
,=

lulilllil-11!II





Distribution
UC-700

SAND91-2845
Unlimited Release

Printed October 1993
t

e

CHARACTER]ST]CSANDDEVELOBIEITrREPORTFORTHE T1576 POMERSUPPLY
ANDTHE MC3935BATTERY

Paul C. Butler and Carl E. Robinson
Storage Batteries Division

Sandia National Laboratories
Albuquerque, NM87185-5800

Abstract

This report describes the requirements, designs, performance, and
development histories for the T1576 power supply and the MC3935rechargeable
battery. These devices are used to power Permissive Action Link (PAL)
ground controllers. The T1576 consists of a stainless steel container, one
SA3553 connector, and one MC3935battery. The MC3935 is a vented
nickel/cadmium battery with 24 cells connected in series. It was designed
to deliver 5.5 Amp-hoursat 25#C and the one-hour rate, with a nominal
voltage of 28 V. The battery was designed to operate for 5 years or 500
full charge/discharge cycles. The power supply is expected to last
indefinitely with replacement batteries and hardware.
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INTRODUCTION

D

" This report describesthe developmentand characteristicsof the T1576 power
supply. It is used to power PAL (PermissiveAction Link) ground controllers.
The T1576 (P/N 368509)consistsof one MC3935 (P/N 410083)nickel/cadmium
battery,a stainlesssteel container(P/N382196),and one SA3553 (P/N 411293)
connector. This equipmentwas designedto replacethe aging T436B (P/N 338991)
PAL power supply and MC1605C (P/N 319222)battery. Developmentof the MC1605
and MCI605Bwas describedin earlierreports(I, 2).

The primarygoal of the T1576 developmentprojectwas to design a power supply
that was capableof storingmore energy than the MC1605 in the same weight and
volume. Other key objectiveswere to design a batterythat was simple,easy to
maintain,and able to providepower over a wide temperaturerange. An adequate
level of electromagneticinterference(EMI) shieldingwas also desired.
Finally,long life and low purchasecost were additionalobjectives.

After a review of availablebatterytechnologies,the vented nickel/cadmium
systemwas selectedas best able to satisfythe majorityof the application
requirements. Eagle-Picher(EP),ColoradoSpringswas chosen as the industrial
developerthrougha competitiveprocurement. Prototypeswere built by EP and
evaluatedat Sandia. Allied SignalAerospace,KansasCity Division (Bendix),
assumedproductionresponsibilityfor these components. The first production
units (FPU) of the T1576 were deliveredon scheduleon March 31, 1988.

The T1576 was designedto be chargedin the field by the T1577 (P/N 368510)
batterychanger. The T1577 was developedin parallelwith the T1576 by the
Commandand ControlDivision (5126). A separatereport describesits
developmentand characteristics.The T1576 may also be charged by the T431A
(P/N331323) batterycharger/monitor,but due to its poor charge control
features,this is not recommended.

In this report,the design requirementsof the T1576 and relatedcomponentswill
be reviewed. This will be followedby a descriptionof the power supply
characteristics.A summaryof the historyof the developmentprojectwill be
included. Resultsof tool made sample (TMS)testingwill also be presented.
Finally,life and performancetestingconductedat Sandiawill be reviewed.
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T1576 DESIGNREQUIREMENTS

The T1576 is used by the Armed Forceswith eight differentPAL ground
controllers. The controllersare the T1533/34/35/36/39/54/55/63.It will also
be used with severalnew controllerspresentlybeing developed.

o

° The specificrequirementsfor the T1576 were developedjointlyby the Command
and ControlDivisionand the StorageBatteriesDivision. They are documentedin

• CompatibilityDrawingCD368509 (AppendixI). The primarydesign objectivesare
4

summarizedin Table I. The batterymust operateduring dischargeover the range
of 26.8-33volts. A key requirementwas for the unit to dischargebetween-40
and 71°C. The minimumcapacitywas initiallyspecifiedas 2.6 Ah at 25°C and
the one-hourrate. The minimumcapacityrequirementwas later changedto 5.5
Ah. A low self-dischargerate and long shelf and operatinglives were required.
A minimumof batterymaintenancewas a high priority. The environmental
(mechanicalshock, vibration,humidity,temperatureshock, etc.) requirements
were selectedto match those of the controllers. EMI shieldingspecifications
were set throughdiscussionswith the ElectromagneticTestingDivision (7555).

These requirementswere used to preparethe ProductSpecification(PS). It is
attachedas Appendix2. Includedin the PS are details for electricaltesting,
environmentaltesting,and visual inspectionof productionunits. All batteries
must pass a 30-day charged-standtest. Samplesare chosen For Engineering(E)
and Destructive(D) tests. All batteriesmust pass the applicablePS tests
before a lot of batteriesis accepted. The PT3515 tester,built and maintained
by searchand change everywhereto Allied Signal,Kansas City Division,the
approveddevice for acceptancetestingof this product. Allied-SignalAerospace
also suppliedthe GA8556 gauge for dimensionalacceptanceof the T1576 stainless
steel container.

T1576 CHARACTERISTICS

The T1576 is illustratedin Figure I. It consistsof a stainlesssteel
containerand cover, one MC3935 battery,and one SA3553connector. The
containeris 31.2 cm (12.3 in.) long, 18.8 cm (7.4 in.) wide includingside
brackets,and 14.0 cm (5.5 in.) high to the top of the connector. The weight of
the T1576 is approximately9.5 kg (20.9 Ibs). The containerand cover are built
by EP, and are made of .050 inch thick type 304 stainlesssteel. The cover is
attachedto the containerwith a hinge that is welded to both parts. A neoprene
gasket in the cover contactsthe top of the batteryand holds it in place. A
conductivegasket,also in the cover, insureselectricalcontinuitybetweenthe
cover and containerand providesoptimum shieldingeffectivenessfor the T1576.
The exteriorsof the containerand cover are sand blastedto enhancetheir
appearance. A rope handle is used to carry the power supply.

The SA3553connectorconsistsof a stainlesssteel shell,to resist corrosionby
a the batteryelectrolyte,a 13-4S insert,and a captivecover. Solder cups attach

four leads to the back of the connector. The back of the connectoris
encapsulatedwith Hysol to protectthe solderjoints mechanicallyand to prevent#

corrosion. The battery-endsof the four wires are crimpedto flag terminals.

Please note on Table I, the T1576 power supply includesMC3935 battery, a
batterycontainer,and a connector.



TABLE1
T1576 Power Supply and

MC3935Rechargeable Battery Design Requirements

Parameter Desiqn Reauirement*
q

Voltage Range 26.8 - 33, nominal 28 V •

Battery Weight (maximum) 12 lb (5.4 kg)

T]576 Weight (maximum) 20 lb (9.1 kg)

Battery Volume (maximum) 0.3 ft 3 (8.5 liters )

T1576 Volume (maximum) 0.5 ft 3 ()4.2 liters )

Temperature Range -40 to 160"F (-40 to 71°C)

Capacity (minimums)
initial @250C 2.6 Ah @-] hr rate, load=J5 + 2 ohms

initial @ -40°C 0.8 Ah @-] hr rate, load=15 ± 2 ohms

Peak Current ]2 A for 200 msec

Charged Storage Capacity 1.0 Ah @-I hr rate @ 25°C
(minimum) load = 15 ± 2 ohms , after 30 days

@43°C (llOoF) open curcuit

Operating Life (minimum) 500, 100%DODcycles or 5 years

Shelf Life IO years - no tricklecharging

Environmental Requirementsfor temperatureand
mechanicalshock, vibration,electro-
magneticradiation,and nuclearradiation.

Shielding(container) 50 dB at frequenciesof 100 kHz-200MHz

Maintenance Minimal,except rechargeand periodic
completedischarge,if necessary

Duty Cycle Each operation" I A-min at variousrates
- 60 operationsrequiredper charge (1Ah)

RechargeTime Max. 8 hours @ 25°C - goal" 4 hours

* Refer to latest versionof CD36850gfor presentrequirements.
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MC3935 CHARACTERISTICS

The MC3935 vented nickel/cadmium battery consists of 24 series-connected cells.
The cells are taped together into a unit. Figure 2 shows the MC3935 batLery. A

• single cell is illustrated is Figure 3. The electrochemistry of the
• nickel/cadmium couple is described in several reference books (3, 4, 5),

• Each cell has a rated capacity of 5.5 Ah at 25°C and the one-hour rate. [ach
" contains 10 positive (nickel) plates and 10 negative (cadmium) plates, lhe

electrodes are made of nickel using the dry-sinter process. Vacuum impregnatioT_
is used to load the active materials on the electrodes. The precise electrode
and plate manufacturing processes are considered proprietary by EP and are noL
specified in the drawing package. The plates are separated by two layers of
nylon around one layer of Celguard. The cell case and cover material are nylon.
A thermal fusion bonding technique is used to seal the cover to the body of lhe
cell case. Nickel tabs are welded to each plate, and then all positive tabs and
all negative tabs are respectively welded together. The appropriate Labs are
then welded to the positive and negative cell terminal studs.

The cells contain approximately 30 milliliters of 30 wt.% potassium hydroxide
electrolyte. Periodically, deionized or distilled water must be added to the
cells to maintain a sufficient amount of electrolyte to cover the plates.

Table 2 summarizes the chemical constituents of the MC3935 and MC1605 batteries.

TABLE 2
Chemical Constituents of MC3935 and MC1605 Batteries

CHEMICAL QUANTITY NOTES
MC1605 MC3935

Potassium hydroxide 330 mL 720 mL Liquid is absorbed by
KOH, 30 wt% solution, electrodes when battery
specific gravity=I.3 is discharged.

Nickel 0.9 kg 2.7 kg Electrode substrate
Ni and hardware.

Nickel hydroxide 0.3 kg 0.9 kg Positive active
Ni(OH)2 material.

Cadmium hydroxide 0.3 kg 0.9 kg Negative active
Cd(OH)2 material.

The balance of these batteries is plastic.

11



FIGURE 2, MC3935 NI/CADMIUM BATTERY, 24 CELLS IN SERIES
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MC 3935 CELL DESIGN

CONDUCTOR
ELECTROLYTE ..........._, _x

SEPARATOR

FIGURE 3, ILLUSTRATION OF THE MC3935 SINGLE CELL
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DEVELOPMENTHISTORY

The need to replacethe aging 1436B power supplyand MC1605 batteryhad long
been recognizedby the Armed Forces. Numerousproblemswere encounteredin the
field with the T436B components. The MC1605 cells were prone to crack and leak

- electrolyteresultingin short life. The cells were rated at 1.3 Ah, a
" relativelylow capacityfor the PAL application. This characteristicresulted

in frequentbatteryrechargingand watering. The MC1605 had severaldesign
"_ featureswhich complicatedmanufacturingand increasedproductcost. The

batterycontainerwas coatedwith a non-conductiveepoxy which was very
difficultto apply. A specializedelectricalcable connectedthe batteryto the
MC1676 interconnect/fusedevice in the T436B. This cable was extremelycostly
and difficultto manufacture. The MC1676 itselfwas an additionalcost item,
and blown fuses were occasionallya sourceof trouble. Becauseof the low
capacityof the MC1605,two batterieswere used in parallelin the T436B. Any
imbalancein the two batteriesresultedin blown fuses and additional
maintenancerequirements.

During the late 1970's,severalstudieswere conductedin an attemptto
determinewhich electrochemicaltechnologieswould best meet the PAL controller
requirements. In 1984, at the requestof the Departmentof Energy,Albuquerque
OperationsOffice, the Commandand ControlDivisionsolicitedthe designof a
new power supplyand batteryto replacethe T436B and MC1605. The Storage
BatteriesDivision (2525)was assignedto respondto the request. A project
plan was developedand acceptedin March 1984. Table 3 presents a summaryof
the key dates during the developmentproject.

Initially,a thoroughreview of availablebatterytechnologieswas performed.
Appendix3 presentsa memo which summarizesthe review processand results.
Table 4 summarizesthe advantagesand disadvantagesof each batterytype
considered.

Four candidateswere selectedfrom this list for furtherstudy. Of the four,
three were rechargeable"sealedand ventednickel/cadmium,sealed lead-acid;one
was non-rechargeable(primary)"lithium/sulfurdioxide. While the vented
nickel/cadmiumtechnologywas proven in the MC1605, it was also the cause of
severaloperationalproblems(,bservedin that battery. Several improvements
were suggestedfor a new batteryrelativeto the MC1605, such as increased
capacity,improvedseparators,and nylon cell cases.

The sealednickel/cadmiumbatteryofferedthe promiseof very little
maintenance. However,this system sufferedfrom poor capacityat low
temperatureand also had relativelypoor capacityretentionduring charged
stand. Sealed lead-acidbatteriesalso would have requiredlittlemaintenance,
but had the disadvantageof poor shelf life withoutperiodicrechargeand poor
high-dischargerate performance.

The lithiumnon-rechargeablebatterywas consideredbecause it could meet most
of the requirementsif enough parallelstringswere includedin the design.
However,on a life cycle cost basis, this technologywas not competitivewith
the rechargeabletypes if the batterieswere heavilyused, i.e., dischargedmore
than a few times a year. Since the batteriesreceiveheavy use in training
exercisesand in recodingoperations,this optionwas not economically
promising.

15



 DEVELOPMENT HISTORY

COMPONENT REQUEST 1/84
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TABLE4
ExtendedCandidateBatteryList for MC3935

KEY ISSUES
TECHNOLOGY ADVANTAGES DISADVANTAGES

. Flooded lead-acid Long-Life Poor high rate perf.
• Low Cost Maintenancerequired

High cell voltage Poor portability

• Sealed lead-acid No maintenance Poor high rate perf.
High cell voltage Poor cycle life

Short shelf Iife

Flood nickel/ Good low temp. perf. Maintenancerequired
cadmium (sintered Good charge retention
electrode) Good high rate perf.

