently used in the W82, W76, W78, and W87 JUTA's to

activate the maln telemetry power supply. The NC2736 Ls activated by a

primer that is initlated by either the NC2443 or MCL996 g-davies. Twe

¥C2736's are used in parallsl to sctivate a single JTA powsr supply. The

!:10226 is used in & similar manmner for W62 and W87 Dol talemetazed
ights.

The MC2736 ls sctivated by the output of a WW2Cl primer. This primer has
been used in the MC2736 starting with Lot 7, zeplacing the oldsr M4IC
prizer. Thars had been ons failure of the M420 primer, in the lot 6 of
the MC2736, chat was ateribuced to impreper consolidstion of the primer
when it was insertad into the headar, The entire lot was %-Tay soreensd
to detect improperly installed primers, Thers have also bsso & mumber of
monitor problems with this bactery with 3 new monitor inmstalled bdeglmming
with Lot 8. During Lot 8 pilot produscion, thers wers several Battecy
failures dus to failure of the primer to ignite the heat pellets. In
these cases the primer had fired, although the asmount of sucpuc was
unknown, The primer activation syscem for testing was changed and tha
hest pallet ignition interfaca was {mproved with ne further failuzes
occurring., Thers wers no failurves during Lot & WR produstisn. The lot 9
primer failure, howsver, did not fire and {s the first zecordsd fallure of
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the WW42CL. The Refarence describes the investization that was unsble te
duplicate the failure or detsrmine the sxsct csuse. Ths Lot 9 preduction
has been halted,

Since a cause for the lot 9 primer fatlure has not hesa found, the
question is this lot acceptabls for WR sccaptance snd how does this
fallure affact the reliability assessment for the MC27367 Thexs have been
spproximataly 151 MC2736's tesced for THS and Daily Lot Sample in lots 7 -
9 that used the WW2CL primer with the one countable fallure. This
provides a poinc sscimate of 0.003 failure probability for this primer,
During the course of prsparing for the production of sach of thess lots,
another 307 batteries with the WW42C1 weze also £ired without a failure.
These combined data (1/458) indicate & primer fallure probability point
estimats of approximately 0.002.

The total failurs rate of the MC2736 is the sum of the falluze probability
of the primer to £ire and the fallure probability of the battary to be
iniziated by the primer output and provide the required output. The
Zallure of the battery to activate and provide the required output, gives
successful primer activation, can be estizmated f{rom the entire producticn
hiscory of the MC2736, Theze have basn spproximataly 344 lot sample and
TMS units tested in the § lots produced without & battery output faflure,
These data provids an estimated 0.002 failure probability (0/344 ot the
50% confidence level), Thus, the tozal fallure probability fox the ¥C2736
ean be calculated €6 be less than 0.007 (0.002 + 0.003) using the mere
conservative astimats for W20l primer fallure probability,  Assuming
redundant usa of the MC2736 in the JTA systsas, this MC2736 asssessed
fallure probability should have mo significant effect on the JIA systsa
zeliability. I recommend that lot 9 production and testing be continued
at the planned rate and Lot 9 be accepted for WR, sssuning no further
failures, based on the history of ths MC2736.

Copy to:

2520 N, J. Magpani
2522 R. P. Clark
7222 G. C. Novotny
7282 K. J. Melgaard
7323 R. A. Hanson
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