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NOTICE

when Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government procure-
ment operation, the United States Government thereby incurs no responsibility
nor any obligation whatsoever; and the fact that the government may have
formulated, furnished, or in any way supplied the said drawings, specifications,
or other data, is not to be regarded by implication or otherwise as in any
manner licensing the holder or any other person or corporation or conveying any
rights or permission to manufacture, use, or sell any patented invention that
may in any way be related thereto.

Presented herein this report are the results of shelf life tests of primary
reserve, automatically activated, magnesium anode batteries developed by
Eagle-Picher Industries, Inc. under F33615-69-C-1760 for an emissive expendable
electronic countermeasure device application. This testing consisted of
discharging batteries under simulated anticipated flight test use environment
following intervals of storage at various temperatures. The tests were conducted
by Messrs. G. H. Miller, C. T. Napier, and W. S. Sexton of the Air Force Aero
Propulsion Laboratory under Project 3145 and Task 314522 during the period
1 April 1971 through 15 July 1974.

Distribution Limited to U.S. Government Agencies Only; Test and Evaluation,

6 January 1975. Other requests for this document must be referred to AF Aero
Propulsion Laboratory, AFAPL/POE, Wright-Patterson AFB, Ohio 45433.

This report has been reviewed and is approved for publication.
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GERALD H. MILLER/GS-13
Project Engineer

FOR THE COMMANDER
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Technical Area Manager
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security considerations, contractual obligations, or notice on specific document.
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SECTION I
INTRODUCTION

Electronic warfare embraces the development of techniques and
devices for countering threat radars. Within this technical field is
the development of emissive expendable electronic countermeasures (ECM's)
as penetrating aids for aircraft. These aircraft ECM's, sometimes
called electronic jammers, are battery powered radio frequency transmitters
that deny, confuse, or alter radar information by intentionally interfering

with the RF signals.

In June 1969, Eagle-Picher Industries, Inc., under Contract F33615-
69-C-1760 began development of an automatically activated battery for a
particular jammer application. The resulting nominal 30 volt, 10 cubic
inch volume, magnesium anode battery demonstrated the required 10 minutes’
active discharge service life over most of the required environmental
conditions ranging from -40°F to +125°F and sea level to 40,000 feet
altitude. This development effort and the results of testing each of
the 75 final design batteries in their fresh (unstored) condition under
various loads and environmental combinations is described in the final
report under F33615-69-C-1760 (Reference 1). Each of the 25 final
design batteries under this contract were shelf-1ife tested at the Air
Force Aero Propulsion Laboratory (AFAPL), and these results are reported :

herein.

Reference 1. E.P. Broglio, A Low Temperature Miniature Automatically
Activated Magnesium Battery, AFAPL-TR-71-25, April 1971.
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SECTION 11
OBJECTIVE

The test objective is to determine the active discharge service
life capabilities of primary reserve, automatically activated, magnesium
anode battery, Eagle-Picher Industries Model LSP 2055, under simulated
aircraft ECM use environment following storage at various temperatures
for a given duration.
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SECTION III
SUMMARY OF RESULTS

The ability of Model LSP2055 and similar Model LSP2021 batteries to
perform in terms of activation, load voltage rise time, and active
discharge 1ife when discharged into a 30-ohm load while at -10°F and
20,000 feet altitude following storage at temperatures of 130°F, MOPE ;
and 70°F for 12 months and longer is summarized.

ACTIVATION

Battery Model LSP2055-S/N 222 failed by electrolyte lsakage before
storage, thus was not assigned to storage. Twenty-three of the total
24 stored model LSP2055 batteries successfully activated (19 automatically
and 4 manually assisted). Stored battery S/N 208 could not be activated.
Three of the manually assisted activated batteries and battery S/N 208
were stored at 130°F for 12 continuous months. The other manually
assisted activated battery was desk stored for 45 months. Both of the
Model LSP2021 batteries successfully activated, one automatically, the
other manually assisted, following over 72 months' desk storage.

