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Abstract
The MC4169 Double-Layer Capacitor Assembly was developed in response to a
request from the B61 Systems organization to provide interim power for the B61
Common JTA Development. The project has been successfully completed, and Lot
1 has been built by MMSC/GEND. Development testing showed that this
assembly met all design requirements. This report describes the design
configuration, environmental testing, and aging, reliability, and safety studies
done to ensure that the design requirements were met.
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Characteristics and Development
' Report for the MC4169 Double-
. Layer Capacitor Assembly

Introduction DesignIntent
The MC4169 Double-Layer Capacitor A summary of requirements critical to the

Assembly was developed as a power source to design intent of the MC4169 is given below.

supply keep-alive electrical energy to the MC4130 • Electrical Requirements
data recorder in the telemetry system for the B61 1. Charge in 1 minute using the voltage/
common JTA system. Without this keep-alive current profile shown in Figure 1.
power, data acquired immediately after release of
the system would not be stored in the nonvolatile 2. Discharge through a 7-watt constant pow-
memory. The system would be without power until er load such that the discharge voltage is
the thermal battery achieved full power 0.85 at least 17.5 volts after 0.85 second at
second after release. The request to develop this temperatures ranging from +85°C to
assembly was formalized in a memo from H.W. -30°C"

Schmitt (5100) to D. B. Hayes (2500, Acting) dated • Environmental Requirements
January 11, 1988. 1. Survive all the usual ground and air

The power sources used in the MC4169 are transportation environments of vibration,
double-layer capacitors (DLCs)--specifically, three shock, and linear acceleration. (Specifics
Evans model REl10474, 0.47-farad, ll-voit are givenin testing section.)
Capatteries, connected in series. (Capatteries are
the Evans trade name for double-layer capacitors.)
These DLCs are then encapsulated in urethane _ - .
foam in a machined ?075 aluminum case.

DLCs were chosen for this application because ..............•............................._.............._.............._.............._.............

of several desirable attributes: 34 ._""""T""--_l_....i..... ' i i i.............-................. _.............. ............._...............'.............

° They are chargeable by aircraft power. _. '............._....................l'"""_' _............._.............._............• They have none of the safety problems > • . ; ._ __. • •

associated with |ithium batteries, which are _ ............._.............t_'"! ............used in some systems.
• Unlike thermal batteries that can only

discharge once, they can be charged and _>

discharged many times. ............. ............._.............. ..............'=............... ......... _.............

o Large amounts of energy can be stored in asmallvolume. 0 _-_0 1'_
Early development work is documer ted by Current(Amps)

Miller and Street [1] and Dvorack [2].
° Figure 1. Charge requirements



2. Perform in temperature range of-30°C to thermal battery tester (PT3392), modified for this
+85°C. requirement.

3. Perform at pressures ranging from 0.57 to These measurements were used to (1) assess
15.8 psia. variability in DLCs and assemblies, and (2) assess

changes in performance during and after the
• Lifetime - Storage at room temperature for development testing
7 years. •

• Reliability- 0.995overlifeoftheprogram. Double-LayerCapacitors
Double-layer capacitors are energy storage

devices that share characteristics of capacitors and

__ ___._ __Development History batteries.They are similarto capacitorsin that
In 1986 Sandia became interested in energy isstoredin largesurfaceareas and no

chemicalreactionstakeplace.They aresimilarto
developinga long-lifepower supply thatwould batteriesinthationsarechargedparticlesand theprovidepower tovolatilememory devicesforshort
periodsoftime.Double.layercapacitorsappeared performance of the device depends on mass
to be idealdevicesfor thispurpose, but the transportofions.Figure2 shows a linedrawingof
constructionmethods allowedthe electrolytesto a DLC. Detaileddescriptionsofthe principlesof

DLCs are given in the two reportsreferenced
evaporateand thuslimittheirlifetimes.A program above.

began in 1986 withSOHIO Company todevelopa DLCs from SOHIO and Evans are similarly
hermeticallysealeddevicethatwas expectedto constructedinternally,and were used in the
have a 20-year life.That development was developmentoftheMC4169. Theirdifferencesare
completed in 1988. as follows:

In 1988, the request that resulted in the
development of the MC4169 was received, and the • SOHIO used adhesive bonds between cells;
hermetic devices developed as a result of the Evans used vulcanization (a chemical
SOHIO contact were proposed. These were later reaction) to form the bond.

replaced by Evans DLCs for environmental • SOHIO used hermetically sealed cans; Evans
stability, as will be discussed later in this report, used a perm-selective valve on the cans.

In the conceptual design phase, SOHIO DLCs

ProductCharacteristics were used.IIowever,in a seriesofvibrationtests
withprototypeassemblies,most assemblieshad a

Becausethiswas thefirsttimeDLCs had been failureofatleastoneDLC. The thilureswereatthe
used in a weapons application,the performance bond line.Detailsofthesetestsarein thesection
characteristicsofboth the DLCs and assemblies on EnvironmentalTests.At aboutthattimeEvans

were measured extensively.The electrical DLCs became availableand,_th vulcanizedjoints,
measurementsfortheDLCs and assemblieswere: itwas expectedthatthey would be more stable

1. EquivalentSeriesResistance(ESR) environmentally.The patented perm-selective

2. CapacitancemOne time constant for valvewas alsoexpectedtoreducethe pressurein
thecellsbecauseitallowsCO 2 toventwithoutthe

chargingcapacitance lossofelectrolyte.(Thiswas testedand willbe
3. Activated LifeNFor Assembly, above 17.5 reported in the aging study section of t:his report.)

volts after being charged for 60 seconds to Evans DLCs replaced the SOHIO DLCs; to date, no
34 volts and discharged through a 7-watt vibrational test failures have occurred.
load. For DLC, above 5.83 volts after being

charged for60 secondsto 11.3voltsand Assembliesdischargedthrougha 7/3-wattload.
The originalexternalmechanicaldesigncalled

The ESR and Capacitance were measured for the MC4169 to be mounted with a bracket on ,
using a tester built by W. E. Baca. This new tester, the spin rocket of the B61. The part fit nicely on
SE3611, allowed 16 parts to be tested at one time; the B61-7; unfortunately, connections could not be
it is described in detail in Appendix A. The made on the B61-3,4, cable. A redesign was done
Activated Life was measured using an existing such that the assembly mounts to the skin of the
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weapon. A concern about the strength of the The original electrical design had three ll-volt,
aluminum led to the use of 7075 alloy in the new 0.5-farad DLCs connected in series with 10.5-volt
design. The redesign was tested and fit all B61 Zener diodes for over-voltage protection for each
MODs. That design is shown in Appendix B. It is DLC. A simplification of the design was to omit the
the 4111797 (MC4169) Double-Layer Capacitor Zeners. They were found to be necessary only if the

, Assembly. The internal design is shown in DLCs were charged for days instead of the hours
Appendix C. Basically it consists of a foam holder required for this application. This was tested in a
for the DLCs that is bonded to the bottom of the series of charge/discharge cycles. Figure 3 shows

, assembly. The bottom of the assembly has a the results of both the 30.minute and 5.hour cycles,
connector to which the leads of the DLCs are The 30-minute cycle showed the worst voltage
soldered. The bottom is then screwed to the top of difference between DLCs 1, 2, and 3 from 8 to 12
the assembly, which is tall enough to cover the volts. Tests of the DLCs after these cycles showed
series-connected DLC. As a final step, the DLCs no change in baseline performance. Thus, the final
are overpotted with urethane foam. design is three DLCs connected in series.