Sealed nickel/ Good high rate perf. Short charge retention
cadmium (sintered No maintenance Long rechargetime
electrode) Good low temp. perf. Cells can't be reversed

Floodednickel/ Mod. high rate perf. Maintenancerequired
cadmium(pocket Long life-shelf& active Very poor portability
plate) No memory effect Mod. low temp. perf.

Stationaryapplication
Built >10 Ah capacities

Nickel/iron Long shelf-life& active Poor low temp. perf.
Withstandsabuse Poor high rate perf.

Very poor portability
Extensivemaintenance
Poor charge retention

Nickel/zinc Good high rate perf. Very poor cycle life
Good portability Poor charge retention

Maintenancerequired
Difficultto charge

Silver/zinc Good high rate perf. Long charge times
Good portability Very poor cycle life

Poor shelf life
Poor low temp. perf.

Silver/cadmium Good high rate perf. Poor low temp. perf.
Good portability Poor cycle life

Poor shelf life
High cost
Long charge times

Nickel/hydrogen Long life Very poor portability
' High reliability Poor charge retention

Poor low temp. perf.
Very high cost

17



TABLE 4
ExtendedCandidateBatteryList for MC3935 - cont.

KEY ISSUES
TECHNOLOGY ADVANTAGES DISADVANTAGES

Lithium/sulfurdioxide High voltage Mod. high rate perf. '
primary Maintenancefree Extensivesupply system

No charger needed "
Long shelf life Uncertainlife cycle
Good portability cost

Alkalinemanganese Good portability Mod. high rate perf.
dioxideprimary Maintenancefree Extensivesupply system

No charger needed
Short shelf life
Mod. low temp. perf.

Mercury/zincprimary Long shelf life Disposalproblem
Silver/zincprimary Maintenancefree Mod. low temp. perf.

No charger Small sizes only
Good portability Susceptibleto shock

High cost

18



Simultaneouswith the review of possiblebatterytechnologies,an advertisement
was placed in the CommerceBusinessDaily (CBD) notifyingindustrialfirms of
the T1576 and MC3935 developmentproject. Approximately20 firms respondedto
the ad. A Requestfor Proposal (RFP)was then issuedto these firms with an
outlineof batteryrequirementsand the developmentplans. Proposalswere

• receivedfrom two divisionsof Eagle-PicherIndustries;one in ColoradoSprings
' and one in Joplin. ColoradoSpringsproposedan improvedvented nickel/cadmium

batterywhile Joplin proposeda sealed nickel/cadmiumbattery. Followinga
technicalrating of the proposalsand the reviewof the possiblebatterytypes
describedabove, the ColoradoSpringsproposaland the vented nickel/cadmium
technologywere selectedfor this project. The selectionwas based on the use
of the best electrochemicalsystemfor this applicationand a competitive
proposalfrom the contractor.

A developmentcontract (P.O. 51-1417)was placedwith EP in August, 1985. Its
period of performancewas 2 years. The contractStatementof Work is included
in Appendix 4. The contracttasks includedcell design,containerdevelopment,
prototypefabrication,designoptimization,final prototypefabrication,and
documentation.

The orignal EP design proposalfor the T1576 consistedof a steel batterybox
inside a fiberglasscontainer. Becauseof the low probabilityof damaging
mechanicalshock and the desire to minimize cost, weight, and volume,a single
steel box was chosen as the container. However,to maintain the option of using
the outer fiberglasscontainerif it were ever deemednecessary, it and the
specialconnectorsrequiredfor its use were designed. The power supply
includingthe fiberglassbox was designatedthe T1581 (P/N 368522).

Two specialconnectorswith stainlesssteel shellswere developedfor the
fiberglasscontaineroption. The SA3478 (P/N 410876)was designedto mount on
the fiberglassouter box while the SA3479 (P/N410877)was to mount on the inner
stainlesssteel container. The two connectorswere designedto mate when the
lid of the fiberglasscontainerwas closed. When the containerdesign was
changedto the single steel box, the SA1671-11(P/N359040) connectorwas
considered. It met all of the applicationrequirementsexcept that it contained
butt-weldedcontacts. Solder cups were desiredfor the T1576 for reasonsof low
cost and simplicity. Thus, the SA3553 was designed for this application. It
was configuredwith a stainlesssteel shell, to resist corrosionby the caustic
electrolyte,a 13-4S insert,and a captivecover.

In late October, 1985, the Commandand ControlDivision slightlymodified the
requirementsfor the T1576. The modificationsincludedthe additionof EMI
shieldingrequirementsdescribedin Table I. Also, the abilityto installtwo
MC1605 batteriesin the T1576 stainlesssteel containerwas required. With two
MCI605s in the containerinsteadof the MC3935,the power supply is designated
the T436C (P/N 368521). This componentis describedin Appendix 6.

' With these changes in the design requirements,the developmentprojectwas
delayed slightly. A prototypecontainerdesignwas proposed in May 1986, which

0 satisfiedthe revisedrequirements. The MC3935 batterywas held in the steel
containerwith plasticshims and the compressiveforce of the cover gasket. The
abilityto firmly hold the batteryin place was important. As these cells age,
the electrodes,or plates, insidethe cells tend to swell. Without a rigid
container,the plates will eventuallygrow large enough to burst the cell case.
Therefore,the batterywas intendedto be tightlyheld in the container.

19



The MC3935 batterydesign was based on an existinghardwareused by EP in other
products. A cell design (designated"5A06"by EP) was modified by using one
layer of Celguard in place of cellophanein the separator. The original EP
proposal indicatedthat the activematerialwould be loaded on the electrodes
using a new processcalled electrochemicalimpregnation. However,prototype
cells were fabricatedand tested and found to performpoorly. Therefore,the
provenvacuum impregnationprocesswas insteadselectedfor this product.

Once the containerdesign was establishedand the cell fabricationmethod was
selected,six T1576 prototypeswere built at EP and sent to Sandia for
evaluation. They arrivedat Sandia in November,1986. The power supplieswere
electricallytested to verifyproper capacity. Severalof the planned Product
Specification(PS) acceptancetests were run to determineif the batteriescould
pass the proposedtests. One of the batterieswas subjectedto extreme
mechanicalshock tests to determinethe survivabilityof the container. One
prototypecontainerwas evaluatedfor the effectivenessof the EMI shielding.

During initialtests of the first group of prototypes,a significantdecline in
capacitywas observedafter severalcharge/dischargecycles. This loss was
relatedto inadequatecharging. EPI and others were consultedconcerning
optimizedchargingprocedures. A modifiedprocedurewas selectedand proven to
be adequatein tests with the prototypes. This method representeda compromise
betweenprovidingfull batterycapacityand the extra undesirablemaintenance
(cellwatering)needed when significantoverchargewas appliedto a battery.

Severaltests describedin a draft of the ProductSpecificationwere run on the
prototypesduring the charge optimizationstudiesdescribedabove. The
batteriesmet the requirementsof the constantresistancedischargetest, low
temperaturedischargetest, high temperaturestand test_ and a shortenedversion
of the 30-day stand test. Becauseof the reduceddischargecapacity noted
above, the batteriesdemonstratedless capabilitythan was expected. However,
the requirementswere still satisfied.

One batterywas put througha seriesof mechanicalshock tests. The initial
shock requirementswere based on general,worst case expectationsfor handling
of portableequipment. The tests were designedto simulatea 48-inchdrop onto
a concretesurface. The power supplywas droppedon six sides using a shock
table. It was also droppedby hand on the connector(top of the container)to
simulatea worst case situation. While the batteryand connectorsurvivedthese
shocks,the stainlesssteel box was damaged. The integrityof the EMI shielding
was compromised,althoughthe lid of the box could still be forced to a closed
position.

Based on these results,the mechanicalshock requirementswere revised. It was
determinedthat the shock specificationsfor the PAL controllerswere applicable
to the power supply. The physicalenvironmentsfor controllersare specifiedin
SB343825. The drop test was changedto one, 36-inchdrop on the container
bottom accordingto the requirementsof this document. Shock table tests were s
redefinedto consistof 3, 150 g shocksfor 1.7 msec. One shock each would be
performedin the directionof the three axes of the batterycontainer(see
Appendix 2, Figure I). This test is very similarto the requirementfor the
MC1605C battery (PS319222).

20



A prototypestainlesssteel containerwith two MC1605Cbatterieswas evaluated
to determinethe effectivenessof the EMI shielding. The test data indicated
that excellentshieldingeffectivenesswas providedby the container.

Followingresolutionof the chargingand shock test specifications,EP
• fabricatedthe final 12 prototypeT]576 power supplies. These units were
, deliveredto Sandia in April 1987. A Tool Made Sample (TMS)test plan, prepared

by the ElectromechanicalStructure/TPVQualityAssuranceDivision (7253)was
- implemented. The plan was based on the PS (Appendix2). Although the margin of
• passingcertaintests was not as large as anticipated,the TMS plan was

successfullycompletedwithouta failure. The PS was modified slightlyto
accomodatethe reducedperformanceobservedin these tests.

The CompleteEngineeringRelease(CER)was issued in September,1987. EP began
productionof the first productionlot of the T1576 at that time. This lot was
acceptedand shippedin late March, 1988. This date satisfiedthe program
schedule,and was only three months later than the first estimatemade in mid-
1984.

Simultaneouswith the fabricationof this lot, Sandia prepareda technical
manual for use by the Armed Forceswhich describedthe maintenanceand operation
of the T1576. An issue developedconcerningthe ease of removingsingle cells
from the T1576 for replacement. Althoughthis capabilitywas never specifiedin
the CD, it was requestedinformallyafter the design of the T1576 was completed.
The economicbenefitof replacingindividualfailedcells and continuingto use
the remainingcells was obvious. Becauseof the need to tightlyrestrainthe
cells during use (see above),removingcells was not intendedto be easy. After
considerablediscussion,a cell pullingtool, simplymade from fabricand brass
eyelets,was acceptedfor use. All maintenanceprocedureswere proven and
documentedin TPT 1576-2.

Evaluationof severalT1576 units continuedat Sandia to determinetheir useful
life. These data will be discussedin the Test and Evaluationsection.
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TEST ANDEVALUATION

Prototype Testing

• Tests were conductedon six prototypeT1576 batteriesshipped to Sandia in the
, Fall of 1986. The objectiveof these evaluationswas to verify the rated

capacityof the batteries. In addition,batteryperformancewas determined
. using the proposedproductacceptancetests.
i

Initialelectricaltests run on the prototypesconsistedof 12 cycles of charge
and discharge,using the EP-recommendedcharge regime,and a 3 A constant
currentdischarge. The preliminaryrecommendedcharge profilewas a constant
currentcharge of 3 A to a voltagelimit of 37.2 volts. Chargingthen switched
to a constantpotentialmode at 37.2 volts, and the currentwas allowedto
taper. Total charge time was limitedto 3 hours. When this test was
implementedat Sandia on the prototypes,availablebatterycapacitydeclined
drasticallyduring the 12 cycles. See Figure 4 for a plot of capacity versus
cycle number. This declinewas tracedto a correspondingdrop in charge
acceptance. These data strongly indicatedthat the MC3935 batteriesrequireda
differentchargemethod. Followingthe 12 cycles,full batterydischarge
capacitywas not recoveredby a singlecompletedischarge. Full capacitywas
recoveredonly after severalcycles and a constantcurrentovercharge(cycles
17-21)appliedto the batteries.

A modifiedcharge regimewas developedbased on recommendationsfrom EP, Sandia,
and othr_s. It consistedof a 5 amp, constantcurrentcharge until the battery
voltag_reached37.4 V, or a maximumof 2.5 hours. Then, the charge was
continuedat 1.5 amps for I hour, or until the batteryreached41V.

The 12-cycletest regimewas repeatedon a batteryfrom the same group, using
the modifiedcharge regimedescribedabove. This battery'sperformanceis shown
in Figure 5 for two consecutivesets of 12 cycles. The batterywas completely
dischargedand shortedout for 24 hours betweeneach set. In this case, the
dischargecapacity initiallydeclinedand then stabilizedat acceptablelevels.
This performancewas comparableto that observedwith the MCI6OSBwhen tested
under similarconditions. A plot of voltage,current,and temperaturefor a
typicalcycle with the improvedcharge regime is includedin Figure6.

Some of the proposedacceptancetests were copductedon these batteries. The
resultsof the tests are presentedin Table 5.

23
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TABLE5
T1576/MC3935 Preliminaw-TMS Test Results

PS PARA:3.].! 3.2.1 3.2.2 3.2.3 3.3.1 3.3.2 3.4.1 3.4.2 3.4.3

• NAME 30-DAY ROOM -35 C HIGH TEMP. VERY HUMIDITYVIBRA- SHOCK
' STAND TEMP. DISCH.TEMP. SHOCK HIGH TION

DISCH. STAND TEMP.
" PRELIMINARYACCEPTANCECRITERIA

MIN. 20 110 40 110 110 110 110 110 110
Ah 4.1 5.5 2.0 5.5 5.5 5.5 5.5 5.5 5.5
BATTERIES-SNLID#/EPSERIALNUMBER

930/I - 146 64 ......
7.3 3.3

933/4 - 138 56 122 - 72 - - -
6.9 2.8 6.1 3.6

935/5 - 134 ..... 118 112
6.7 5.9 5.6

936/6 - 140 - - - 86 - - -
7.0 4.3

- Denotesno test.

Based on these results,the acceptancecriteriaof severaltests were revisedto
providemore realisticcriteria,while still satisfyingthe performance
specifiedin the CD. Any test which involvedelevatedtemperaturewas
determinedto have a significanteffecton dischargecapacity,and the
acceptancecriteriawere reduced. None of the 30-day stand tests were run at
this point due to the amount of time involvedin this test.