LOAD VOLTAGE RISE TIME

Nineteen of the total 23 activated Model LSP2055 batteries reached
or exceeded 24 volts' load voltage within 10 seconds. Battery S/N 203
stored at 130°F for 12 months and battery S/N 249 stored at 70°F for 12
months reached 23.5 volts in 10 seconds. Battery S/N 207 stored at
130°F for 12 months took 4 minutes to reach 24 volts' load voltage while
battery S/N 239 stored at 70°F for 12 months reached 24 volts' load
voltage in 15 seconds. Both of the Model LSP 2021 batteries met their
specified 20 volts in 10 seconds.

3. ACTIVE DISCHARGE LIFE

Only seven of the total 24 stored Model LSP2055 batteries met the
10 minutes above 24 volts' service life requirement (none of the 7
batteries stored at 130°F for 12 months, none of the 7 batteries stored
at 110°F for 12 months, 6 of 9 batteries stored at 70°F for 12 months,
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and 1 of 1 desk stored for 45 months gave the required service 1ife).
Both of the Model LSP2021 batteries desk stored for over 72 months met

their specified life.

4, BATTERY FAILURE MODES
Only 7 of the total 25 model LSP 2055 batteries were operationally

acceptable. Eleven of the 18 failed batteries did so for reason of not
operating for the minimum of 10 minutes above 24 volts. These 11 battery
failures are related directly to high temperature storage. The other
seven failed batteries consisted of 1 battery leaking electrolyte, 1
battery not able to activate, 4 batteries requiring manual assistance to
activate, and 1 battery having excessively long voltage rise time. These
seven battery failures are mechanical in nature and not necessarily

related to the storage temperature.

T S S L



AFAPL-TR-75~16

SECTION IV
CONCLUSIONS

The major conclusions, with no statistical claims attached, of this
test program involving Model LSP2055 and similar Model LSP2021 batteries
discharged into 30 ohm Toad at -10°F and 20,000 feet altitude following
storage are:

1. High temperature storage degrades battery operating life, e.g.,

a. 7 of 7 Model LSP2055 batteries stored at 130°F for 12 months
continuously gave about 50% of the required 10 minutes’
discharge Tlife;

7 of 7 Model LSP2055 batteries stored at 110°F for 12
months continuously gave about 90% of the required 10
minutes' discharge life;

2. Room ambient temperature storage of about 75°F does not affect
battery discharge 1ife, e.g.,

a. 6 of 9 Model LSP2055 batteries stored at 70°F for 12

months continuously exceeded 10 minutes' discharge

life;

1 of 1 Model LSP2055 battery desk stored at room ambient
temperature for 45 months exceeded 10 minutes discharge
life;

2 of 2 Model LSP2021 batteries desk stored at room ambient
temperature for over 72 months gave their design operating
life.

3. Model LSP2055 and Model LSP2021 batteries appear capable of
withstanding more than 5 years room ambient (~75°F) storage and yet
activate and operate per their design specifications. The observed
nonsuccessful automatic activations appear mechanically correctable.

4, A general conclusion based on fresh battery performance
(Reference 1) and the shelf Tife test results reported herein is that
magnesium anode battery Model LSP2055 battery is a suitable power source
for aircraft ECM applications, while, however, acknowledging that important
considerations yet remain such as proper interfacing of the battery with
particular ECM device hardware and confirming battery reliability and
safety.
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SECTION V
RECOMMENDATION

It is recommended that magnesium anode battery Model LSP2055 be
considered a candidate power source for aircraft ECM applications wherein:

1. Only moderate levels of source power is required (e.g., nominal
24 volts and 1 ampere for 10 minutes or 0.5 amperes for 20 minutes).

2. The operating environment for the power source ranges from
-30°F to 75°F and up to 40,000 feet.

3. The withstanding environment for the power source ranges from
-65°F to +165°F and up to 80,000 feet and long term (>5 years) storage
at controlled temperatures (<75°F).

4. A battery volume of 10 cubic inches is tolerable.

5. A low cost battery is essential (Model LSP2055 battery produced
in quantities of 40 batteries/day is estimated using 1971 materials and
labor rates to cost $17.49 each).
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SECTION VI
PREVIOUS BATTERY DEVELOPMENT PROGRAM

ECM DEVICE VIEWPOINT
Power sources for aircraft expendable ECM's should, from an
ECM device point of view:

1. Physically fit into existing dispenser packages.

2. Operate generally (i.e., provide the proper current at
voltage for the specified time duration and under given
environmental contributions).