Characterization of these parts is reported in
the following section, "Environmental Tests."

Tm Tube

Wire

Cln

Inmulator

Cup

Non-Conductive
Rubber Oaek_Jt

Impermeable Poroul Carbon

Conductive Separator Electrode
Rubber

, Fig u re 2. Line drawing of a double-layer capacitor
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Figure 3. Voltageresponseofindividualcellswhen chargedin
, series

Environmental Tests portion as a function of temperature. Measure-
ments were also made to show performance as a
function of charging time (Figure 16) and charging

Temperature voltage(Figure17).These resultsareshown only
The performanceofassembliesand DLCs was for-30°C,the regionin which performancedoes

not greatlyexceedthe specification.Performancemeasured at-30°C, +25°C,and +74°C.Allparts
receivedby Sandia had been measured forESR shown as a functionoftemperature(Figure15)

shows thatbelow-30°C,the designintentisnotand capacitanceby the manufacturer before
shipment.These two measurementsare typicalof met.
themeasurementsdone by thecapacitorindustry. ActivatedLifeisa measurement thatshowsif
On many parts,thesemeasurementswererepeated a givenassemblyor DLC meetsitsdesignintentof
by Sandia or GEND. Figures4 and 5 show the deliveringconstantpowerfor0.85second,and isa
distributionsofESR and capacitancemeasured by way ofsummarizing the charge/dischargedata.
SOHIO; Figures6 and 7 show thosemeasured by Figure18 shows variationin ActivatedLifefora
Evans. number of assembliesand the variabilityoftest

The valuesareclearlytemperaturedependent, databetweenGEND and SNL.
Figures8 and 9 compare data from Evans and Not onlydoestemperatureaffectperformance
SOHIO. Figures10 and 11 (whichare typicalof in theseparts,but at very low temperatures,
othercomparisonsmade) show thatmeasurements predictionsofperformanceusingclassicalelectrical
made attwo locationswere generallywithin5% of models to predictperformancesyieldvery poor
one another. Figures 12 and 13 show the variation results. Figure 19 shows results based on current
measured in capacitance and ESR for assemblies, load. These figures show that even at room

For this application the measurement of temperature not all of the predicted energy is ,
interest is the charging and discharging available. It is explained in part by the fact that
characteri,_tic. Figure 14 shows the charge and these devices depend on mass transport of ions
discharge of typical DLCs as a function of instead of electrons and that at low temperature ,
temperature using the requirements state_, in the the conductivity of the electrolyte in combination
design intent. Figure 15 shows the discharge with mass transport controls the performance.

10
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locationof measurement
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Groundand Air Transportation CombinedEnvironmentalTest
Environments The combined environmental test series was

designed to envelopall of the usual ground and airA series of environmental tests was run on
assemblies and DLCs. Performance of parts before transportation environment. The test series
and after environmental tests was measured in consisted of vibration, shock, and linear

• acceleration. The two vibration spectra used are
three ways: shown in Figures 20 and 21, shock spectra are

1. Equivalent Series Resistance (ESR) shown in Figure 22, and linear acceleration spectra
• 2. Capacitance in Figure 23. Tests were run at 75°C and -30°C.

3. Activate_ Life Twenty parts were subjected to the combined
environment. Although there is some variability in
the measured parameters of Equivalent Series
Resistance, Capacitance, and Activated Life, no
significant degradation in any property was seen.
An example of the before and after Activated Life
data is shown in Figure 24.

To further test the limits of the parts, these
combined environments were run five times on five
parts. Again no significant degradation was seen
(Figure 25).
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Figure 20. Vibration- 20 minutes
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VibrationOny: degradationinthisenvironmenton testsatSandia
(Figure28);the partstestedat GEND reported

VibrationspectraasinFigures20 and 21 were aboveinthecombinedenvironmentalsoshowedno

run on a seriesof parts and assemblies.A degradation.Figures29 and 30 areenlargedphotos
summary of DLC testsisshown in thefollowing ofthe Evans and SOHIO parts,respectively.The
table.Figure 26 shows that individualDLC possibilityforcrackinginthebond linesisevident
performancewas notaffectedby thesetests, intheSOHIO parts.

Assembly testsshowed that the way the

MC4169 assemblywas fixturedresultedin6 tot00 Highg ShockOnly:
timesmore the energy inputintothe partthan
expectedatfrequenciesabove2000 Hz. Figure27 High g shock testswere run to assessthe
shows a typicalvibrationspectrum with this designlimitsand thefeasibilityofusingtheEvans
enhancement. This resultsimply means that double-layercapacitorsin penetratorenviron-
assemblies were subjectedto and survived a ments.SNL has testedfourEvans parts.Figure31
significantlyharsherenvironmentthan expected, shows a typicalspectrum.Two standard Evans
(Allpartsinthecombinedenvironmentaltestwere partsmay have had a voltagedropoutfora few
subjected to this effect.) microseconds at 4500 g/2 millisecond, but further

Six assemblies using SOHIO parts were tests need to be done to verify that this is the limit
subjected to vibration spectra in Figures 20 and 21. of these parts. After the suspected dropout in these
Five of the six parts showed significant parts, two with special features for shock
degradation. The ESR showed a significant environments were tested and performed at 9000 g
increase.DuringdisassemblyoftheDLCs inthese forces.In addition,testshave been run on the
assemblies,bubblingcouldbe observedon atleast shocktableat shorterdurationsto assessdesign
onejointinthe cellstack.The bubblingwas most limits.A summary ofalltestsrunthusfarisshown
likelysulfuricacidand CO 2,02, or H 2 gas.The inFigure32 asa functionofpeak g'sand duration.
increaseinESR couldthenbe explainedby thefact Alltimesgreaterthan 1.5millisecondsare from
that sulfuric acid leaked from one cell to adjacent penetrator testing through concrete. The data are o
cells, causing a short. This short resulted in over- for one direction only and, usually in these tests,
voltage in the cell, which resulted in gas there is also high gstressin other directions. Thus,
production. The gas production caused the the stress on the part was even higher than ,
conductive layer to separate, and thus increased reported. The only problem found in all of these
the resistance. Three assemblies using the Evans tests was the possible dropout in the penetrator
double-layer capacitors showed no significant tests.
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Summary of DLC Tests

EVANS CARB
6 7 8 63 73 41 70 37 38 44 66 76

SERIES 1

TEMP= 74
X SHOCK C- C-I C-I C- C-o
20 MIN VlB C- ESR ESR ESR ESR C- C- C- C.