TMS Testing

Followingthe deliveryof the secondgroup of prototypesto Sandia in April,
1987, the TMS tests were begun. This group consistedof ]2 batteries;they were
identicalto batteriesbuilt in the first productionlot. The results are
summarizedin Table 6. The data show the number of minutes and ampere-hours
obtainedduring each test discharge. The acceptancerequirementsfor the tests
are listed at the top of the table. The batteriespassed all of the tests.
These requirementsmet the specificationslisted in CD368509.
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TABLE 6
TI576/MC3935FINAL TMS TEST RESULTS

PS PA_:3.1.1 3.2.1 3.2.2 3.2.3 3.3.1 3.3.2 3.4.1 3.4.2 3.4.3
***************************************_*********_******_*************

NAME 30-DAY ROOM -35 C HIGH TEMP. VERY HUMIDITYVIBRA- SHOCK
STAND TEMP. DISCH. TEMP. SHOCK HIGH TION ,

DISCH. STAND TEMP.
FINAL ACCEPTANCECRITERIA* o
MINUTES20 110 40 80 90 30 80 110 i]0
Ah 4.1 5.5 2.0 4 4.5 1.5 4 5.5 5.5
BATTERIES-SNLID NUMBER/EPSERIALNUMBER
938/7 25 156 90 - 111 - 96 142 -

4.8 7.8 4.5 5.5 4.8 7.1

939/8 22 158 - - 113 36 90 - 139
4.7 7.9 5.7 1.8 4.5 6.9

940/9 25 156 - 120 108 94 138 -
4.8 7.8 6.0 5.4 4.7 6.9

941/10 25 158 50 113 32 96 - 126
4.8 7.9 2.5 5.7 1.6 4.8 6.3

942/11 29 166 136 - 116 134 142
5.6 8.3 6.8 5.8 6.7 7.1

943/12 30 166 - 122 122 60 97 140 -
5.9 8.3 6.1 61 3.0 4.8 7.0

944/13 31 166 - - 138 - 110 - 160
6.0 8.3 70 5.5 8.0

945/]4 30 160 70 118 126 40 102 140 -
5.8 8.0 3.5 5.9 63 2.0 5.1 7.0

946/15 28 154 76 - 112 - 93 136
5.5 7.7 3.8 56 4.7 6.8

947/]6 29 158 - - 118 46 90 132 -
5.6 7.9 59 2.3 4.5 6.6

948/17 29 156 - 118 121 38 86 - 130
5.7 7.8 5.9 61 1.9 4.3 6.5

949/18 27 154 .......
5.3 7.7

...................................... p

* Dischargecutoff voltagewas 26.8 V for all tests except:
30-day stand test for 938 and 940-949,cutoff was 26.0 V.

f
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Battery performance was lower than expected for the 30-day stand, high-
temperature stand, very-high-temperature stand, and humidity tests. All
batteries experienced an apparent increase in resistance during the 30-day stand
period. Higher resistance resulted in lower battery voltage during discharge
and reduced capacity. Figure 7 illustrates the reduced voltage during discharge

• after a 30-day stand compared to discharge without a stand. The discharge
• cutoffvoltagewas reachedprematurelydue to the reducedvoltage. The data

show that batteryvoltagedeclinedvery graduallyaround 27 V, and slight
variationsin test conditionsor batterycapacitycould cause a large

' variabilityin test results.

Initially,a dischargecutoff value of 26.8 V was selectedfor all tests because
certainPAL controllerswill not operatebelow this voltage. This cutoff
voltageis relativelyhigh for a 24-cellbattery. Normally,nickel/cadmium
batteriesare dischargedto I volt per cell. The lower value reducesthe impact
of increasedbatteryresistance.

The high dischargerate used in the 30-day stand test (12-14A) increasedthe
severityof the voltagedrop comparedto the nominalPAL controllerrate of 3 A.
Typically,the discharge_utoffvoltage is loweredas dischargerate is
increased. The dischargecutoff voltagewas thereforeloweredto 26.0 V from
26.8 V for this test. The lower cutoff voltagereducedthe variabilityin the
resultsand provideda meaningfulmeasureof batterycapacity.

The cutoff voltagewas not changedfor the dischargetest used in the field. In
that case, dischargeis run soon after charging,when batteryresistanceis
relativelylow.

Problemswith the other tests were a manifestationof the higher resistance
noticedon the 30-day stand test. Charged,open-circuitstand, at elevated
temperature,also caused increasedresistance. Since all of these tests were
run at a 3-A dischargerate, it was not appropriateto reduce the discharge
cutoff voltage. Instead,the dischargetime requirementwas reduced. The new
times (and ampere-hours)are listed in Table 6.

The mechanismwhich explainsthe observed increasein resistanceis relatedto
the "voltagedepressioneffect" (5). When nickel/cadmiumbatteriesare allowed
to stand in the chargedconditionfor a prolongedtime period,recryst_lization
of the active materialsoccurs. The crystalstend to grow in size, effectively
decreasingthe contactarea of the activematerialwith the electrolyte. This
phenomenaleads to an increasein cell resistance. The effect is more
pronouncedat elevatedtemperature.

Another issue for considerationwhen interpretingthese resultswas the sequence
of the tests. Originally,the order of the TMS tests was thoughtto be
unimportant,as long as the batterieswere completelydischargedbetweentests.
Thus, these tests were run in randomorder, with a minimum 16-hourcomplete

" dischargebetweencycles. The TMS results,and subsequenttest data, indicated
it might be necessaryto run conditioningcycles betweencertaintests or

!
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specifya sequencefor the tests. A lowereddischargecapacitywas observedon
room temperaturedischargetests which followedelevatedtemperaturestand
tests. The c_pacitiesrecoveredto expectedlevels after two or three
conditioningcycles. A conditioningcycle is one, room temperaturedischarge
test, followedby a completedischargefor at least ]6 hours.

" Product Acceptance Tests

Power suppliesand batteriesbuilt by EP for use by the Armed Forces are
extensivelytested at the factorybeforebeing acceptedby Allied Signal
Aerospaceor the DOE. The tests specifiedin the PS (Appendix2) are the
productacceptancetests. The testingregimewas developedin conjunctionwith
the Componentsand SystemsReliabilityDivision (7222).

The acceptancetests consistof both 100% tests and sampletests. The ]00%
tests are performedto insure that no defectivebatteriesare shippedto the end
users. Sample tests are used to spot ch ck batteryperformanceunder extreme
conditions. The two types of sampletes s are environmental(E) tests and
degrading(also calleddestructive,D) tests. The samplingrates are high
during the first Few months of production. Assumingno failuresare detected,
the rate of samplingultimatelydecreasesto two E-test and one D-test sample
per month. The sampleregimewas selectedto insurethat there would be a very
low probabilityof any inferiorbatteriesbeing sent to the military.

The PT3515 batterytesterwas designedand built by Allied Signal Aerospace. It
was deliveredto EP in early 1988, and was installedin a room dedicatedto
testingthese products. The tester is capableof independentlychargingand
discharging10 batteriesat once. A microprocessorcontrolsall tests and also
acquires,stores,displays,and printsdata. The tester room is air conditioned
to remove excess heat generatedduring charge and discharge.

Representativedata for each PS test are presentedin Appendix 5 for reference
purposes. Table 6 identifiesthe tests and lists the PS paragraphwhich
specifieseach test. These data were selectedfrom batteriesmanufactured
during 1988 by EP in productionlots 5, 6, and 7 (lot date codes E88, F88, and
G88, respectively). The data plots were taken directlyfrom the PT3515 tester
printouts.

Cycle Life Testing

After the TMS tests were concluded,severalbatterieswere placed on life cycle
tests at Sandia to validatethe 500 cycle life goal stated in the PS. The
twelve cycle test regime describedabove was used to age these batteries.
Constantcurrent,room temperaturedischargedata for the first cycle of each
set of 12 is presentedin Figure8. To date, two batterieshave surpassedthe
life cycle requirement. During the first 400 cycles of testing,several
differentdischargeregimesdescribedin the PS were appliedto these batteries.
Most of these regimeswere more demandingor degradingto the batterythan the
life test. The scatterin the capacitylife test data was a result of the more

, severe test conditionsinfluencingsubsequentdischargeperformance. Generally,
after severallife cycles,with interveningcompletedischarges,capacity
returnedto expectedlevels.
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Later in the data plottedin Figure8, only life tests were run, and battery
performancewas more consistent. Battery949 retaineda high capacityuntil it
was removedfrom test after 677 cycles; its performancewas still well above the
5.5-Ah requirement. Battery936 demonstratedgraduallydecliningcapacity. The

, temporarydecreasesin capacityat cycles530 and 610 were correlatedwith a
• lack of water in the cells; capacityincreasedsubstantiallyafter distilled

water was added to the cells. Both batteriesrequiredwater additionafter
- every 12-20 cycles of the life test regime. Approximately5 millilitersof
• distilledwater was added to each cell every time a batterywas watered.

After 600 cycles,battery936 began to approachthe failurepoint; discharge
capacitybegan to drop below 5.5 Ah. Representativesamplesof electrolytewere
taken and hydroxideconcentrationwas analyzed. It averagedabout 10 wt% in
severalcells, comparedto the nominal30 wt%. Concentratedpotassiumhydroxide
solutionwas added to each cell insteadof water severaltimes over the next 100
cycles. Dischargecapacitymarkedly increased,and was approximately7 Ah after
750 cycles. The hydroxideconcentrationwas 24 wt% after the additionsof
caustic. These data stronglysuggestthat the decliningbatterycapacitywas
caused by gradualloss of hydroxidein the electrolyteand decreased
conductivity. Hydroxideis lost from the cell when electrolyteis forced past
the cell vent seal duringovercharge. When distilledwater is subsequently
added to replacelost volume,the hydroxideis not replaced. It can also be
lost by chemicalreactionthroughexposureof the electrolyteto carbon dioxide
in the air. This batterywas removedfrom test after 796 cycles.

ParametricTesting

A seriesof specialtests were conductedon four batteriesto quantifythe loss
of capacityduring open circuitstand periodsat elevatedtemperature.
Unexpectedlylarge capacity losseswere observedduring the PS preliminaryTMS
involvinghigh temperatureexposure. The batterieswere fully chargedand
stored on open circuit at 50 C for four differenttime periods. The percentof
capacitylost comparedto no standwas plottedagainsttime in Figure9. After
200 hours at 50 C, about 50% of the availablecapacitywas lost. This loss can
be attributedto the self-dischargereactionswhich occur in nickel/cadmium
cells.

In a relatedtest, the batterieswere boost chargedfollowinga 48-hour stand at
50 C. The boost amountedto about one hour on charge at 1.5 A. During the
subsequentdischarge,the capacityloss was only about 11%, compared to a loss
of about 20% without a boost charge.

Other characterizationexperimentswere performedin order to better understand
batteryoperation. The effect of the durationof completedischargeon
subsequentdischargecapacitywas studied. The minimumdurationwas 16 hours,
as specifiedby EP. For these experiments,the durationof completedischarge
was varied from 16 to 130 hours. No definite impactwas observedon battery
dischargecapacityover this range. Therefore,there appearsto be no benefit
to prolongingthe completedischargefor greaterthan ]6 hours.

9
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MC3935 CAPACITYLOSSAT ELEVATEDTEMPERATURE
CHARGEDSTANDONOPENCIRCUITAT 50 C
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FIGURE 9, MC3935CAPACITY LOSS AFTER EXPOSURE TO ELEVATED TEMPERATURE
FOR A RANGE OF TIME PERIODS. FOUR BATTERIES WERE USED IN
THESE TESTS; THE IDENTIFICATION NUMBERS (I,E. 938) ARE
DESCRIBED IN TABLE 6.



Polarizationstudieswere conductedto determinethe internalbattery
resistance. Both MC1605 and MC3935 batterieswere tested over a range of
depths-of-discharge.Voltageversuscurrentdata were obtainedunder both
charge and dischargeconditions. Batteryresistancewas calculatedfrom the
slope of the line based on a linear regressionof these data. Resistancesfrom

' the dischargedata are given in Figure 10. The values ranged from 200 to 700
" milliohms. The two MC3935 batteriesdemonstratedcomparableresistances,while

the two MC]605 batterieshad significantlyhigher resistances. Tileresistance
values obtainedfrom charge data were similarto the dischargevalues,except at
full charge. Battery resistanceat full charge was approximatelyfour times
higher than the comparableresistancebased on dischargedata.
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FIGURE ]0, INTERNAL RESISTANCE VS, DEPTH-OF-DISCHARGE
FOR TWO MC1605 AND TWO MC3935 BATTERIES



CONCLUSIONS

The T1576 was developed to provide a simple, low cost, and minimummaintenance
power supply for PALground cuntrollers. Development was a joint effort between

. Sandta, EP, and Allied-Signal Aerospace. The final designs for the T1576 and
• the MC3935battery satisfied all requirements. Prototypes were extensively

tested at Sandta and appropriate acceptance specifications were established. An
- optimized charge regime also resulted from these tests. The first production
• units were accepted and shipped on schedule, tn March 1988.
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I. GENERAL

I.i Scope. This document defines those characteristics of the T1576
Power Supply that are subject to special controls to assure interface
compatibility with next-assembly usage.

t

1.2 Description. The T1576 is a portable 28-volt power supply which
provides electrical input power for the following Permissive Action
Link (PAL) ground controllers.

T1533
T1534
T1535
T1536
T1539

T1554
T1555

T1563

The T1576 will consist of a single replaceable battery protected by
an external housing. The power supply will be connected to

controllers by a CT1478 (or equivalent) power cable.