Operate after unattended storage of 3 years or longer.
Be reliable and safe.
Be available in large quantities at low cost (<$25.00).

2. ECM BATTERY VIEWPOINT
Translating the ECM device constraints into criteria for

selecting candidate electrochemical systems says that the electrochemical
system must:

1. Have current density and voltage characteristics to operate
the device,
Have specific energy density (watt-hour/cubic inch) capability
to fit into the given volume.
Be capable of yielding the current, voltage, and watt-
hour/cubic inch characteristics over wide environmertal
conditions.
Be insensitive to long-term unattended storage.
Be simple in design with nonhazardous components and
materials.
Be suitable for large quantity production by more than
one supplier.

BATTERY DEVELOPMENT F33615-69-C-1760

The development effort by Eagle-Picher Industries under
F33615-69-C-1760 was to provide a battery capable of fitting into any of
three different dispensers and supply a minimum 300 watt-minute capacity.
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some of the leading device requirements and details about the selected

electrochemical system, and features of the final design battery of this
development effort are summarized in Table 1,

Figures 1 and 2 are photographs of the final design, Model LSP2055
battery. Its operating logic, component drawings, and large quantity

production unit cost estimates are detailed in the referenced final
report (Reference 1).

The electrical performance capabilities of the
Model LSP2055 battery as determined by Eagle-Picher Industries tests of

75 each fresh (unstored) batteries under various loads at 40,000 feet
altitude is summarized in Table 2.

-
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SIN 215
DATE 1070

Figure 1. Model LSP2055 Battery
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TABLE 2
FRESH BATTERY PERFORMANCE

LOAD MINUTES LIFE ABOVE 24 VOLTS AT TEMPERATURE AND 40,000
FEET ALTITUDE
-40°F 0°F 35F  I5%F 125°F
30 ohms 16.2 1.7 115 9.5 4.0
45 ohms 22.7 2.0 177 13.5 2
60 ohms 25.2 2.7 23.2 17.5 10.1
4
12

i
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SECTION VII
THIS TEST PROGRAM

1. AS-RECEIVED BATTERIES

Each of the 25 Model LSP2055 batteries, manufactured in October
1970, received at AFAPL on 18 February 1971, were inspected and weighed
on 4 March 1971, and weighed about 160 grams, with no physical or
electrical abnormalities observed.

2. ASSIGNED TO STORAGE

On 19 April 1971, the batteries were assigned to storage groups per
Table 3. Battery S/N 222 was leaking electrolyte and thus not assigned.
Also, assigned to storage were two Eagle-Picher Model LSP2021 batteries.
These batteries (model LSP2021) are primary-reserve automatically
activated, magnesium ancde batteries, similar in most respects to Model
LSP2055 batteries and also designed for an aircraft ECM application.

TABLE 3
STORAGE GROUP ASSIGNMENT

Group A Group B Group C Group D
Group A Group B Group © Group D

12 mo at 130°F 12 mo at 110°F 12 mo at 70°F >3 years desk storage

s/N 202 S/N 210 S/N 232 S/N 244
203 213 234 LSP2021 - S/N 821
204 214 237 LsP2021 - S/N 6
206 218 240
207 220 © 241
208 222% 243
209 227 239
228 247
249

* | eaking, not assigned
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DISCHARGE SERVICE TEST ROUTINE

The discharge service test routine consisted of soaking individual
batteries for 25 minutes duration at -10°F and 20,000 feet altitude,
then activating and discharging the battery into a 30-ohm load while
at -10°F and 20,000 feet altitude. This service test routine simulates
a flight test environment for aircraft ECM's, wherein, shortly after
aircraft takeoff the ECM's are dispensed at 20,000 feet altitude and
their (ECM's) operation monitored. This routine was selected because it
seems to be more severe on battery activation and operation than is
soaking the battery for several hours at -10°F or lower temperature even
though this latter environment more closely simulates mission conditigp.
4. DISCHARGE SERVICE TEST RESULTS

Each battery was weighed when removed from storage. The before-
storage and after-storage weight measurements are given in Table 4.
Recall, all of the Model LSP2055 batteries were manufactured in October
1970, thus, were 6 calendar months old when assigned to storage. The

results of service test discharging the batteries following storage is
summarized in Table 5 and discussed next.