30 SEC VIB C- C- C. C- C.

YSHOCK C- C- C- C- C-
20 MIN VIB C. ESR ESR ESR ESR C- C. C. C-

30 SEC VIB C- C- C- C. C-
Z SHOCK C. C- C- C- C-

20 MIN VIB C- ESR ESR ESR ESR C- C- C- C-
30 SEC VIB C- C- C- C- C-

TEMP= .-30

X SHOCK C- C-I C- C-I C-

20 MIN VIB C-I ESR ESR ESR ESR C- I C- C. I C.
30 SEC VIB C-I C-I C. C-I C-

Y SHOCK C- C- I C- C-I C-

20 MIN VlB C- ESR ESR ESR ESR C- I C- C-I C-
30 SEC VIB C. C. I C. C. I C-

Z SHOCK C- C- I C- C. I C-
20 MIN VIB C- ESR ESR ESR ESR C- I C- I C. I 0-

30 SEC VIB C- O-I C-I C-I C-I

SERIES 2

TEMP. 74
X.20 MIN VlB C-8 C-S C-S C-S C-S C-S C-S C-S C-S

30 SEC VIB C-S C-S C-S C-S C-S C-S C-S C-S C-S

Y.2OMIN VIB C-S C-S C-S C-S C-S C-S C-S C-S C-S

30SEC VIB C-S C-S C-S C-S C-S C-S C-S C-S C-S
Z-2OMIN VIB C-S C-S C-S C-S C-S C-S O-S C-S C-S

30SEC VIB C-S C-S C-S C-S C-S C-S C-S C-S C-S

TEMP= -30

X-2OMIN VIB C-S C-S C-S C-S C-S C-S C-S C-S C-S
30SEC VIB C-S C-S C-S C-S C-S C-S C-S C-S C-S

, Y-20MIN VIB C-S C-S C-S C-S C-S C-S C-S C-S C-S

30SECVIB C-S C-S C-S C-S C-S C-S C-S C-S C-S

Z.2OMIN VIB C-S C-S, C-S C-S C-S C-S C-S C-S C-S
P

30SEC VlB C-S C-S C-S C-S C-S C-S C-S C-S C-S

(contin ued)
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SummaryofDLCTests(concluded)

EVANS CARB
6 7 8 63 73 41 70 37 38 44 66 76

SERIES 3

TEMP.. -30

Z-20 MIN VIB C-S C-S C-S C-S C-S C-S I

30SEC VIB C-S C-S C-S C-S C-S C-S

TEMP- 74

Y-20 MIN VIB C-S C-S C-S C-S C-S C-S
30 SEC VIB C-S C-S C-S C-S C-S C-S

Z-20 MIN VIB C-S C-S C-S C-S C-S C-S
30 SEC VIB C-S C-S C-S C-S C-S C-S

C-I = 11 VoltCharge, C-S - 3 in Seriesto 33 Volts, Blank. Not Charged,ESR Continuous,and NT. NotTested

_.o---_-1-_
_._-'"'""....'"'"'"""I'"'....'"i'""""'"'.....'-'.....i'""'"LP-_

Ill,ll IIIlllltill II Illtll lllllllillll4 lilllillIIII i

! l! i I.
_v:, l!tl, ! jr=. ,................................,,,,,,,,,...........,.............,,,,,,,,,.,......................

/1 ! ||'".....'"_'"'l...............!.........'.......'........'.............'......."""............
| !

1,0- _

Figure 26. RSR of parts before and afl;er environmental
t_sting
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Flgure 29. PhotoofSOHlO parts

4

Figure 30. Photo of Evans parts
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Pressure Effect; Measurements of the same properties were made
at-30°C on the MC41fi9s.

The effects of low pressure were tested on
assemblies using a vacuum chamber that was
_,lmped down to 0.5 psi. Charge and discharge Results and Analysis
tests were performed. The Activated Lifetimes Figures 34 through 39 show the average
were unaffected at all temperatures, change in Capacitance, ESR, and Activated Life '

versus aging time for both the MC4169s and the
DLCs. Figure 40 compares the changes in

r-_,_Ar4in_ ,.=ytUrl" Activated Life for measurements made at 25°C and '-30°C. From these plots, it can be seen that the
Since this component was the first application largest changes are in Capacitance and Activated

of this design for both Evans and the DOE complex, Life. The data also show that the change in
a joint aging and compatibility study was Capacitance is independent of voltage. For this
undertaken. Both individual DLCs and MC4169s application, the Activated Life is the response of
were studied. This was necessary because the importance; therefore, it was used to develop
permeation-selective valve allows the DLCs to empirical models that then could be used for
interact with the urethane potting and other lifetime predictions. Figure 40 shows that changes
materials used in the assembly of the MC4169. in the Activated Life measured at -30°C are much

less than those at 25°C, so no further analysis was

Experimental Design do._ on the measurements made at-30°C. Thereasons for these differences are not obvious.
Previous studies of similar components,

including capacitors and batteries, have shown Several methods of analysis were used on
that temperature state of charge (voltage), and Activated Life data. Polynomial fits were tried first

' [311.Unfortunately, they resulted in bowl-shaped
time are the most common causes of performance predictions. From a physical point of view, we know
degradation. Thus, a study was designed using that these parts will not get better with time. Next
these stress factors. The performance measure- an Arrhenius fit was used. Data from 60°C/6.44
ments used were capacitance (Cap), Equivalent
Series Resistance (ESR), and Activated Life (time volts, 85°C/11 volts, and 95°C/6.44 volts were used
for the voltage to drol: from 11.3 volts to 5.83 volts to represent the worst-case combination of useful
under a 2.33-watt load). The Activated Life data. The 60°C/12.89 volt data were not used
response is the major electrical requirement for the because the ESR response was unique in that

condition and was expected to affect the ActivatedMC4169. The others were chosen because they
are the usual measurements used to characterize Life data. Failure was defined as the loss of 20% of

capacitors. Activated Life. The Arrhenius plot generated is
To ma×imize the information obtained in thi_ shown in Figure 41. This plot predicts a lifetime of

study, the ce_ltral composite experimental design 180 years at 25°C. Given that the data used were
was chosen. This design allows for analysis of data worst-case data, the 7-year required shelf life
with interactions using polynomials, exponential, should easily be met.
and/or linear models. The sample space

investigated in the study is shown in Figure 33. A Conclusions OfAgingStudy
maximum temperature of 95°C was chosen since a This study suggests that:

preliminary study done by Evans had shown no • The aging performance of MC4169s can be
abnormal behavior in parts at that temperature.
The maximum voltage was chosen to be below the modeled using Arrhenius models to predict
voltage per cell that would cause irreversible long-term performance at room temperature
electrochemical degradation of the electrolyte. The tests.
time for the study would be determined by failure • Different mechanisms determine perfor-
of the parts, mance at 25°C and -30°C.