This power supply requires periodic maintenance and recharging.

1.3 Change Control. The approval of the following is required for any
technical changes to this document:

a. Supervisor, Command and Control Division 5127, and

b. Supervisor, Storage Batteries Division 2525 (if the change
affects battery performance and reliability).

1.4 Definitions. The following definition applies throughout this
document.

Ampere-Hour Capacity - The battery capacity is the quantity of
electrlcity that the battery can deliver until the loaded voltage
drops to the minimum operate level. It is measured in ampere-hours
where the current for the 28-volt system described herein is
calculated as 28 volts divided by its fixed resistive test load.

2. DOCUMENTS

2.1 Required. The following documents form a part of this specification
to the extent stated herein.

DGI0001 Design Guide, Special Design Equipment for Use in
Critical Assembly Areas

SB343825 Physical Environments, Portable PAL Controllers

_"_=-_ _pneral Instructions Applicable to Nuclear Weapons ,
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2.2 References. The following documents are listed for the convenience
of the user.

I

, AY209467 CT1478

• CD338781 Compatibility, T1533

CD338782 Compatibility, T1534

CD338783 Compatibility, T1535

CD338784 Compatibility, T1536

CD338966 Compatibility, T1539

CD339085 Compatibility, T1554

CD339086 Compatibility, T1555

CD339125 Compatibility, T1563

CD367193 Compatibility, Power Sources, PAL Controllers

MIL-STD-810 Environmental Test Methods

3. PHYSICAL CHARACTERISTICS

The T1576 will be designed within the following physical constraints.

3.1 External Configuration. The T1576 will be externally configured as
shown in Figure I. The cover will be easily opened with luggage
latches.

3.2 Composition. The T1576 will consist of one MC3935 battery, a steel
electromagnetic shielded case and cover as illustrated in Figure I.

3.3 Internal Configuration. The T1576 will be internally configured as
shown in Figure i. Easy access to the battery within the T1576 will
be provided for charging and cleaning maintenance The case shall be
designed to adapt and hold two MC1605 batteries if desired.
Additional brackets and spacers for MC1605 adaption are acceptable.

3.4 Markings. The T1576 base will be externally labeled with the
appropriate identification markings per Figure 1 and TP35-51, Section
5.

3.5 Weight. The maximum weight will be 20 pounds for portability.

3.6 Size. The T1576 will occupy a volume of approximately 0.5 ft 3 so

that it can easily be handled and stored with a high degree of
portability.

3.7 Handles. The T1576 will have a foldable carrying handle on the top
surface that facilitates handling with heavy gloves.

I
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3.8 Corrosion Protection. The T1576 will be protected within itself from
the corrosive effects of the electrolyte within the MC3935 battery.

3.9 Connectors. The T1576 output connector will be compatible with the
CT1478 (or equivalent) power cable, p

6

4. FUNCTIONAL CHARACTERISTICS •

Q

The T1576 will have the following power functions.

4.1 Usage Configuration. The T1576 will provide power to the PAL
controller In the configurations of Figure 2.

4.2 Discharged Configuration. The T1576 will be maintained in the

discharged condition by the application of shorting plugs (see Figure
3) connected to the output connector.

4.3 Storage Configuration. The T1576 will be stored and ready for usage
with the application of a protective dust cap connected to the output
connector.

5. ELECTRICAL CHARACTERISTICS

The T1576 will have the following electrical characteristics.

5.1 Schematic. The T1576 will be wired per the simplified schematic
shown in Figure 4. Separate wires in Pins A and C shall be

terminated at the positive terminal of the MC3935 battery.

5.2 Operating Voltage. The T1576 will deliver a nominal 28 volts under

load (ref 5.4) and temperature (-40 to +I60"F). The maximum voltage
will be 37.2 volts and the minimum will be 26.8 volts.

5.3 Current. The T1576 will be capable of delivering 2.50 amperes
average. The peak current capability will be 12 amperes for a
duration of 200 milliseconds.

5.4 Initial Capacity. The initial capacity of the T1576, immediately
after charging, will be determined by discharging the T1576 into a 15
+2 ohm load until the minimum operate voltage of 26.8 volts is

reached. The initial capacity at ambient room temperature will be
2.6 ampere-hours (Ah) minimum. The minimum initial capacity at -40"F
will be 0.8 Ah.

5.5 Storage Charge Retention. The initially available capacity after 30

days continuous storage at II0"F will be determined by discharging
the battery into a 15 +2 ohm load at ambient room temperature until
the minimum operate voltage of 26.8 volts is reached. The minimum
available capacity will be 1.0 Ah.

5.6 Charging. The T1576 will be capable of being recharged by the T431A
and by a new charger, the T1577.
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5.7 TEMPEST Shielding. The case and cover of the T1576 will provide
shielding to reduce TEMPEST emanations during controller operations.

, The shielding effectiveness will be 55 dB for frequencies from i00
, kHz to 300 MHz.

6. NUCleAR SAFETYt

The T1576 will be used as a PAL tester power source designed for
operational support of weapons in critical assembly areas. DGI0001
will be followed as a design guide wherever appropriate.

7. PERSONNEL SAFETY

In the event of plugged battery vents, the T1576 will be capable of
containing a battery ex_losion.

8. ENVIRONMENTAL REQUIREMENTS

8.1 Operating Environments. The T1576 shall be operational during and
following exposure to the following environments.

8.1.1 Temperature.

a. High: +I60"F - deliver 0.8 Ah capacity.

b. Low: -40"F - deliver 0.8 Ah capacity.

8.1.2 Humidity. The T1576 shall provide power to PAL controllers during

any part of the 24-hour humidity cycle in Figure 5.

8.1.3 Electromagnetic Radiation (EMR). The T1576, while in an

operational configuration, may be exposed to the following EMR
fields:

RMS Field Peak Field

Intensity Intensity
Transmission Frequency (V/m] _V/m) polarity

CW 200 kHz to i0 MHz I00 200 Vertical

CW 200 kHz to I0 MHz I0 20 Horizontal

CW i0 kHz to i00 MHz i00 200 All

Pulse i00 MHz to 16 GHz 200 4000 All
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8.1.3 continued

NOTES:

i. For pulse environments, duty cycles are assumed to be 5%.
A

2. The following definitions apply to pulse environments:

a. RMS field intensity is the effective value obtained by averaging o

over many modulation cycles.

b. Peak field intensity is the effective value obtained by
averaging over the entire pulse.

3. Average power density is determined by averaging over the pulse
repetition period and is equal to the duty cycle multiplied by the
peak power density level.

8.2 Nonoperating Environments. The T1576 is not required to operate
during exposure to the following environments; however, following
exposure the T1576 shall be capable of meeting all functional and
electrical requirements.

8.2.1 Temperature Shock.

Change from ambient room temperature (RT) to +I60"F within 5
minutes,

Hold at +I60"F for 3 hours,

Change from +I60"F to ambient RT within 5 minutes,
Hold at ambient RT for 3 hours,

Change from ambient RT to -40"F within 5 minutes,
Hold at -40"F for 3 hours, then

Change from -40"F to ambient RT within 5 minutes.

8.2.2 Rain. The T1576 shall survive heavy rainfall of 16 inches total in
2 to 4 hours with the case lid closed.

8.2.3 Salt Spray. With the lid closed, the T1576 shall operate after

exposure to a continuous spray of 5 _1% salt solution for 48 hours.

8.2.4 Sand and Dust. The T1576 shall operate after exposure to blowing
sand and dust with the lid closed. MIL-STD-810, Method 510.2 may

be used as a testing guideline.

8.2.5 Pressure. The T1576 may be exposed to altitudes varying from sea
level to 60,000 feet (31 to 2.13 in. Hg) within 30 minutes and from
60,000 feet to sea level within 30 minutes, both while at -30"F.
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8.2.6 Vibration. The T1576, with the case lid closed, shall meet the

following vibration specifications:q

' Composite Figure 6 1 hr/axis
Random Vibration

• Sine Vibration .25 inch double 1/2 oct/min

amplitude 5-15 Hz

3 g 15-2000 Hz (approx. 36 min/axls)
Sweep up and down

8.2.7 Mechanical Shock. The T1576, with the case lld closed, shall

survive a drop onto a flat concrete surface from a height of 36
inches with the base down. Additionally, three shocks of 150 g,
1.7 ms shall be applied through the three main axes.

8.2.8 Nuclear Radiation. The T1576 shall survive the following levels of
radiation.

Total dose: 1600 rad (tissue)

Maximum gamma, continuous: 450 rad (tissue)

Maximum neutron, continuous: 1300 tad (tissue)

Peak neutron exposure: 7.1 x I0 II neutrons/cm 2 (1.8 MeV Si equlv)

Peak gamma dose rate: 109 rad/sec (Si)

9. LIFE

The T1576 will meet the following llfe requirements. Each battery
will be capable of completing a minimum of 500 full charge/discharge
cycles or a 5-year llfe, whichever occurs first.

i0. HUMAN FACTORS ENGINEERING

The T1576 will be designed to minimize the probability of human error

which could result in improper operation and maintenance; could cause
loss of battery performance; and/or could affect personnel safety.
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FIGURE 1 - T1576 POWER SUPPLY
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FIGURE 2- USAGE CONFIGURATION
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i. GENERAL.
q

h

This specificationdefines the requirements for the

, T1576 Power Supply. The T1576 is a power supply for
, Permissive Action Link (PAL) ground controllers. It

consists of a container assembly, part number 382196,

and an MC3935 battery. The T1576 configuration is shown

in Figure i.

2. DEFINITIONS, RECORDS, AND GENERAL REQUIREMENTS.

2.1 Definitions. The following definitions are in addition
to those contained in 9900000, General Requirements, and

DOE/AL Quality Control Policy, QC-I.

a. Conditioning Cycle. A conditioning cycle consists

of a charge per 2.l.f and discharges in accordance
with 2.l.b or c, and 2.1.i. These operations are

for battery conditioning and need not be performed

with PT equipment.

b. Constant Current Discharge. The discharge
conducted at 3 ±0.1A constant current to a cutoff

voltage of 26.8 ±0.3 volts per battery.

c. Constant Resistance Discharge. The discharge that

takes place at a constant resistance of 2.3 +0.2,

-0 ohms to a cutoff voltage of 26.0 ±0.3 volts per

battery.

d. Cycle. A cycle consists of a charge followed by a

discharge. There may be open circuit wait periods
between charge and discharge.

e. Electrolyte Level Check. Electrolyte level checks
are performed only on fully charged batteries
within one to three hours after removal from

charge. The electrolyte level of each cell is

checked with a calibrated syringe. The syringe is

placed into the opening at the top of the cell as
far as possible. If a small volume (less than

1.0 milliliter) of liquid can be withdrawn from the

. cell into the syringe, no adjustment is required.
Otherwise, if no liquid can be withdrawn, distilled

water must be added to the cell with the syringe,

• in small increments, until liquid just can be
withdrawn. If excess liquid (greater than 1.0 mL)

is present, it should be withdrawn.

55
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2.1 Continued.

f. Full Charge. Each MC3935 is charged at a constant
current of 5 ±0.2A, until the battery voltage rises

to 37.4 ±0.5 volts, or for a maximum of two and a J

half hours. The charge current is then reduced to
1.5 ±.IA and held constant. The maximum time

allowed for the second charge level is one hour.

The I.SA charge shall be terminated if the voltage
exceeds 41V.

g. Life Cycle. A life cycle is a complete

charge/discharge operation which consists of a
charge period and a discharge period. A rest of

1 hour, minimum, to 5 hours, maximum, shall follow

both charge and discharge. The charge is carried
out per 2.l.f and the discharge per 2.l.b.

Periodically, a shorting discharge per 2.1.i is

performed following discharge per 2.l.b.

h. Rated Capacity. The MC3935 has a rated capacity of
5.5 Ah when discharged in accordance with 3.2.1.b
at 25"C.

i. Shorting Discharge. This procedure follows either
a constant current or constant resistance

discharge. The battery voltage is reduced to less

than 5.0 volts using either discharge method, or a
combination of both. The battery is then shorted

using a shorting plug or clip leads and a i00 ohm
or less, 1 watt minimum resistor. It must remain
shorted for a minimum of 16 hours.

2.2 Test Records. Test results associated with the MC3935

battery shall be reported in accordance with DR410083.

These records shall be signed by the Supplier's
inspector, or authorized representative, and shall be
distributed in accordance with instructions on the

forms.

2.3 Test Conditions.

a. Unless otherwise specified, tests shall be
performed at room atmospheric conditions and the

T1576 shall be at room temperature when each test
is started.

b. At the Buyer's discretion, each power supply may

complete one or more conditioning cycles per 2.l.a
prior to start of test program.
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2.4 Tolerances. 9900000 applies. Unless otherwise
specified, test tolerances shall be:

' Temperature: _6°C

'_ Time: ±I0 percent

Vibration:

Acceleration or Amplitude: t5 percent (approximate
sine wave)

Frequency: t2 percent or 3 Hz,
whichever is greater

Shock:

Duration:

a. 2 msec or more: ±0.6 msec or ±15 percent,
whichever is greater

b. less than 2 msec: ±0.I msec or ±30 percent,
whichever is greater

Voltage: ±2 percent

Resistance: ±2 percent

Current: ±i percent

2.5 Lot. A lot shall consist of 30 to 50 T1576 units.
These units shall be the deliverable units from a
manufacturer's lot of 31 to 56 batteries that have
passed the i00 percent of 3.1. Specified quantities of
D-test batteries per 2.6.3 shall be selected from the
manufacturer's lot. Units in a lot shall have been
manufactured and assembled without significant changes
in materials, tools, processing, design essentials or
other factors which substantially affect the homogeneity
of the units. Unless otherwise approved by the Design
Agency, all tests shall be completed before the lot is
shipped.