A. Group A (12 months at 130°F) ‘

Each of the seven batteries stored at 130°F for 12 continuous
months lost about 12 grams or 8% of their before-storage weight. This
weight loss is thought to be water from the eVectrolyte, evaporating
through the polyethelene bag holding the electrolyte and the plastic
case enclosing the electrolyte bag. O0f the 7 batteries, 3 automatically
activated, 3 required manual pull of stuck-keeper clips to activate, and
1 battery could not be activated. Of these 6 activated batteries, 5
were near or above 24 volts within 10 seconds, with battery S/N 207
taking 4 minutes to reach 24 volts' load voltage. None of the 6 activated
batteries met the 10 minutes above 24 volts' life requirement.

B. Group B (12 months at 110°F)
Each of the 7 batteries stored at 110°F for 12 continuous
months lost about 9 grams or 5.5% of their before-storage weight. This

14
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weight loss is also attributed to evaporation of water from the electrolyte
Each of the 7 batteries activated automatically and exceeded 24 volts'

Toad voltage within 10 seconds, but none of the batteries gave 10 minutes'
1ife above 24 volts even though they did operate longer than did the

Group A batteries. As per Tabie 5, load voltage of 35 volts was measured
within seconds after activation into the 30-ohm load.

Group C (12 months at 70°F)

As per Table 4 weight measurements, less than 1 gram weight
change was measured for batteries stored at 70°F for 12 continuous
months. Each battery automatically activated and was near to or above 24
volts within 10 seconds, excepting battery S/N 239, which took 15 seconds
to reach 24 volts' load voltage. Six of the total 9 batteries met the
10 minutes above the 24 volts' life requirement. Battery S/N 249
essentially had zero capacity above 24 volts, whereas the other two
failed batteries did give over 7 minutes' 1ife above 2% volts.

Group D (>3 years desk storage)

Battery Model LSP2055 S/N 244 Tost less than 1 gram weight
while being desk stored for about 45 months (October 1970 to 1 July 1974).
Automatic activation of S/N 244 was not successful, because the keeper
clip was stuck. Upon manually assisted activation, battery S/N 244
exceeded 24 volts' load voltage within 5 seconds and remained above 24
volts for 17.6 minutes. The other model batteries, Model LSP 2021 S/N's
6 and 821, appeared to have no significant weight change during their
desk-stored life of 73 and 74 months, respectively. (LSP 2021-S/N 6 and
S/N 821 were manufactured May 1968 and June 1968, respectively. Both LSP
2021 S/N 6 and S/N 821 activated, but S/N 6 required manual pull of its
stuck keeper clip. Both batteries performed nearly alike, i.e., they
reached 20 volts within 5 seconds after activation into a 30-ohm load
while under the service test routine of -10°F and 20,000 feet altitude,
and they gave 15 minutes’ service above 15 volts, 22 minutes above 13
volts, and over 30 minutes above 10 volts. This activation, voltage-
time response, operating life, and capacity, meets the design requirements
and shows no degradation as a result of over 5 years' storage at room
ambient.
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5.  INFLUENCE OF STORAGE TEMPERATURE ON BATTERY FAILURE

A. A battery power source for ECM devices is considered failed if
it does not operate the device because it (battery) didn't activate or
reach proper load voltage, or if it does not operate for the minimum
required duration. Failure to activate is an absolute failure for there
is no chance of operating the ECM. Failure to achieve proper load
voltage in the given time may be critical if voltage rise time greatly
exceeds 10 seconds (e.g., minutes). Lastly, if active discharge service
life is much less than the minimum 10 minutes the ECM may be functionally

ineffective.