Following each aging period, the components • Additional work needs to be done to under- "
were removed from the aging condition. The stand the mechanisms.
Capacitance, ESR, and the Activated Life were

• This new component to the stockpile shouldmeasured at 25°C for DLCs and MC4169s.
function as required after 7 years of storage.
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SafetyStudies Summaryand
The safetyissuesof both the DLCs and the__Coclusioassembly have been assessed by the DLC n ns

manufacturer and the PinellasPlant, which The MC4169 has been shown to meet the
manufactured the assembly.Those reportsare designrequirement.The margin testingin the
includedinAppendixD. environmentsshows theproducttobe robust.The

agingstudy,alongwithreliabilitystudy,indicates
thatthe MC4169 willbe a reliableproductthat

Reliability exceedsthe required design life.
To assess the reliability over the life of the

program, Don Wright (Org. 335)did statistical Referencescalculations using the assumption that 125 units
will either be environmentally tested or used in 1j. R. Miller and H. K. Street, Development of a
surveillance testing. His report, included as Hermetically Sealed Double.Layer Capacitor, SAND88.
Appendix E, shows that the goal of 0.995 will be 7003, Sandia National Laboratories.

2M. A. Dvorack, Development Status of the MC4169
met over the life of the program. Double.Layer Capacitor Assembly for the B61 Common

JTA, SAND89.2218, Sandia National Laboratories,
February 1989.

3D. E. Evans et al., "Capattery Double-Layer
Capacitor Life Performance, _ CARTS '91, 1lth Capacitor
and Resistor Technology Symposium, April 1991.
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SE3211 Description

Introduction

The SE3211 is capable of measuring the equivalent series
resistance (ESR) from ImOHM to 19.99MOHM, capacitance of
double layer capacitors (DLC) rated at 60 volts or less, and
leakage current of DLC's rated at 50 volts or less. There
are 16 available channels. Test measurements can be made on

a single channel, all 16 channels (00-15), or any number of
consecutive channels (i.e. 08-10). However, all channels
used during a test must be at the same voltage• Data are
displayed and stored on floppy disc or printed. The
following descriptions are very basic in nature and are for
information only. This document will refer to opening and
closing of relays to aid in explaining the functions of the
SE3211. However, most of the SE3211 functions are software
controlled and the user will not be required to understand
these functions. This document is not intended as an

operation or maintenance procedure.

Components

The SE3211 consists of a Hewlett-Packard 3852A data

acquisition/control unit with a 3853A extender chassis,
HP4262A digital LCR meter, HP6228B dual power supply (0-
50V/O-IA), HP6038A power supply (0-60V/0-10A, 200W), HPI50
computer, and an HP9133 disk drive. The data
acquisition/control unit and extender chassis contain the
following plug-in accessories:

1 - 44701A 5 i/2-digit voltmeter
, 1 - 44705A 20-channel relay multiplexer

1 - 44728A 8-channel relay actuator (300V/5A max)
5 - 44725A 16-channel general purpose switch (30V/I.5A

- max)
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Relay Nomenclature

When referring to a specific relay, switch or mux channel the
format is SSCC, SS is the HP3852A slot number where the
accessory card is located and CC is the channel number of the
relay, switch or mux channel. For example relay #i00 is the

• Lc r_lay in.sl_t l'channe_ O0 (see fig_ i). The HP3852A data
acquisition/control unit has 6 slots numbered 0-6 and the
HP3853A extender chassis has 9 slots numbered 10-18, but only
i0 and ii are used.

Slot #'s 1-4, LCR Meter Connections

The schematic diagram in Fig. 1 shows the configuration of
accessories and instruments in the SE3211. A DLC is shown
connected to tester channel 00. Channels 01-15 are omitted

for simplicity, but would be similar to Channel 00. The LCR
meter is used for measuring ESR only. The LCR meter requires
a four-wire connection to accurately measure ESR since cable
resistance is significant in most cases. The four-wire
connection consists of high potential (Hp), high current
(Hc), low potential (Lp) and low current (Lc). The four
wires must be separated until connection to the device being
tested is made. At which time the Hp and qc leads will be
attached to the positive terminal of the DLC and the Lp and
Lc leads will be attached to the negative terminal of the
DLC. To accomplish this, and maintain a 16 channel
capability, a separate 16-channel general purpose switch is
used on each of the four wires. Slot #i in the HP3852A is
the Lc switch, slot #2 is the Lp switch, slot #3 is the Hp
switch, and slot #4 is the Hc switch.

Slot #5 -Test Selection Relays

The 16-channel switch in slot #5 is used to connect a DLC to

one of four possible "tests". For example when relays
500,504,508 and 512 are closed the LCR meter can be used. By
closing relays 501,505,509 and 513 the HP6038A power supply
can be used to charge DLC's on selected channels.

Slot #6- Relay Multiplexer

Slot #6 contains a 20-channel relay multiplexer (MUX). The
MUX is used in conjunction with the DVM in slot 0 to read
voltages on the 16 DLC channels (mux channels 600-615), one
i00 ohm discharge resistor (mux channel 618) and one i00 ohm
charge resistor (mux channel 619). MUX channels 616 and 617
are unused.
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Slot#10 - Leakage Current CVR's

In slot #10 of the HP3853A there is a 16-channel switch that

is used when making leakage current measurements. A ten ohm
resistor has been installed in each of the 16 channels on the

, normally open position of the relay so that when the relays
. are,clo_ed the. _9. ohm Desistors.wil_ b_ in series with the .

DLC's on each of the 16 channels. When the relays are left
. open slot #i0 is part of the Hc leg of the circuit. When

leakage current measurements are being made relays in slot #3
must remain open so as not to short out the 10 ohm resistors
in slot #I0.

Slot #11 - Power SUDDIV Confluuratlon Relays

An 8-channel relay actuator is found in slot #11 of the
HP3853A. These relays are contact protected and are capable
of handling higher currents than the 16-channel switches.
Therefore when charging or discharging a DLC, the 16-channel
switch relays are closed before any of the relays in the 8-
channel actuator. By closing relay 1100 the HP6038A may be
connected through a 100 ohm series resistor to any of the DLC
test channels either individually or in parallel. When relay
1101 is closed the 6038A may be connected directly (no series
resistor) to the DLC test channels. Closing relay 1102
allows use of the HP6228B left supply and closing relays 1103
and 1105 allows use of the right supply. In order to use the
left and right supplies in parallel relays 1102,1103 and 1104

1 must be closed. The right and left supplies may be used in
i series by closing relays 1102 and 1105 but this also requires
I a front panel jumper wire from the left minus (-) to the
I right plus (+).

1 ESRMeasurements

! ESR measurements are made at 1 kHz after all selected

( channels are checked for voltage and discharged if needed.
I Relays 500,504,508, and 512 are closed first and then 1XX,

2XX, 3XX, and 4XX are closed. XX represents the tester
channel currently under test. There is a built in pause in

I the software to allow the reading to stabilize before storing
t the value. Each selected channel is tested in succession.

l Figure 2 shows only the relays used for an ESR measurement on
t tester channel 00. Note that the relays in slot #10 are in

i t the normal position for this test. (i.e. the 10 ohm CVR's are
r not in the circuit).
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Ca_Dacltance Measurements_

Voltage on all selected channels is checked and discharged if
necessary. The HP6038A power supply is set by the SE3211 to
the proper voltage for the specified capacitors (60 volts
max) and current limited to 3 amps. Relay_ _01,50%,509, and

' " " 513 are closed to allow use of the HP6038A power supply.
Relays 1XX, 2XX, 3XX, and 4XX are closed (XX is active
channel number). Then relay 1100 is closed and a timer is
started. The DLC currently under test is now charging
through a 100 ohm series resistor and the DLC voltage is
constantly monitored. When the voltage reaches a previously
specified level the timer is stopped. The time is divided by
100 (100 ohm resistor) and this is the capacitance value that
is stored. Each selected channel is tested in succession.