2.6 Lot Acceptance Requirements.

2.6.1 100% Tests. All units in a lot must have passed the
. tests specified in 3.1. Units which fail any of the

100% tests may be reworked and retested once. Any
reworked units which pass the tests in 3.1 must be
included in the next lot. The reworked units may not be
used if the next lot is assembled more than two months
following the test failure.
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2.6.2 Environmental Test (E-Test) Lot Sampling. Each lot
shall be sampled at random; that is, each unit in a lot,

including units which have been reworked or resubmitted

for any reason, shall have an equal chance of being

drawn as part of the lot sample. Selected units shall
be tested per 3.2. The sequence of testing is up to the °

discretion of the Supplier, except where noted.

Exceptions to this sampling method must be approved by

the Design Agency. Any failures shall result in the lot
being held. See paragraph 2.7.

2.6.2.1 Initial Sampling. Fifteen units from the initial lot

shall be submitted to the E-Tests per 3.2 with no

failures. The Design Agency may authorize previous
E-Tests of record for the T1576 or MC3935 as all or part

of this initial sampling requirement.

2.6.2.2 Secondary Sampling. After successful completion of

sampling per 2.6.2.1, the E-Test sample shall be six per
lot until two consecutive lots have been accepted at

this sample rate with no failures in E- or D-testing.

The Design Agency may authorize previous E-Tests of
record for the T1576 or MC3935 as all or part of this

secondary sampling requirement.

2.6.2.3 Nominal Sampling. After initial and secondary sampling,

the E-Test sample shall be 2 units per lot until such
time that a failure occurs. If an E-test or D-test

failure occurs, sampling shall revert to the secondary

rate per 2.6.2.2.

2.6.3 Destructive Test (D-Test) Lot Sampling Requirements.

D-Test sample units shall be selected randomly from the

lot E-Test units that have passed the requirements of

3.2. The sequence of testing is up to the discretion of

the Supplier, except where noted. The sampling stages
noted below refer to and are determined by the E-Test

sampling in 2.6.2. The Design Agency shall be notified
immediately of any D-Test failures, and it will decide

the effect on current lot shipment and future sampling
rates.

2.6.3.1 Initial Sampling. Six of the 15 E-Test units shall be

tested per 3.3 and 3.4. The Design Agency may authorize
previous D-Test of record for the T1576 or MC3935 as all

or part of this initial sampling requirement.

b

2.6.3.2 Secondary Sampling. Two of six E-test sample units
shall be tested in accordance with 3.3 and 3.4. The

Design Agency may authorize previous D-Tests of record
for the T1576 or MC3935 as all or part of this secondary

sampling requirement.

58 UNCLASSIFIED



PS368509
Issue E

Page 6

2.6.3.3 Nominal Sampling. The D-Test sample shall be one unit
- out of the two E-Test units per lot. It shall be tested

, per 3.3 and 3.4.

" 2.7 Lots Held on Sample Tests. In the case of lot sample

' failure, the Production Agency shall be notified

immediately and the lot shall be held pending review of
the failure. After review of the failure and the

circumstances leading to it, a lot acceptance proposal
will be considered.

2.8 Disposition of Lot Samples. E-Test samples not selected

for D-Testing may be returned to the lot. Units

subjected to tests designated as destructive or
degrading shall be marked "D-Tested" in a contrasting

color, preferably red, and these units shall not be
returned to the lot. D-Tested units shall be shipped to

the Buyer in clearly-marked separate containers.

3. PERFORMANCE TEST ING.

Table 1 summarizes the T1576 performance tests. Table 2

lists the acceptance criteria for each test.

3.1 100% Testing.

3.1.1 Retention of Charge at Room Temperature. All test

activities shall be performed at 25 ±6°C. The T1576

shall begin this test in the discharged condition, per
2.l.b, or 2.1.c, and 2.1.i. The T1576, after being

fully charged per 2.l.f, shall be stored for 30 +5, -0

days. After this storage, the unit shall be discharged
at constant resistance per 2.1.c. Time to complete the

discharge shall be 20 minutes, minimum. Following this

test, the unit must satisfy the continuity requirement
of 3.1.2.

3.1.2 Continuity. Begin this test with the T1576 in the

discharged condition per 2.l.b or 2.1.c, and 2.1.i. The
resistance between SA3553 connector Pin D and the power

supply case shall be measured with a standard ohmmeter,

or by the volt-ampere method. The resistance shall not
exceed 100 milliohms. The resistance between Pin A and

" the "A" lead end (or positive battery te_'minal), and
between Pin B and the "B" lead (or negative battery

terminal), shall meet the same requirement. The
" resistance between Pin C and the "C" lead end (or

positive battery terminal) shall meet the same

requirement. The resistance between Pins A, B, and C
individually to Pin D (ground) shall be 10k ohms,
minimum.
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3.1.3 External Visual and Mechanical Inspection. The T1576

may be either charged or discharged. After visual

inspection, only T1576s meeting the requirements of
9900000 shall be used for further testing or returned to
the lot.

3.2 Lot/Block Sample Testing (E-Tests).

3.2.1 Discharge Test at Room Temperature. Begin this test

with the T1576 in the discharged condition per 2.l.b or

2.1.c, and 2.1.i. This test shall be conducted at

ambient temperature conditions (25 ±6°C).

a. The unit shall be charged per 2.l.f. It then shall

be placed on an open-circuit wait of 1 hour,
minimum, to 24 hours, maximum.

b. Open-circuit voltage shall be measured immediately

prior to discharge. The unit shall be discharged
at constant current in accordance with 2.l.b. The

battery voltage under load must remain at or above
26.8 ±0.3 volts for ii0 minutes, minimum. After

this test, the unit must meet the continuity

requirement of 3.1.2.

3.2.2 Discharge Test at -35°C. The provisions of 9958000,

Temperature Test Instrumentation and Equipment, shall

apply. The T1576 shall begin this test in the
discharged condition per 2.l.b or 2.1.c, and 2.1.i. The

unit shall be charged at room temperature per 2.l.f.
Within 5 hours after the end of charge, the unit shall

be exposed to a temperature of -35 +6°C for 16 hours,

minimum. It then shall be discharged at constant
current per 2.l.b while at this low temperature. The

battery voltage under load must remain at or above 26.8
±0.3 volts for 40 minutes, minimum. After this test,

and while at room temperature, the unit shall meet the

continuity requirement of 3.1.2.

3.2.3 Retention of Charge at High Temperature. The provisions

of 9958000 shall apply. Begin this test with the T1576

in the discharged condition per 2.l.b or 2.1.c, and
2.1.i. The unit shall be charged at room temperature

conditions per 2.l.f. After a 1-hour minimum wait on

open circuit, and within 5 hours, the unit shall be
exposed to a temperature of 50 ±6"C and maintained at

this temperature for 48 hours, minimum. After this

period, the unit shall be allowed to cool to room

temperature for 3 hours, minimum, to 24 hours, maximum.
It then shall be discharged at constant current per

2.l.b. The battery voltage under load must remain at or
above 26.8 ±0.3 volts for 80 minutes, minimum. After

discharge, the T1576 must meet the continuity

requirement of 3.1.2.
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3.3 Group 1 D-Test. Each D-Test sample unit shall be
subjected to the tests described in this paragraph.

' 3.3.1 Temperature Shock. The provisions of 9958000 shall
apply. Begin this test with the unit in the discharged

" condition per 2.l.b or 2.1.c, and 2.1.i. The unit shall
' be charged per 2.l.f. It then shall be subjected to

three cycles of the following conditions:

Change from ambient room temperature (RT) to +71"C
within 5 minutes,

Hold at +71"C for 3 hours,

Change from +71"C to ambient RT within 5 minutes,

Hold at ambient RT for 3 hours,

Change from ambient RT to -40°C within 5 minutes,

Hold at -40°C for 3 hours, then

Change from -40"C to ambient RT within 5 minutes and
hold for 3 hours.

After completing the third cycle, the unit shall be
allowed to stabilize at room temperature for at least
3 hours. The unit shall be discharged at constant
current in accordance with 2.l.b. The battery voltage
under load must remain at or above 26.8 ±0.3 volts for
90 minutes, minimum. This test is considered to be a
destructive test (D-Test).

3.3.2 Retention of Charge at Very High Temperature. The
provisions of 9958000 shall apply. Begin this test with
the T1576 in the discharged condition per 2.l.b or
2.1.c, and 2.1.i. The unit shall be charged at room
temperature conditions per 2.l.f. Within 5 hours, the
unit shall be exposed to a temperature environment of
+71 ±6"C for 48 hours, minimum. After this period, the
unit shall be allowed to cool to room temperature for
3 hours, minimum, to 24 hours, maximum. The unit shall
be discharged at constant current in accordance with
2.l.b. The battery voltage under load must remain at or
above 26.8 ±0.3 volts for 30 minutes, minimum. This
test is considered to be a destructive test (D-Test).

. 3.4 Group 2 D-Tests. Each Group 1 D-Test unit shall be
subjected to one of the tests described below (3.4.1
through 3.4.3). The Group 1 units shall be assigned to
the Group 2 tests such that approximately equal numbers
of units will be subjected to each of the tests. At the
rate of one D-test unit per lot, three lots will be
required for each test to be run once.

UNCLASSIFIED 61



PS368509
Issue E
Page 9

3.4.1 Humidity. The provisions of 9958006, Relative Humidity
Test Instrumentation and Equipment, shall apply. The
T1576 shall be installed in a container assembly,
P/N 382196, for this test. Begin this test with the
T1576 in the discharged condition per 2.l.b or 2.1.c,
and 2.1.i. The unit shall be fully charged per 2.1.f.
With a potted mating connector installed, the unit shall
be placed in a relative humidity chamber and subjected
to i0 cycles of the 2&-hour sequence shown in Figure 2.
The temperature changes shall be linear and the humidity
shall not drop below 75 percent during testing. A
maximum of two interruptions during testing is
permissible. Upon completion of the tenth cycle, the
unit shall be removed from the chamber and, within
48 hours, the unit shall be discharged at constant
current in accordance with 2.1.b. The battery voltage
under load must remain at or above 26.8 t0.3 volts for

80 minutes, minimum. Visual inspection shall reveal no
damage that might ultimately result in malfunction.

3.4.2 Vibration. The provisions of 9958002, Sinusoidal
Vibration Test Instrumentation and Equipment, and
9958004, Complex-Wave Vibration Test instrumentation and
Equipment, shall apply. The T1576 shall be installed in
a container assembly, P/N 382196, for this test. Begin
this test with the T1576 in the discharged condition per
2.1.b or 2.1.c, and 2.1.i. The unit shall be charged
per 2.1.f. The battery terminal voltage shall be
monitored and recorded throughout this testing. There
shall be no "shorts" or "opens" as evidenced by voltage
drops of more than 1.0 volts.

The unit shall be installed on a test fixture and
oriented in accordance with the three axes shown in

Figure i. It shall be subjected to the following
vibration environments.

a. Complex-Wave Vibration. One hour along each of the
three mutually perpendicular axes shown in
Figure i, per the vibration spectrum of Figure 3.
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3.4.2 Continued.

' i

, b. Sinusoidal Vibration. Approx. 36 minutes along
each of the three mutually perpendicular axes shown

• in Figure i, at the accelerations and frequencies
' shown below. Sweep up and down at approx. 1/2

octave/minute.

Acceleration or
Frequency Double Amplitude

5 - 15 Hz 0.25 inch

15 - 2000 Hz 3g

Upon completion of vibration testing, the unit
shall meet the requirements of the constant current
discharge test per 3.2.1.b. Vibration testing is
considered to be destructive (D-Test).

3.4.3 Mechanical Shock. The provisions of 9958003, Mechanical
Shock Test Instrumentation and Equipment, shall apply.
The T1576 shall be installed in a container assembly,
P/N 382196, for this test. Begin this test with the
T1576 in the discharged condition per 2.l.b or 2.1.c,
and 2.1.i. The unit shall be charged per 2.l.f, and
subjected to the following shock environments.

Test Bumbe[ Description

1 Three 150g, 1.7 msec shocks, one
each in the direction of the three

positive axes of Figure I.

2 One 36-inch drop onto concrete, on
the container bottom.

During each shock, the battery voltage shall be
monitored and recorded, there shall be no "shorts" or
"opens", as evidenced by a voltage drop of more than
1.0 volts. Upon completion of this shock testing, the
unit shall meet the requirements of the constant current
discharge test per 3.2.1.b. This shock testing is
considered to be destructive (D-Test).
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TABLE 1 - T1576 TEST REQUIREMENTS SUMM/tRY

T_ymm___
t

Test
Test Title Para. 100% E 1 D 2 Notes

4

Retention of 3.1.1 X
Charge at Room
Temp.

Continuity 3.1.2 X

External Visual 3.1.3 X
and Mech.

Inspection

i

Discharge Test 3.2.1 X
at Room Temp.

Discharge Test 3.2.2 X
at -35"C

Retention of 3.2.3 X
Charge at
High Temp.

Temp. Shock 3.3.1 X

Retention of 3.3.2 X
Charge at
Very High Temp.

Humidity 3.4.1 X 4

Vibration 3.4.2 X 4

Mech. Shock 3.4.3 X 4
............

NOTES:
8

i. See 2.6.2 for sampling requirements of the E-tests.