B. The mode of failure for the 25 each Model LSP 2055 batteries
is given in Table 6 in terms of failure to operate (Type A failure) and
failure to operate 10 minutes (Type B failure). Regarding Type A failure
(i.e., failure to operate), battery S/N's 222 and 208 are absolute
failures for they possibly cannot operate the ECM. Storage at 130°F
for 12 continuocus months may have contributed to battery S/N 208's
failed activation system. Storage temperature is not, however, thought
to be the cause of the 4 batteries' needing manual assistance to activate
because, as per Table 6, batteries stored at 130°F and at 70°F had
stuck keeper clips, and this problem appears to be purely mechanical.
The greater than 10 seconds' voltage rise time may be due to combined
mechanical and electrochemical faults in the activation sequence and not
necessarily influences of storage temperature; as per Table 6, batteries
stored at 130°F and 70°F exhibited long voltage rise times. Regarding
type B failure (i.e., failure to vperate 10 minutes), storage temperature
indeed influences battery operating 1ife, since all of the batteries
stored at 110°F and 130°F failed to give 10 minutes' service life,

~ whereas batteries stored at 70°F did demonstrate 10 minutes' life.

. Notice in Table 7 that Group A batteries stored 130°F for 12 continuous
months gave about half the required service life, Group B batteries
stored at 110°F for 12 continuous months gave about Y0% of the required

5 life, and almost all of the Group C batteries stored at 70°F for 12

| continuous months exceeded the life requirement, as did Group D battery
S/N 244 desk stored for 45 months. The weight data of Table 4 shows

18
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TABLE 7
MODEL LSP2055 BATTERY DISCHARGE SERVICE LIFF

Minutes

2 24 Volts

Group A

{130°F for
12 mos)

Group B

(i.10°F for
12 mos)

Group C

Group D

(70°F for
12 mos)

({Desk Storage
>3 years)

203, 206

202, 204, 209

{Unacceptable Life)

213, 227
218, 228

210, 214, 220

249

(Acceptable Life)

232, 234, 247
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Group A and Group B batteries lost weight probably in the form of water

evaporation from the electrolyte, resulting in a more acid electrolyte,

which, in turn, increases internal heating during discharge and shortens
discharge life.

C. Notice in Table 6 that battery S/N 249 failed to reach voltage
and failed to give 10 minutes' life. Even though this battery failed
two criteria it can be considered as failed only once. In practice,
battery S/N 249 is considered failed because it took 4 minutes to reach
24 volts load voltage and not because it gave less than 1 minute life
above 24 volts. Other batteries of Table 6 also failed several criteria
but in Table 8 are considered as failed only once. This Table 8 shows
that only 7 of the total 25 batteries are operationally acceptable. Of
the 18 failed batteries, 7 batteries failed to operate (Type A failure)
and 11 failed to operate (Type B failure) sufficiently long. The Type A
failures appear to be mechanically caused, while the Type B failures are
due to high temperature storage for 12 continuous months.
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TABLE 8
MODEL LSP2055 BATTERY FAILURE SUMMARY

Total Issued 525
: . : : leaker (S/N222)
minus outright failures: :_z_(not activated (5/N208);
Total activated batteries 323,

minus manual-assisted activated batteries: -4 (S/N's 203,
207, 209, 244);

Total auto-activated batteries 519,

minus >10 sec. voltage response: =1 {S/N 249)

Total activated to voltage batteries__ I8

minus <10 minute 1ife: -11 (S/N's 202, 204, 206, 210,
213, 214, 218, 220,

227, 228, 237)

TOTAL OPERATIONAL BATTERIES —> 7

22
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APPENDIX

_“—-u--—"_

|
|
_L_ Test Battery at| ‘
-
! ~10°F

j' 20,000 Feet

Shunt
1 Bmp
50 Mw
+0.02%

—_

-

|
30 OHM Load |

|

]

|

|

l

I

I

W7

Hewlett Packard Model | | i

7100B Strip Chart |
Recorder Altitude-Temperature Chamber

Tenny Model 27ST {

SERVICE TEST DISCHARGE CIRCUIT

R
TR

Other Instrumentation:

e Weight Right-A-Weigh, 200 gram capacity, william Ainsworth & Sons

e
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