Figure 3 shows only the relays used for a capacitance
measurement on tester channel #00. Again slot #10 is in
normal position. Relay mux channel 619 is used to monitor
the voltage.

Leakage Current Measurements

All selected channels are charged in parallel to a previously
specified voltage (60 volts max) using the HP6038A. The
HP6038A power supply is used initially because it is capable
of delivering 60 watts. However, the current limit is set to
3 amps maximum because the 8-channel relay actuator is rated
at 3 amps per channel and fused at 5 amps per channel. For
the selected channels all slot 1-4 relays are closed, then
relays 501,505,509, and 513 are closed to allow use of the
HP6038A. Now relay ii00 is closed and all selected channels
begin charging through a i00 ohm series resistor. When the
power supply current drops below 0.i amp, relay ii01 is
closed shorting the i00 ohm resistor and charging the
selected channels without a series resistor. This helps to
speed the initial charging of the capacitors without risk of
over-loading tester circuits. When the power supply current
drops below 0.02 amps relays 502,506,510, and 514 are closed
to allow use of HP6228B power supply. Note: The HP6228B will
be used for the leakage current measurements because is has a
more stable voltage regulation than the HP6038A. The relays
in slot #I0 are closed for selected channels and the relays
in slot #3 are opened to allow use of the i0 ohm current
viewing resistors. Relays in slot ii will be closed
according to the voltage requirements of the DLC's under
test. The HP6038A is now switched out of the circuit and the

DLC's are held at voltage for 30 minutes, after which cvr
voltage is measured on each selected channel. The leakage
current is calculated and then stored. Figure 4 shows only
the relays used for tester channel #00 during the pre charge
of the DLC. Relays in slot #i0 are in normal position at
this point and relay Ii00 in slot #II is closed to use the
I00 ohm series resistor. Relay i]01 will close when the
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power supply current drops below 0.i amp. When the power
supply current drops below 0.02 amps the relay configuration
will be as shown in figure 5. Note that slot #i0 relay I000
is now closed (i.e. the I0 ohm cvr is in the circuit) and
slot #3 relay 300 is open to allow CVR voltage measurement on

" . slot #6 channel 600. .. . . ,.

. DISCHARGING DLCeS

Before the start of a test, voltage on selected test channels
is measured. If voltage is greater than 0.1 volts then all
selected channels are discharged and shorted for 30 seconds.
Figure 6 shows the relays used for discharge and shorting of
tester channel #00.
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NOTES:

I. _ARK THE FOLLOWING INFORMATION PER ITEM 2, CLASS K-I. LOCATE
APPROXIMATELY AS SHOWN,

{_,' UNIT NOMENCLATURE USING .25 HIGH CHARA(:TERS.
APPROX. INCH

_ DLC (CI,C2,
:> PART NUMBER AND TWO DIG)T SUFFIX USING APPROX, .125 INCH CHARACTER c,HIGH CHARACTERS.

{_ DLC 1C1, C2,D
HIGH CHARA__> MANUFACTURER'S CODE "GBV" USING APPROX..125 INCH HIGH CHARACTERS, WHICH

DESIGNATES GENERAL ELECTRIC, NDD AS MANUFACTURER,

. MARK CONNE
_SIX DIGIT SERIAL NUMBER USING APPROX. 125 INCH HIGH CHARACTERS, SEQUENT ,125 INCH HIALLY

ASSIGNED. LOCATE APr-

_ THREE DIGIT DATE CODE USING APPROX..125 INCH HIGH CHARACTERS, TYPE IA 3. MINOR SCRADATE CODE SHALL IDENTIFY MONTH AND YEAR OF ITEM 1 ENCAPSULATION. GROUNDS FC

{t_'_ THREE DIGIT LOT NUMBER USING APPROX..125 INCH HIGH CHARACTERS 4. REVIEWED. _..__

_DLC DESIGNATION C2 OR C3I USING APPROX 125 INCH HIGH CHARACTERS _ SERIAL NUM_(CI,

_ DLC C2 OR C3} THREE LET FER MANUFACTURER DESIGNATION, USING APPROX
(CI,

.!25 INCH HIGH CHARACTERS

_ DLC (C1, C2 OR C3) SERIAL _U_BER USING APPROX.._25 iNCH HIGH CHARACTERS /
/

/

C
{

q,

- -xx xx Jc2-×xx-×xxx- xx-xx
/c -xxx-×xx×-x××-xx



I_SS__S;#N[[T_ R[Va|tONS ........, o, , l o.,, 1c.:,tm0.CONtROl,NUUB[R PA_L'OBY

_,,797-00IKI T_ ;';T_oN 9;;,_3-;'_Ia.7.92| l--- JDSGRO,.P
N CLARK, SA-2526

C3) THt, EE DIGIT DATE CODE, USING APPRbXr ,125 iNCH HIGH

C3} TW3 DIGIT LOT NUMBER, USING APPROX, .125 INCH
._TERS,

CTOR Ot SIGNATION "JF' USJ_'JG APPROXIMATELY
3H CHAGACTERS PER ITEM 2, CLASS A-2-A,
ROXIMAIr.,.,..,Y AS SHOWN,

rCHES OR DEFECTS TO CHROMATE COATd',_"; SHALL NOT BE
R PART REJECTION.

ALL RECU_REMENTS ARE /D/ EXCEmT T',-4OSE _ND_CATED AS /M/

}ER SCRBED _N rND_CATED AREA _S ACCEPTABLE

,I..

[NAiIOO241BBGOOI I'CAPAC,TORPKG REOrS F--F........F--2_--
iNA__L_F411797-000 _ATA "TRAF_S-M-_TA-L--F-O-RM, MC4'69 L- L---_6

LNAJPS,4,,_,_.... ---FX-_d.;.',i9......... ....... L--l. --L"_T--
_1PT3"392"'6", ,' J_TES"EETE_ i _' [' [ _3
L' '_ 41'1"/97-'E'02 .... -lo --'_,,_'P"t_C'_EO-GR--_, P"r3-jg-'_-MC43F_9 r-- F F- 22 -

AM411797-001 LOAd PROFILE DISK, PI3392/MC4169 '_

NA AF392795-000 OPERAT/I_G PROC, uA5565/MC4'169 INC ....... i"9

NA AF392592-002 OPERATING PROC, PT3392/MC4169 E ; t8

NA AM392592-001 1.O--_ PROFILE DISK, PT3392/MC4!b.; VIB _ ......... 1-;,....
NA $0392592-001 LOAD PROFILE 0OC, PT3392/MC,4169 ENV 16

__ NA AM392591-001 LOAD PROFILE DISK, PT3392/MC4169 15
'SHOCK AND LINEAR ACCELERATION

___} U A5743-OOO DLC ENVIRONMENTAL TES T BOX , ' . 14

1 UA5565-000 DL_ DEVELOPMENT TESTER " 13

1 CB3841-O00 " OL( TI_ST CABLE .......... 12

1 CB3843-000 .... DLC TESTCABLE ....... 1t

,/ 1 CB3844-O00 DLC TEST CABLE - - I0

/ 1 CB3152-00'O' CONNECTOR CABLE 9
/ ,, ,....