2. See 2.6.3 for sampling requirements of the D-tests.

3. Sample units will rotate through the three tests in sequence.

4. Charge for these tests prior to testing will be in accordance
with 2.l.f but does not need to be done on UA4176 or UA4177.
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TABLE 2 - T1576 ACCEPTANCE CRITERIA

e

_ ,........ , ........................ _............. ii |ll ii . i_ J m i ii l, i ii

Minimum Discharge
' Test Test Discharge Discharge Temperature Cut-Off
' Para. Condition Rate Time(min) OC Voltage(V)

il, i i i iii i| . i lllllli r i i ii i J

3.1.i 30-Day Stand 2.3 Q 20 25 26.0

3.1.2 Continuity

3.1.3 Inspection

3.2.1 Immediate 3.0 A 110 25 26.8
Charge/Discharge

3.2.2 Stand and 3.0 A 40 -35 26.8
Discharge at
-35"C

3.2.3 48 Hours Stand 3.0 A 80 25 26.8
at 50"C

3.3.1 Temperature 3.0 A 90 25 26.8
Shock

3.3.2 48 Hours Stand 3.0 A 30 25 26.8
at 71"C

3.4.1 Humidity 3.0 A 80 25 26.8

3.4.2 Vibration 3.0 A Ii0 25 26.8

3.4.3 Mechanical 3.0 A ii0 25 26.8
Shock

, .....................
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Albuquelque. New Mex,co 87185

date: May 29, 1986

to: R. R. Evans, 5127

4

from: P. C. Butler, 2525

subject: PAL Battery (MC 3935) Technology. Selection

Prior to the selection of a battery technology and a

development contractor for the MC3935, a thorough
review of available electrochemical systems was conduc-

ted. The characteristics of these systems were com-

pared with the application requirements described in

the Compatibility Document (CD368509), dated 2/26/85.

Some systems were eliminated from further consideration
because of a failure to meet the requirements. Other

systems were evaluated in detail to determine the de-

gree to which they satisfied the requirements.

To compile a list of candidate battery development and

manufacturing contractors, an advertisement was placed

in the Commerce Business Daily (CBD). This advertise-

ment described the application requirements and invited

qualified companies to submit letters expressing their
interest. Approximately 20 responses were received. A

formal Request for Proposal (RFP) was sent by Sandia to

each of these companies. The RFP described the battery

requirements in detail and outlined a Statement of Work

(SOW) for prototype battery development and evaluation.

In parallel with this contractual process, the initial

technology screening was conducted. Table 1 identifies

the rechargeable systems considered while Table 2 lists

the primary systems evaluated. A rating of "Good" in-
dicates that the technology will probably satisfy the

PAL application requirements while a "Poor" rating in-

dicates the requirements will probably not be met.

Vented technologies require maintenance such as water-

ing and cleaning.

. From this initial screening, four technologies were
selected for further consideration. These were the

rechargeable vented and sealed nickel/cadmium bat-
- teries, and the primary lithium/sulfur dioxide and

lithium/thionyl chloride batteries.

i 69



The vented nickel/cadmium system is used in the MC1605

battery and thus is proven to satisfy the application

requirements. Its chief drawback is the necessity of

routine maintenance such as watering and cleaning.

This is a burden in terms of cost, personnel, and
training once the batteries reach the field. The

design of the MC3935 using this technology will
decrease but not eliminate the required maintenance.

The MC3935 will have approximately three times the
capacity of the MC1605. Thus it can complete more duty

operations (recode, decode discharges) per charge and

consequently require less frequent watering than the

MC1605. Also, only one MC3935 will be used in place of

two MC1605 batteries. Therefore, instead of 48 cells

requiring maintenance, only 24 cells will be
maintained.

A vented nickel/cadmium battery will have a 5.5 Ah

capacity and a nominal life of 500 cycles. A single

PAL controller duty operation (discharge) consumes ap-

proximately 1A-min. Therefore, a vented nickel/cad-

mium battery could complete a maximum of 165,000 duty

operations in its life.

K. D. Murphy, Division 2525, was consulted regarding

the relative cost comparison betweed the four tech-

nologies. The cost of a single vented nickel/cadmium

battery without connector or container can be estimated

at $750. The cost of a new T1577 battery charger can

be estimated at $5,000, but this cost would be dis-

tributed over many batteries and only a fraction of

this cost could be applied to one battery. A conserva-

tive estimate of 0.25 of $5,000, or $1,250 can be as-

sumed. The cost of maintenance per battery can be es-

timated by assuming each MC3935 would require 15

minutes of maintenance (watering, cleaning, charger

operation) per quarter. A labor cost of $32/hour is

assumed. These costs are plotted (Ni/Cd(v)) versus the

number of duty operations per year in Figure i.

The sealed nickel/cadmium technology offers the advant-

age of no maintenance. However, its performance is in-

ferior to that of the vented nickel/cadmium, par-

ticularly at low temperature. Tests have been in-
itiated in the Division 2525 evaluation labs to charac-

terize this behavior. Initial results using commercial

Saft "F" size cells indicate three possible problems

that might prevent this technology from satisfying the

requirements. Under load, the battery voltage is less
than the minimum required operating voltage when the

ambient temperature is below -15 C. At -15 C, the bat-

tery delivers approximately half of its room tempera-

ture capacity. Another problem identified with the

sealed nickel/cadmium battery was long recharge time.
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Manufacturer specifications require 14 hours for

recharge. This exceeds the PAL requirement by at least

six hours. Finally, near the end of charge, the close-

ly packed cells generated a large quantity of heat.

Battery temperatures exceeded 60 C under room tempera-
, ture conditions. Either charge control or active cool-

ing would be required to prevent early cell failure for

" this cell design. Other sealed designs such as fast

charge and low temperature types are also being
evaluated.

The cost of a sealed nickel/cadmium battery, without

connector or container, is approximately $750. The

charger costs would be the same as for the vented nic-

kel/cadmium case. The total cost of the sealed battery

differs from the vented by the cost of maintenance.

This cost is also plotted in Figure 1 (Ni/Cd(s)). With

the assumptions of this analysis, the cost advantage of
the sealed battery is relatively minor.

For the lithium primary systems, S. Levy and N.

Godshall, Division 2523, were consulted regarding the

requirements. For the sulfur dioxide type, five paral-
lel strings of ii D-cells in series were recommended in

order to meet the high current and low temperature

requirements. This configuration-results in a battery
of 55 cells'having 37.5 Ah of capacity, a weight of
11.5 ibs, and a volume of 0.12 cu.ft. With PAL con-

troller duty operations consisting of a 1 A-min dis-

charge, one lithium/sulfur dioxide battery could com-

plete a maximum of 2250 duty operations during its
life. These cells are estimated to cost $7 each. For

55 cells, the cost per battery would be $385. The cost

of maintaining a supply system for the primary bat-
teries is unknown.

The cost of the primary battery types is highly depen-

dent on the number of duty operations required per year
by the using organization. This is illustrated in

Figure i. The more operations required, the more

frequently the primary batteries must be replaced and

the higher the cost. The cost of the rechargeable bat-

teries become less than the primary lithium/sulfur

dioxide at about 1,400 duty operations per year. From

the Brideau service questionnaire, the range of PAL

controller duty operations required per 24 hours is

3-700, with the majority requiring about 60.

Therefore, it would require only 23 days in one year of

. 60 duty operations per day for the cost advantage to

shift to the rechargeable batteries. At 700 operations

per day, only 2 such days per year are necessary to
shift the cost advantage to the rechargeables.
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The lithium/thionyl chloride system, with its higher

current capability compared to the sulfur dioxide type,
would allow the use of just two parallel strings of ii

cells each. This battery would have a capacity of
about 15 Ah, and it would complete a maximum of about

900 duty operations in a life-time. These cells cost

about $20 each. Again refering to Figure i, this tech-

nology is less attractive than the sulfur dioxide type

from a cost perspective.

From these simple estimates, it does not appear to be

economic to use primary batteries for this application,

unless very few duty operations per year are required.

Some development might be necessary before the primary

technologies could be used in this application. Of

significance is the fact that only one company
responded to the Commerce Business Daily advertisement

recommending a lithium primary battery. No formal

proposals were received from the RFP that considered a
primary battery.

Only two serious proposals were received from the RFP

for the development activity. One recommended sealed

nickel/cadmium while the other proposed vented nic-

kel/cadmium. Because of the uncertainty of satisfying

the application requirements usingthe sealed technol-

ogy (low temperature capacity and long recharge time),

the vented nickel/cadmium type was selected in June,

1985, for the PAL application. This technology satis-

fies all the stated application requirements except the

desire for no maintenance. If the requirements change,
other systems could be re-evaluated based on the

specific requirements.

PCB:tdp

copy to:

2520 N. J. Magnani
2525 R. P. Clark

2525 K. D. Murphy
5127 J. R. Caruthers

5127 G. W. Mead

5127 S. A. Walcott

2525 Day File
2525 P. C. Butler

G. R. Burns, Eagle-Picher/Colorado Springs

M. D. Finch, Bendix-Kansas City
AMCPM-NUC-ALO Mr. Baird
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TABLE 1

BATTERY TECHNOLOGIES COMPARISON FOR PAL APPLICATION
RECHARGEABLE BATTERIES

MC3935 REQUIREMENT
BATTERY CHARGED LIFE MISCELLANEOUS

TECHNOLOGY WEIGHT TEMP. HIGH
& VOLUME RANGE CURRENT STORAGE CHARACTERISTICS___o__mem--

Flooded lead-acid Poor Poor Poor Good Good Short shelf life

Sealed lead-acid Good Poor Poor Good Good Short shelf life

Vented nickel/ Good Good Good Good Good Maintenancerequired

cadmium (sintered)

Vented nickel/ Poor Good Good Good Good Commer. size
> 8.5 Ah

cadmium (pocket)

Sealed nickel/ Good Poor Good Good Good Thermal & charge
time problems

cadmium (sintered)

Nickel/iron Poor Poor Good Poor Good Maint. required

Nickel/zinc Good Poor Good Poor Poor Maint. required

Zinc/silver oxide Good Poor Good ,Good Poor High cost
°

Cadmium/silver Good Poor Good Good Poor High cost

oxide

Nickel/hydrogen Poor Good Good Poor Good High cost
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TABLE 2

BATTERY TECHNOLOGIES COMPARISON FOR PAL APPLICATION

PRIMARY BATTERIES

BATTERY MC3935 REQUIREMENT

TECHNOLOGY WEIGHT TEMP. HIGH CHARGED LIFE MISCELLANEOUS
& VOLUME RANGE CURRENT STORAGE CHARACTERISTICS

Lithium/sulfur Good Good Poor Good Poor Parallel strings

dioxide necessary

Lithium/thionyl Good Good Poor Good Poor Possible safety i
chloride hazard

Alkaline Good Poor Poor Poor Poor

manganese dioxide

Mercury/zinc Good Poor Poor Poor Poor High cost

& silver/zinc

0





APPENDIX 4

STATEMENT OF WORK

MC 3935 (PAL) BATTERY DEVELOPMENT PROGRAM

MARCH 22, 1985

L

STORAGE BATTERIES DIVISION-2525
SANDIA NATIONAL LABORATORIES

P. O. BOX 58OO

ALBUQUERQUE, NM 87185

I. OBJECTIVES AND INFORMATION

Sandia National Laboratories has the responsibility to provide an
improved battery for use with PAL controllers, used by the U. S.

Army, Air Force, and Navy. For the last twenty years, the MC 1605

has been used in this application. The MC 1605 is a conventional

vented nickel/cadmium battery. Motivation for a new battery is

due to a desire to obtain a battery with increased capacity and

minimal maintenance requirements. The new battery has been

• designated the MC 3935. The power supply including case,

connector, fuse, and battery are designated the T1576.

The goal of this program is to develop and produce prototype

batteries which most closely satisfy the application requirements

described below, and prepare for production of these batteries for

purchase by the military by November, 1986. Proposals should

include a recommendation of a battery type and a description of

all necessary development activities to ready a specific design

for production for an agency of the Department of Energy (DOE).

Although Sandia considers that the sealed, sintered electrode

nickel/cadmium type may most closely satisfy the application

requirements, other battery types will be considered. If a

suitable cell or battery design already exists, the proposal
should so state and describe any necessary activities such as

testing or packaging to prepare for production. The developer

must be able to demonstrate battery production capability at the

required rate by the end of this contract. The battery is

expected to be required for a twenty year period.

In addition to battery development, one auxiliary item may be

included in a response. A battery container is required that is

mechanically sound and provides adequate shielding. These devices

must be portable and they will be used in field environments.

Consequently, the container must withstand mechanical stresses •

typical of those experienced in field use. Depending on expertise

and interest, the container may be included in a response, in

addition to the battery proposal.

Battery requirements are summarized in Table i. Priorities have

been assigned to the major technical requirements and tradeoffs

76



between them must be considered. The stated capacity of 2.6 Ah at

. the 1 hour rate represents the minimum required; it is desired to

• maximize the available capacity-fo-r--the allowed weight and relume.

A maximum recharge time of eight hours is required. The

• application requires a maximized amount of charge retention.

• Methods of maintaining balance among cells in the battery must be

identified. It is also desired to minimize the product purchase

cost. A battery with a minimum of required maintenance is a

necessity• The program schedule requires that the first batteries

be available for purchase by November, 1986.

Preparation of a quality control plan for the production

activities will be required during this contract. The plan must

address methods for controlling procurement, receiving,

inspection, calibration and testing activties. This list is not

all inclusive. Enclosed is a copy of Sandia Engineering Procedure

EP401418, issue C, which provides complete information regarding

applicable quality control requirements. This document applies to

both battery and container development. The quality control plan

will be evaluated using EP 401418.

II. STATEMENT OF WORK

Task 1-Battery Development

This task encompasses all activities required for battery
development. It is anticipated that an existing cell design will

be utilized and optimized as necessary. If a completely new

design is required, the motivation must be carefully justified.

In either case, the design should address each item on the battery

requirements list (Table i) and specify compliance or cell design

activities to satisfy the requirements.