1 CB3163-001 ENVIRONMENTAL CABLE 8

1 CB3B03-000 ENVIRONMENTAL CABLE 7

> I CB3842'000 DLC TEST CABLE 61 CB0868-000 CABLE ASSEMBL_' 5

t ._. 'i' 39t073-200 SHORTING PL'UG " 4
_-,... > NA 9900000 .... GENL MFG REOTS /M/ , , 3'

NA 9919100 GENL MARKING /M/ 2

1 391()-45-200 UNIT EN'cAPSULATION 1---, ,,,. .. , ,,

PART/CONTROLNO. Or3CRIPTION/MATERIAL NOTE SHEET ITEMZONE

,,,-,,:.:,_L_ _ 9 1011_2',_1,.1516,7',__92_21_,2_:_6_
""El i I i [ i i l I I l I l I I I I i I llPART
COO[

_.!ET JI J;.)J.iJ,_iS J6 ,u, ',._(C_A.,_,CATION..
.,_,__ MC4169, DOUBLE LAYER
PART :LA$$11rlC_T'ON CAPACITOR PACK

UNCLASSIFIED r,RS, _AO{ fOR MC4169 TIE/SAIPP

UNCLASSIFIED D 411797

......... J " l,$c,,1,,21.],.lsc,E _/1 ]_$.di_O_-
STATUS lOR'O'NPP-CAL-7 0
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;_IOTES;

I. MARK DESIGN AGENCY PART NUMBER PER ITEM It, CLASS H-I. B, PLACE ITEM 5 IPARALL
AS INOICATEO, CRIMP

MARK SUBASSEMBLY SERIAL NUMBER PER ITEM it, CLASS METHOD OPTIONAL, REE-l-B,
LOCATE APPROXIMATELY AS SHOWN.

9, APPLY ITEM 8 TO ITEM

ORIENT ITEM 7 AND SECURE USING ITEM 6 (4AS SHOWN PLACES),
TORQUE iTEM 6 TO 3.25m.25 IN/LBS, tO, GRAPHIC REPRESENTAT

EXACT PRODUCTION RC
4, LIGHTLY ABRADE SURFACE OF ITEM 2 TO REMOVE MOLD FINISH

AND BLOW DRY WITH ITEM 17, II. REVIEWED. ALL REQUII
INDICATED AS /M/.

5. CLEANING PROCEDURES:

ft.1 CLEAN AND DRY ITEM l. DEGREASE PER ITEM 15 FOLLOWED
BY RINSING IN ITEM 16 AND BLOW DRY PER ITEM t7

5 2 CLEAN AND DRY SIDES AND BOTTOMS OF ITEM 4'S BY RINSING
tN ITEM 16 AND BLOW DRY WITH ITEM t7. GENTLY WIPE TOP
OF ITEM 4'S WITH KIMWIPE.

6 PRIME BOTTOM SURFACE OF ITEM 4 (3 PLACES) USING =TIM 9
AND BOND TO ITEM 2 USING ITEM t2, (USE 46At15657P001,

POLYURETHANE PREPOLYMER IN LIEU OF 2526812). /
/

7. PRIME ITEM 1 USING ITEM 9 AND BOND ITEM 2 TO ITEM 1 /
USING ITEM 12

{

Q =! I;1'

I )"

+

CAOro_uAr o[ro_ 4 I 3



i

"_'_ CON fROt,PARtNUM_[ROil L_ _ RE VI_IONIJO| _CRtP I_ON I O&1[............................................_ 1

-200 Irl ICpFANN,NG _'_"_"/ _3_7_ I I /
'JD SGRO, PP

EL SPLICE) OVER WIRES TO BE JOINED N CLARK, SA-2526
NO SOLDE_ USING ITEM 3 PER ITEM 14,
MOVE EXCESS FLUX USING ITEM tB.

5, 4 PLA:ES.

ION OF WIRE ROUTING IS NOT NECESSARILY
UTING, S|E SCHEMATIC FOR WIRING PROCEDURE

_EMENTS /RE /O/ EXCEPT THOSE :

AR 46AIO2309POOt NI TRO'GI_'N ............... /M; ......... [ -17
'AR 4601031 " ALCOHOL,' ISoPROPYL ................. _/M/ _-_6--16 -
'NA 99'06006 ............ _/'APOR-'DEGREASiNG ............ /M/ .......... _1_
NA 9913000 SOI._'E RING ....... /MU,_'-" 14

NA 9927104 rENCA"PSULA'TION. POL'f0RE-rHANE /M," 12

INA 9919100 GENL MARKING /M/ II

/ 'NA :9900000 .... [G"ENL"MFG REQ'r.......... ;M/_'-_ ..... )--0---
AR 'SS29533'4-200 ........ ADHESIVE,. URE.THANE ............. 9
AR'46AlOI735PO03 ...... SHRINK- TUBE

1 39'i'07'2:200 .... CONNEC'TOR A'SSEMB'LY .... _[ i i[ 7 I
4 "MS35206-2'i3 ' ' ScREW,"PAhl HO (.tt2-40UNC' 2A) 6
4 393904-200 PARALLEL SPLICE ................... 5"

"'3 392576-00 ....... DOUBLE LAYER CAP'._cI'rOR ....... 4
_-- AR 118AI207PO01 ...... SOLDER .............. 3

1 392666-200 INSUL ATOR,'""(:_APA'CIf 0R ................. 2
....... .= ...........

I 388479-200 PLATE, BASE 1

PAll T/CONTROL NO O[ _CRIP lION/MA l [IIIAL NOr{ _H[[I ITEM/ON(

,-_t ±_.i._L.._.L_L_
PART

CODE

__L._L_ CAP ACIT OR
P.., CLA_s,r,c.,,O. SUBASSEMBLY

UNCLASSIFIED f,._, MA0[rol_ MC4169 TtE/SA/PP
ORAWING CLA_,_IFICA|ION _IZ[i ORAWING NUMBER

I

UNCLASSIFIED _ 3884 12

..... Sr,_tu'--'-'/ " ]'OmG,N GE-CAL-4.1
2 1 c(- .-..1.,., ,i1_
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JME, Inc. i_t.. N0,I6-TS[-?._5;" P,Pr,16,91 15:C,.:_ F.O

i 1_.!4Col44/15(,09lAP,;4014_1U_gh
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Mr. Ciiff Wagner
O_ ^ere, apace, Neutron Devices
P. O, Box 290_
Largo. Florida 34_49

bea_' Cliff:

You isked lot comments on ilectrleal aa:fety Issues _elatin_

to the use of our Capattery double layer capaoltor. Althou_h
not an expert on this eub3ect, X ore pleased to provide you
witP, th_ In_or_atlon Z have.

We routlne]y handle single, charged, 11 V, 0.56 F feted
Car._tterle. without tokln9 any special preoautlons _gein_t
electrlcei shock. Touchln_ the capacitor leads with one's

flnget_ creates no _.ercoptlble _enaatlon, and doGe not
measurably diech0rge the capacitor. Th_ee eerles-_onnocted
cepacltore O{ the same ratin_ char_ed t_ 3_ volta have
slmilar effect.

Fro_ my _Imited Inveatigation o_ electrical safety, it
appear_ that dc voltages below 50 V ere not considered
eerioua health hazerda. Z reference the following Sections
of the 1990 edition of the "Natlonal Eiectrlcal Code"
(N_tional ¥_re Protection _s_ociation, Batterymerch Pork,

guincy, MA,, 02269).

110"17 GUARDING OF LIVE PARTS (600 V, nominal, or lea_)

(a) Live parts guarded egalnet accidental contact.

Except es elsewhere requlred or permltted by this
Cod_, llve porte of electric equipment operating
at 50 volta or more shell be guarded against

accidental contact by approved enclo_ure_ or by
' any O_ the fol/owln_: .....

• 460-6 DISCHARGE OF STORED ENERGY (Capocitora 600 V, nominal,

or lea_) Capacltore shall be provided with a means of
di_char_In_ _tor_d energy.

(a) Time o{ Dimchsrge. The reaidual voltage of a

coF._Itor _h_ll be reduced to 5C. volta, nominal, or
leaa, within 1 m_nute after the cepecltor Am
disconnected from the _ource of aupply.



e

400-8 _ATI°_NY LOCATION_, Battery locattona abel1 con_or_ to
(a) and (b) btlow, ' .

(a) Ventilation, .....

(b) Live Perte, Guarding of livm pertm ahall compZy
with be_tion 110-17. (Iilted above)

Z hope theae ¢om_ent8 are adequate in addre&aing the iaaue,
Pleaae phone If you nlod additional information.

1

_lncerelyp

John N. H_ller
Evona ConBultent

cc Davld A. Evana
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ABSTRACT

An analysisof the Double Layer Capacitor (DLC) was performed at the PinellasPlantto
determine itspotentialfor producingphysicalinjury. The DLC is a low voltageenergy storage
device. The destructive effects produced as the resultof the release of stored energy relates to
both the rate at which the energy is absorbed and the energy density which occurs in the
absorbent. The energy buildup in an energy-absorbing element is sensed as heat and is
dissipated through heat flow and infrared radiation. Heat is represented by molecular and
atomic vibrations. The level of these vibrations is, in turn, related to the absorbents
temperature. Analysis for potential temperature rise in human flesh provides an indication of
injury risk to humans from a low voltage electrical energy storage device.

The conclusion for the work is that the voltage and current associated with either the DLC (11
volt, 0.5 farad) or with three DLCs wired in series (34 volt, 0.1 farad) is too low to present a
significant injury risk to individuals.
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INTRODUCTION

Minimum injury risk and safe human contact with potential injury-producing material, compo-
nents, equipment, and processes is a major objective in operations at the U. S, Department of
Energy (DOE) Pinellas Plant. A Double Layer Capacitor (DLC) electrical energy discharge inju- °
ry risk analysis was performed to address this objective. To this end, an analysis was per-
formed on the DLC to determine the risk of injury from electrical discharge.

Q

BACKGROUND

BURN POTENTIAL

:l'heeffectsproduced as the resultof the releaseof electricalenergy intoan energy absorbing
body are relatedto boththe rate at whichthe energy is absorbedand the densityof energy
occurringas a resultwithinthe absorbent. The energy densitybuildupwithinthe absorbentis
sensedas heat. Heating occursas the resultof molecularand atomic vibrationand
interactions. The levelof thesevibrations/interactionsis, in turn, relatedto the body's
temperature.

Recognizingthat (by definition)it requires1 calorie of absorbedheat energyto raise 1 gram or
1 cm3 of water 1"C, and assumingthat humanfleshis essentiallycomposed of water, 1 cm 3 of
fleshwill Increase1"C intemperature for each caloriereceived, t_:3ain,by definition,1 calorie
equals4.1868 joules,and 1 joule is the equivalentof 1 electricalwatt-second. In symbolic
form:

1 calories (1)J = Pt = 12Rdt = 4.1868

Where: J = Joules
P = Watts
t = Time
I = Current
R = Resistance

Toapproximate the temperature variation in flesh with time, it is necessary to have an idea of
the energy source's discharge current into the absorber as a function of absorption time. The
current may be approximated (if it is assumed that the electrical resistance of flesh is a
constant expressed in ohms) by employing the electrical circuit shown in Figure 1.
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Where: E = Electric Potential
-- Rc to "_ C = Energy Storage

CapacitanceC I = ElectricalCurrent

E < RF _" EF Rc= InternalResistanceof
• ! .... Storage Device

I RF= Resistance of Flesh
, _.. _ EF= Initial Voltage Applied

to the Flesh

Figure 1. Equivalent Electrical Circuit for Electrical Energy Absorption by Flesh

Solving the Figure 1 differential equation for the current flow as a function of time, the following
equation is obtained:

I(Fc) = RC + RF e- (Rc + RF)C (2)

Employing equation 2 in equation 1, and evaluating the integral portion of equation 1 over the
interval to --+tx, (to = time zero):

, ( )( )Xo RFI 2dt- CE2 RF e(Rc+RF) C2 Rc + RF 1 - (3)

Now:

EF = RF
RC + RF (4)

And:

tx -2tx

Now, if the energy is delivered to 1 cm 3 of flesh, the temperature rise (AC ° = temperature
change) will be:

" )7• 4.186
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To obtain temperature in degrees Fahrenheit:

AF° = 1.8 (7)
AC o

Equations 6 and 7 provide a (relative) value of temperature rise under the defined conditions
based on absorption into 1 cm3 (i.e., normalize to 1 cm3). If the volume should be other than
1 cm3, it is recognized that the temperature rise will vary inverselywith the volume change: '

C° @ different volume = (C ° @ 1 cc ) (8)
(new volume)

Based on this data, the temperature at a point of electrical contact with flesh can be extremely
high. A charred condition would be noticeable at this point.

EXPERIMENT

FLESH RESISTANCE

In the context of this analysis, flesh is considered to consist of skin, muscle and fat. The skin is
normally the first part of the flesh to make contact with an electrical energy storage system. To
gain some knowledge of typical skin electrical resistance, 20 individuals were measured.
Using a Fluke* Model 8020A digital multimeter, skin resistance was found to vary over a range
of 13 megohms to 180 kilohms, (at a temperature of 75 _ 5°F and relative humidity of 55 _
5%) with a mean of 4.2 megohms. In this case, the mean has little value, as the individuals
most likely to receive the worst injury are those in the 180-kilohm range; they would absorb
energy at the highest rate.