Of particular importance is battery operation at low temperature.

If the -40 C requirement cannot be met, an alternative must be

suggested and justified. The -40 C requirement is not absolute

and may be adjusted based on tradeoffs with other requirements,

such as maintenance. In addition, methods of maintaining balance

among cells in a battery configuration must be described. Shelf

life must be satisfied without maintenance or charging. Charge

stand retention and/or frequency of recharge must be considered.

Battery thermal management must be addressed. A reliability

requirement may be specified early in the contract period by

• Sandia. It may consist of a requirement for the probability of

completing a specific duty cycle at any point in life.

• Recommended optimum charging methods must either be specified or

determined during the program.

This task may consist of preparing a preliminary design or

optimization of an existing design with construction and testing
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of prototypes. A final design or optimization, with prototype

fabrication and testing, may be performed as necessary. In any
case, the design or optimization activities should be completely

described in the proposal and a time schedule provided. The

proposal should provide justification such as test data or

experimental evidence as necessary for the design. An estimate of

the production cost to the procurement agency of the anticipated

battery design should be provided in the proposal. A test regime

should be proposed early in the contract to exercise the

prototypes in a manner according to the application requirements

to determine battery design status. Also, a duty cycle test

regime may be specified by Sandia during the contract for

additional testing.
i

At least 6 batteries will be shipped to Sandia for testing from

the preliminary design stage. The preliminary design prototypes

should be delivered as early as possible in order for the

evaluation to impact the final design. Both electric cycle

testing and post-mortem failure analysis will be performed at

Sandia. Life cycle testing will be performed at Sandia on at
least one of these deliverables. A minimum of 12 batteries shall

be delivered to Sandia representing the fina_ design. These units

will be considered as qualification batteries and will be tested

on a regime to be specified early in the contract period. This
regime will be defined based on the list of battery requirements

given in Table 1 and its attachments.

This task proposal should also specify a battery production plan

to follow completion of the development program. A requirement of

200-400 batteries per year is estimated. Plans for acquisition of

necessary equipment or tooling should be specified. Any

anticipated purchases of capital or plant equipment on this

contract must be clearly specified in the proposal. All such

items will be considered by Sandia on an individual basis for

approval. Schedules leading to the initiation of production, with

detailed milestones, must be prepared. Plans and/or past

experience in battery production programs should be presented in

the proposal for evaluation.

Optional Task 2-Container Development

The design and development of a battery container is an optional

task. A container is required that will house the battery and

withstand mechanical stresses typical of field environments,

within the weight and volume restrictions listed in Table i. It

must provide electromagnetic shielding of 50 dB signals at

frequencies up to 300 MHz for the battery. The container will be

subjected to shock, vibration, and other environmental stress

tests as part of qualification.
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This task will involve container design, materials selection, and

' prototype production. Past experience In this area sl_ould be8

described in the proposal. The proposal must contain estimates of

. production costs, preliminary specifications for materials,

. dimensions, and production methods. Plans for producing 200-400

containers per year must be described. The design should

incorporate provisions for fuses and electric cables for

connection of the battery to external devices. Final prototype

containers should be shipped to Sandia with the final battery

design deliverables.

Task 3-Documentation and Reporting

A final written report will be required which summarizes all
contract activities. Test data on prototype and final design

batteries will be completely described. Monthly, informal, letter

written reports describing activities and test data for each
contract month will be required. A maximum of two review meetings

will be held. One will review the preliminary design and another,

if necessary, to review the final design. Plans should be made

for at least one trip to Sandia and one :trip to the procurement

agency.

A complete set of engineering drawings and blueprints of all final

component designs will be required.

III. PERIOD OF PERFORMANCE AND DELIVERABLES

It is anticipated that no more than one year will be required for

the technical effort of this program. A shorter contract period

would be desirable. If additional time is required, it must be

thoroughly justified. All engineering drawings and blueprints are

due at Sandia within one month after completion of the technical

effort. Two copies of the draft final report are also due at this

time. One copy suitable for reproduction and two copies of the

final report will be due at Sandia one month after approval of the

draft report by Sandia. Monthly letter reports must be delivered

by the 15th of the month following the reporting period. The

final quality control plan must be delivered no later than half

way through the contract period. Six preliminary design batteries
should be delivered to Sandia no later than the fourth contract

• month. The qualification batteries and cases should be delivered

during the final month of the technical contract.

• IV. PROPOSAL CONTENT

To be acceptable, a technical propo_al must contain the following
information.
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i. A detailed technical description of the cell type and design

proposed, which addresses each item in the requirements list

(Table i). °

2. An estimate of the final cost to the procurement agency of the

cell, battery, container, if quoted, and complete power supply
assembly (T1576).

3. A description of all anticipated contract activitie_ for

development, preparation for production, and quality control

measures for the proposed cell, battery, and container, if

quoted.

4. A tabular time schedule for number 3 above which lists

activities, milestones, deliverables and other measures of

contract progress.

5. A description of personnel qualifications and facilities that

will be assigned to the contract.

Proposals that are concise and which address the above issues are
desired.

V. CONTRACT AWARD CRITERIA

: All proposals will be evaluated by Sandia battery engineers and a
contractor or contractors will be selected. Sandia reserves the

right to reject all proposals or accept only parts of a proposal.

The following criteria will be considered.

i. Technical Approach-25 points. The quality of the technical

proposal will be judged. Rationale for selection of the proposed

battery system will be considered. Completeness of the proposed

technical work will be evaluated. The degree of satisfaction of

the application requirements by the proposed battery design will

be judged.

2. Development Capabilities-20 points. Overall research and

development capabilities will be considered. Personnel

qualifications and experience will be evaluated. Facilities will
be considered.

3. Production Capabilities-15 points. The capability to produce

the battery and auxiliary components will be judged based on the °

proposal. Past experience and existing facilities will be
considered.

a

4. Quality control Issues-15 points. The responsiveness of the

quality control aspects of the proposal will be considered. A

preliminary outline of the Quality Control Plan will be evaluated.
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Past experience in battery quality control programs will be part
of the consideration.

5. Schedule-15 points. The timeliness and appropriateness of the
proposed development program will be judged. The schedule for

' initiating production will also be considered.

6. Container Development-lO points(if quoted.) Consideration will
be given to the plan to provide a battery container. It will be
judged from technical and engineering perspectives in satisfying
the application requirements.

Although the cost quotation (proposal) is not included with a
numerical value in the evaluation criteria for award selection,

the cost quotation will be evaluated as to reasonableness for the
work to be performed as set forth in the RFQ and in the submitted
technical proposal, and as such will be a factor in the
consideration for final determination of contract award.
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'i_able 1

MC3935 Rechargeable Battery Requirements
March 22, 1985

Notes: T ]576 Power supply includes MC3935 battery,
battery container, fuse, and connector.

Priority 1 is highest; I0 lowest.

Parameter Priori ty Requirement
P

Voltage Range I 26.8 - 33, nominal 28 V 4

Battery Weight (maximum) 5 12 ib (5.4 kg)

T 1576 Weight (maximum) 5 20 ib (9.1 kg)

Battery Volume (maximum) 5 0.3 ft 3 (8.5_)

T 1576 Volume (maximum) 5 0.5 ft 3' (14.2_)

Temperature Range 6 -40 to 160°F (-40 to 71°C)

Capacity (minimums)
initial @ 25°C 2 2.6 Ah @--I hr rate, load = 15 + 2_

initial @ -40°C 0.8 Ah @ "-i hr rate, load = 15 + 2_

Peak Current 1 12 A_ for 200 msec
i

Charged Storage Capacity . 3 1.0 Ah @ _i hr rate @ 25°C
(minimum) load = 15 + 2H, after 30 days

@ 43°C (II0°F) OC

Operating Life (minimum) 7 500 100% DOD cycles or 5 years
r

Shelf Life 4 i0 years - no trickle charging

Reliability --95% per cycle (TBD)

Environmental 1 Requirements for temperature and
mechanical shock, vibration,

electromagnetic radiation, and
nuclear radiation. Refer to attachec

speci fica tion.

Shielding (container) 1 50 dB at frequencies up to 300MHz

Maintenance 4 None, except recharge and periodic

complete discharge, if necessary

Duty Cycle Each operation: i A min at various
rates - 60 operations required per

charge (i Ah)

Recharge Time 4 Max. 8 hours @ 25°C - goal: 4 hours •

Ava ilabi iity 11/86

Production Rate 200 - 400 per year

Cost to Procurement 8 $i000 each

Agency (T 1576)
82 _maximum)
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APPENDIX 5

PT3 'E_i 'P/UA'_ 2 O 8 CHIg. R GE REPORT

A

PRODUCT CHARGED: TIS76 TCP #: AM-_B6002-00S/F

G

Serial Humber of Battery: ESN. -I 177

LOT NUMBER: _)-0-_' 2- I. I

I NSPECTOI:_ : ___...J_._0_Lwl_.___

CHARGE BEGAN: 2S Jun 1988 ]S:02:20

Equipment Charging Battery: UA4177 SNI01

The current switched from S to I.S after IIg.S minutes.

The testing stopped efter 175.5 minutes.

CHARGE COMPLETED : 25 Jun 1988 17:57:50

T 15 FG CFIFIRGE

4L.@@-., I '"' '' ' • ' • ' l ' ' " ' ' ' ' ' ' [ ' ' ' ' ' "' ' I ' I , , ,. , v ,

4i.m,:,-..i ...... !..i...... _ ..... -... ...... •.... ...." ..... .... ..... : ......

3_,se • ,..1 ...... !..i.,.;.. i ..... ii7iiiii."

i/.",..IDIF} )Q.O@ • "

0
> .

]l,OO ..........................• , - . .

L

: ...... ' : ...... "' " i" 'i__i '21.516 - • : -.,dL

_n.n[ ]_ 20 36 40 5B 60 P[', 80 90 lOB LI,P 126 13B14B] l_,g 1'70LOP19_12L-'_B210

Time (rninutos )

|

i END OF DATa FOR THIS BATTERY. d3



P, T3_ I_/T1526 TEST REPORT

PRODUCT TESTED: T1_76 SER#" "1 7_'

TEST PARAGRAPH: 3. 1. 1 TEST LOAD: 2.3 OHM

TESTER CONTROL PROGRAM NUMBER: AM-382686-002/C

DATE: 27 aul 19Be - TIME ORIGINATED: 11:30:08
I

mm.

Equipment Test ing Battery: UA4168-P1 SN106
DISCHARGE CURUE:

2.3 OHM TEST

&Q.I ,,,,l._,,,l,,,,i,,,, '"'l'"''l''"I''"I''"'l"'' ''"'I"''I'"'l'"'l''''l '_'''

3_.g ....... '....................................................

s,.nC...... ;...... :...... i..................................

25.B _. .....

: i :
ZB.B ..............................

} ,15.g .........

i

]B _8 38 48 5B gll 7@ uO

LEGEND Time (minutes)
TIMELIMIT

VOLT LIMIT I

ANALYS I S : 25 . 1 . 1 -- 2 . 25 OHM TEST

TEST TITLE m_____ _.__
LOT #: -" C__ E .... -_-...... INSPECTOR:__ ..................

BATTERY SERIAL NUMBER: i 77

TIME (MINUTES) UOLTAGE

O. O0 30.5431

20.00" 27. 7058

33. O0 26.0000"

PASS/FAIL CONTIDITION: PASS

*- Indicates a control limit, not a measured value.
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P T_5 15_/T1576 TEST REPORT,

PRODUCT TESTED: T1526 SER#: 2_>'7

TEST PARAGRAPH: 3.2,1 TEST LOAD: 3 AMP
$

• TESTER CONTROL PROGRAM NUMBER: AM-382686-002iC

, DATE: 28 aul 1988 - TIME ORIGINATED: 17:42:05

Equipment Testing Battery: UA4168-PI SN102
DISCHARGE CURVE:

3 AMP TEST

40.0

35.0

3_,0 _ " ...... ___- • • ' ...... ' • • '. • .' • .' ...... '..." •

q

95.0 " ......... I ...................

I
l

l

o !
_ . . ] '

o I
> 15.0 .......... .. .............. - ............. i.................

I

10.0 ....................................... t .................

i
5.0 ' • ........... J

#

i
;t._ g

LEGEND Time (mtnutei)
riM[ LIMIT

VOLt LIMIT |

ANe-_LYS I S : 3 . 2 . i -- 3 AMP TEST

iy,'

TEST TITLE /_J,'._ /,,,<-_-: ',J ,LfJL. "-_
LOT #; _, T;;....... I NSPECTO_,i7--- -_,f-x_.

BATTERY SER IAL NUMBER : 3_]7 _'

• TIME (MINUTES) UOLTAGE

0. O0 33. 3081
IL

110.00_ 28. 9468
160.50 26.8000**

PASS/FAIL CONTIDITION: P_aSS

m _. Indicates a control limit, not a measured value.
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PT3_ 15/TI_7_ TEST REPORT

PRODUCT TESTED: T1576 SER#: 17_

TEST PARAQRAPH: 3.2.2 TEST LOAD: 3 AMP
#

TESTER CONTROL PROQRAM NUMBER: AM-382686-002/C •

DATE: 30 Oul 1988 - TiME ORIGINATED: 10:03:48
..... _mmml_mU_l_Wm_mI_i__l_ .... I.

Equipment Testing Battery: UA4168-P1 SN107
DISCHARGE CURUE:

3 AMP TEST

4Q.Q ""1'"'1""1'"'1""1'"'1"''1""1'"'1"" '_''l""l'*''l""l'"'l""l'"'l""l''I'l ''''

_lj, 0 o. ° ........... ° . o ...... ° .......... • ........... • ..... . .....

• . . ,.

l

_5 .la' " I .................................. "

l
2_,_ .................................

I
I

> 15.ca ........................ I ....................................

5,1_ ................. • ........... • .............................

tD 2D 3D 4D 56 60 70 90 98 lug

LEGEND Time (mlnute_)
riM[LIMIT

_Lr LIMIT I

ANALYS I S : 3 . 2 . 2 -- 3 AMP TEST

TEST TITLE ___./_[ _i _

LOT #: _ INSPECTOR: /__.
BATTERY SERIAL NUMBER: 2_3_

TIME (MINUTES) UOLTAGE

0.00 33.3221
40.00* 27.9343
106.00 26.8000*

PASS/FAIL CONTIDITION: PASS

* - Indicmtes a control limit j not a measured value.
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PT]_ it,_/"Tl .__,76 ,TEST REPORT

PRODUCT TESTED: T1576 SER#: 13;_'_:;'

TEST PARAGRAPH: 3.2.3 TEST LOAD: 3 AMP
q

* TESTER CONTROL PROGRAM NUMBER: AM-382686-002/C

. DATE: 2 Aug 19Be - TIME ORIGINATED: 16:47:26

Equipment Test ing Battery: UA4168-PI SNI06
DISCHARGE CURUE:

3 BMP TEST

41.II ,,,l,.,l,,.|,,.ir,,,|,.,l.v,IYr.l,.,i,,,, .I,I,,_H,,,H,,,vI,,,,I,,.I.,,I,,.I,,,,,I,,,,I,,,vI,,.ImH..I.,iI,._]._HI,_

35._ ............................................................

II8.6 ............................................................
.....

• , -.
25.g ..........

U
O1

Ztl._ ................................ , ........................

e--

o
:> JS.Q ............................... ' .... z.........................

,

,

JO.@ .................................

5.Q ............................... , ........................

g. ill_,,_,h ,,,l, ,,,h J,,l .,,I ,,,,I .,, h., I,,,, lit,, It,, ,h,, ,h,, ,I. ,,h, ,,h, ,, ,, ,,h ,,,h ,,,h ,,,1 ..I ,,,,I ,.,I ,,,, l,JJ, I,.[ 1,. ,I,,L8 2B 38 46 50 GO 70 B SO 1_ t te t20 L)O t40

L.EGEND ] ime (mi nute_ )
[IHIZ LIMIT

VOLT LIMIT I

ANAL%'S I S : 13; . 2 . } -- 3 AMP -1-EST

TEST T ITL d._<_br.,"- ' .-S,----OR__--,._:I,IPECT ;J_---/_L-Z_---_-LOT #: _z22_?__-- l .............

8ATTERY SERIAL NUMBER: i ]7_--_

o

TIME (MINUTES) UOLTAGE

. 0. O0 30. 3967
80. 00" 28. 13_6

140.50 26.8000_

PASS/'FAIL CONTIDITION: PASS

_w_ Indicate5 a control limit, not a measured value.
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PT_ _ 1 5 /T 1._:;,,..26 TIgST REPORT

PRODUCT TESTED: T1576 SER#: 17::_

TEST PARAGRAPH: 3.3.1 TEST LOAD: 3 AMP

P

TESTER CONTROL PROGRAM NUMBER: AM-382686-002/C •

DATE: S Aug 1988 - TIME ORIGINATED: 08:14:01

Equipment Te_ting Battery: UA4168-PI SNI01
OISCHARGE CURVE:

3 lIMP rEST

4Q.a V_Tm,rT_.r_mT_ _T_'_'_ _

35o_ .............................................................

3_.m -

_ ' - •

25._ " ' " " ...... I ' " " "

o i
" o ......... I " "

> m.o .... :.... ..... :...:.... .... : .... ""i'"i .... ".... :":'": .... :'

........ o .....................................

• . • , • . .
"- "-I'-

l

Q'_ ,0

LEGEND Tlme (minutem)
TIM[LIMIT

VOLT LIMIT m

ANALYS I S : D . 3 . 2 -- 3 APIP TEST

TEST TITLE @_'_'22 _'''' _;]_(' k

LOT #: v_ ...... ___ ...... [_7_.Z--"

BATTERY SERIAL NUMBER: 177

TIME (MINUTES) VOLTAGE o

0.00 30.5809
90.00o 28.0448
143.00 26.8000m

PASS/FAIL CONTIDITION: P_SS

Q - Indicates a control limit, not a measured value.
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_ -"6pT_5 l_ /,T l S,, .x,. TF'ST . REPORT

PRODUCT TESTED: T1576 SER4_: 177

TEST PARAGRAPH: 3.3.2 TEST LOAD: 3 AMP

TESTER CONTROL PROGRAM NUMBER: AM-382686-002/C

-. DATE: 51 Aug 1988 - TIME ORIGINATED: 14:02:06

Equipment Testing Battery: UA4168-P1 SN102
DISCHARGE CURUE:

3 BMP TEST

4_.Q ,,,VlMVVl.li,,ivvw,l,,t,l,WWdl,._,,i.d. vvrl,,vtlVd, r ,.,.,tl,,,tl,,,tlt,._tlvr,,i,i,tl,,,,irf,,

°

35.6 .....

_I. I! .....

_-_:..... _...... !...... i...... :..... i ...... i...... i...... i.......

- i0 15.1] ......................

I

I ......... " ' ' ' ' ' ' ' °

...................i..................................
V'"'....'....'....I....,.,..,.,,,,....,....,.,.,,..,..,,_....,....,....,...._. ¢l_,,,, t .... I ;!B 30 5B - 6B 7_ eB 9e

LEGEND Time (re|notes)
TIME LIMIT

VOLT LIMIT I

ANALYS I S : 3 . 3 . 2 -- 3 AMP TEST

TEST TITLE .... ..,/x_--.

_i___ dT / INSPECTOR :LOT #:

BATTERY SERIAL NUMBER: 3_ 7_'

TIME (M!NUTES) UOLTAGE6

0.00 30. 5620
a 30.00_ 28.4407

46.50 26. 8000*

PASS/FAIL CONTIDITION: PASS

* - Indicates a control limit, not a measured value.

END OF DATA FOR THIS BATTERY. 89



PT35 15/TI_76 TEST REPORT

PRODUCT TESTED: T1576 SERf: 172

TEST PARAGRAPH: }.4.1 TEST LOAD: ) AMP
#

TESTER CONTROL PROGRAM NUMBER: AM-}82686-002/C

DATE: 24 Aug 1988 - TIME ORIGINATED: 09:07:21

Equipment Testing Battery: UA416B-P1 SNI01
D ISCHARGE CURVE:

3 lIMP TEST

_j_ "o o ° o °..... ° ........... • .......

----_-4
_.a " • .............. i.-._.-.i...!.-._..-I

o I
m .i2Q,_ ...........

o

15.a ....... I......... ".............

i
L ' .16.6 /

i
5.e ". .......... I ....... "0 ! ° " " ' .......

I

LB 26 _ 46 _ 60 70 ID 96 l g

LEGEND Time (minutes)
TIM[LIMIT

V_T LIMIT m

AIqALYS IS: 3 . 4. 1 -- 3 AMP TEST

TEST TITLE _e_
LOT #: Co-c?_ - INSPECTOR:___ZT_ _

BATTERY SERIAL NUMBER: 17_

TIME (MINUTES) VOLTAGE

0 O0 30 3873
80.00Q 28. 1020
131.00 26.8000*

PASS/FAIL CONTIDITION: PASS

90 _ - Indicates a control limit, not a measured value.

END OF DATA FOR THIS BATTERY.



PTL_ _ 1 _/T i._ 76 TEST .......REPORT

PRODUCT TESTED: T1576 SER#: 3._ 4

TEST PARAGRAPH: }. 4.2 TEST LOAD: } AMP

TESTER CONTROL PROGRAM NUMBER: AM-}82686-002/C

, DATE: 25 3ul 1988 - TIME ORIGINATED: 09:32:4}
w _ ...m m ,=., w ,,...=

Equipment Testing Battery: UA4168-P1 SNI01
D ISCHARGE CURUE:

3 BMP TEST

',,,I,'"l,-,r'"l""l-'l 'r '

_.e ......... _...... :-.._ ...... :....... i.. +1................. _..-

_e.e,,_- :. =.: ....... • .. i .................. i • • _ .....................
....._, ..... _ ..

_m.oF... " ' ...:..." ....... ...... _ ............ :...1 ...
\.

• '
_ •
II _ ..............................

l_.ll ......................... -....................... . ........

10.0 ..................................................... _- . -

5.1_ " . ............. " . .'._--

+ . • . , .

O"_ 11 +l H 40 511 60 ?HI $0 91 ]DO ] I i21 i_0 F40 iS+ tGO i a

LEG i_'WD Time (minutes)
rI#I:LIMIT

u_.rLZM_T I

AI_4AIYS I S : :3 . 4 . 2 -- _ AP+IP TEST

TEST TITLE I.'ZL_Lr_"___;, " "_--_

LOT _ : _ INSPECTOR : _-'i___
.y

8ATTERY SERIAL NUMBER: 2._

TIME (MINUTES) UOLTAGE

O. O0 _0. 8206
ii0. OOe 28. 1201
i_2. O0 26. 8000e

PASS/FAIL CONTIDITION: PASS

•- Indicates a control limit, not a measured wa|u_. 91

END OF DATA FOR THIS BATTERY.



P'l-_-_.._ _LS--'T i._,.76 TEST__ REPORT

PRODUCT TESTED: T1526 SER#: 22 1

TEST PARAGRAPH: 3.4.3 TEST LOAD: 3 AMP

TESTER CONTROL PROGRAM NUMBER: AM-382686-002/C

DATE: 19 Sep 1988 - TIME ORIGINATED: 11:03:42
9

Equipment Testing 8artery: UA4168-P1 SNI02
DISCHARGE CURUE:

3 lIMP TEST

4Ia.Q "4'",l"'P'-I _ni_..l.*.r.-i-_p ..... r,-r,-i-,_,-.i,-.r_i-..I.,q,_;r�r,.i,,,_,-,r,,,r ,- -.q-;q,-,r.-l--i-,;i;_.,r -

33.0 ..............................................................

_.__..:__.,.,.:......,....:......i..:................i.........j

. ".° ".: ! ; :.. ':"i": :" i :"! i._.,.......

" ......._.........._..i...:...:....:...i...:...:...:......4_ Z_._ . .-_

i i i . i i i i i '_ I i i

Is.o-..i...i..._........L..._...:...:...i...i...i........:...L......

• i i i i i i i i i I _ i i

le.o-..... _. •....... i...i...i....... i-..i...i.•.i.......i....

_. _ _ _.d._.Ld._._l,,._I_._. 80 9[J ..,0 BI(] _[4 38 4_ :,13 G8 Pg IDP I I;_L't 13_1 L40 J

LEGEND "rime (minutes)
TI_[ LIMIT

_O1.I"LIMIT I

ANAL'Y'S I S : 3 - _-4 . 3 -- 3 AMP TEST

._;, . /

LO'I #: _(Zn,,__LZ INSPECTOR: ______.--[

BATTERY SERIAL I_U_IBER: :22 2

TIME (MINUIES) UOLTAGE ,,

0. O0 30. 9819

1i0.00" 28. 2788 _"

150. O0 26. 8000"

A_o/FAIL CONTIblIION: P_S'_ ..__i

92 • - Ir,d_c,_te.', a (,,ntrol limit, r,ot a measured ,value.

END OF DATA FOR THIS BATTERY.



APPENDIX6

T436C Design and Development

i At the conclusionof the T|576 developmentprogram,an effort was initiatedat
the requestof the Command and ControlDivisionto developthe T436C (P/N
368521). The objectiveof this activitywas to design the necessaryhardwareto

" enableMCI605B or MC1605Cbatteriesto be installedin the T1576 container
r assembly (P/N 382196). The motivationfor this was to continue using good

MCI605B/Cbatterieswhile enclosingthem in a simple,easy to maintain,EMI-
shieldedcontainer. The assemblyof batteriesand containerwas identifiedas
the T436C (see Figure 11).

A developmentcontract (P.O. 63-6412)was placed in May, 1988, with EP for this
work. The necessarybrackets,screws,and electricalparts were designed,
fabricated,and installedin the stainlesssteel containersat EP and at Sandia.
See Figure 11 for a diagramof the T436C power supply. MCI605B/Cbatterieswere
installedin the containersat Sandia and the assemblywas exposedto mechanical
shock and vibrationtesting. Followingthe mechanicalshock tests, a limited
number of supportbracketsand batteryflangeswere observedto have failed. A
molded neoprenesupportwas designed to distributethe load of the batteries
over the bottom of the container. There were no failureson subsequentshock
tests with the neoprenesupport installedin the container.

Figure 11 caption: Illustrationof the T436C power supply.

Anotherdesign issue was the attachmentof the connectorwiring harnessto the
batteryterminals. The stud on MCI605B/Cbatteriesis a size 8, while the
terminallug is a size i0, to match the stud on the MC3935 battery. To insurea
reliableelectricalcontacton the MCI605B/Cbatteries,a shoulderedwasher (P/N
387929)was designed and fabricated. This washer permittedthe larger terminal
lug to firmly attach to the smallerbatterystud.

The T436C was intendedto be assembledin the field by Armed Forces personnel.
Therefore,the parts developedin this projectwere incorporatedinto the
T436B/T436CRetrofitKit (P/N 411620),for field installation. A completeset
of assembly instructionswere prepared,tested and approvedfor the installation
process.

Allied SignalAerospaceordered retrofitkits from EP in late 1988. The first
kits were shippedin early 1989.
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T436C POWER SUPPLY

CONTAINER COVER
AND CONNECTOR
ASSEMBLY

FZGURE ]]. T436C POWER SUPPLY
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