The measurements were made at a spacing of approximately 1 cm, employing the meter test
leads gripped by the thumb and first finger. An additional set of measurements were made
between the fingertips on the left hand and right hand. A high of 27 megohms, a low of
600 kilohms, and a mean of 5.5 megohms were obtained, not a real significant difference. For
these series of measurements, the Fluke multimeter contained a 9-volt power source.

The next concern was the dependence of the skin resistance on applied voltage. Since
caution has to be exercised when using higher voltages with human subjects, a substitute was
employed. A fresh (never been frozen) chicken leg was obtained. Measurements made on the
Fluke multimeter with the chicken skin indicated a resistance of 1 megohm, whieh fell in the
range of measurements performed with human subjects. The voltage level was raised to
35 volts dc, and the initial current flow was measured. The resistance results are given in
Table 1.

Q

*Trademark, John Fluke Mfg0Co. Inc.

68
3



Table 1, Skin Resistanceof Chicken Legat 35 VoltsApplied

Skin Muscle Fat

, 35 mA 111 mA 11 mA
1000 ohms 315 ohms 3150 ohms

, i i i i ill, , ii i i i

i

The resistance dropped by at least three orders of magnitude, a highly signiflcant amount,
especially if these currents are envisioned as potentially passing through the heart.

To determine the time effect, voltages were applied for up to 5 minutes. In each case, the
resistance Increased with time. The flesh in the vlclnity of the electrode gradually took on a
cooked appearance which spread through the flesh with time, At the test electrodes
(essentially point contacts), the flesh bubbled and emitted steam.

When the above experiments were performed with a DLC at a voltage of 33 volts, equivalent
results were obtained.

The cooking observed is not surprising if equation 9 Is applied to the DLC situation, The
equation indicates that if no heat conduction away from the contact site occurs, 1 cm of flesh
(skin, muscle, or fat) would be raised to 615 °F above body temperature, This temperature is
unlikely, as the water in the flesh would turn to steam at 212°F and produce bubbles or vent as
steam, limiting the temperature to approximately this level,

DOUBLE LAYER CAPACITOR OPERATIONS

The DLCs of thiswork are carbonsulfuric acid based units. The case istantalummetal which
toleratesthe acid welland givesa rugged, sealed unit suitablefor high reliabilitymilitaryor
space applications. The unitsheader has a glassto metalseal around the lead. The cathode
is connected to the tantalumcase. The case has a welded seam to assurea completely
sealed unit.

The device is essentialy non-polar. The DLCs are rated at 11 volt maximum working voltage
and 0.47 farad capacitance. These units were designed to have low equivalent series
resistance (ESR) values less than 2 ohms. The ESR is very temperature dependent and
decreases as the temperature increases.

Assemblies consisting of three DLCs wired in series are made in the plant. The DLCs are
secured in a dense polyurethane base to assure electrical isolation from each other. The
subassembly is overpotted with lower density polyurethane and ts encased in an aluminum

' case. The assemblies are rated at 34 volts and have nominal capacitance of 0,10 farads at
room temperature.

Capacitors can be dangerous eiectrical shock devices and the comparatively high capacitance
values associated with the DLCs was a cause for concern. In particular the joule ratings of
three fully charged series connected capacitors in an assembly was fairly high at 96.33 joules.
We consider charged capacitors rated at higher than 50 joules potentially dangerous and,
therefore, require a injuring risk study before use.
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The guidelinesand rulesapplicableto the elctrlcalshockevaluationsare based on the fact that
shockintensityis directlyproportionalto the amountof current forced throughthe body, Direct
currentsover 50 mA produce painfulto severeshock. Invostigatorshave reportedthat
alternatingcurrentsaround 100 to 200 mA,or directcurrentsaround 500 mA can be lethal.
The lethallityis associatedwithventricularfibrillationof the heart. Some work Indicatesthat
the DC current takes time to produce the effect, approximately three seconds. Greater than
approximately800 mA shockscause muscularcontractionsso severethat the heart clamps
duringthe shock. Althoughsevere burns,lossof consciousness,stoppageof breathing
occurs,the incidentis not fatal if resuscitationIs quicklyaccomplished.

Voltage is requiredto force currentthroughthe body, The magnitudeof the currentdepends
on the magnitudeof thevoltageand the resistanceof the body, I = V/R. Bodyresistanceis
highlyvariable. Literaturevaluesof resistancereported vary ,,'omone kilo-Ohm to 500
Kilo-Ohms. The lowestrecordeddealth byelectrocutionis 42 voltsDC Implyinga resistance
of 400 Ohms. The currentmust penetratethe skin to affect the heart. We are using a standard
model for body resistanceunderwet conditionsof 500 Ohms for each arm and leg and 100
ohms for the trunk [1]. Thus hand to hand resistanceis 1000 ohms.

Thevoltageof a singleDI.C in tills studyIs 11 volts, 19 maximum underovercharging,and the
joules ratingIs 30.25 joules;calculatedas 1/2V2C where V is the DLC rated voltageand C is the
DLC capacitance. The voltage value istoo lowto cause concern. If wet hands establisha
currentpath from DLC positivelead to negativelead, acrossthe chestand heart,then using
1000 Ohm body resistance,the current is i 1 mA (I = 11 V/100 _.Ohms). This current is below
the painfulshock leveland well belowthe lethalcurrentlevel.

The three DLC assemblyis stillat low voltage (34 volts)althoughthe joule rating is substantial
at 96.33 joules. However,if wet hands are broughtin contactacross the charged three
capacitorsthen the currentis 34 mA. Thisvalue isalso belowthe painful shock leveland no
loss of muscularcontrolis experienced. Thereforeone will reactto releasethe assembly
immediatelyas the shock is experienced, Howeverthe individualshould experiencea mild
shock. Three seriesconnectedDLCs havingexposedconnectorpinsor wires shouldonly be
chargedand dischargedwhen inan electricallyprotectedinterlockedtestcondition.

During developmentitwas an occasionalpracticeto dischargethe DLC pack with a 10-ohm
resistorheld betweenthe first fingerand thumb. The 10-ohm resistoris insertedintothe DLC
pack connectorto cause a discharge. The dischargetimeconstantinthis case would be
approximately1 minute, providedthe resistorremainsconnected. If the applyingoperator
were to remain in contactwith the resistorleadsfor the 1 minute dischargetime, the energy
dissipatedin the skinwouldraise 1 cm3, approximately6°F above bodytemperature. If a
break occurredinthe skin,the musclebeneath would be raised 18.45°F above body
temperature. In actuality,these temperatureswouldbe higher, as the energy would be
concentratedat the pointwhere the resistorleads make contact; therefore, an injuryrisk does
exist. However,the operatoris not expectedto hold on to the leads, while they are heating up,
and the current is below the let-go limit so that th,..consideration has a negligible probability o
of occurring.
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CONCLUSIONS AND RECOMMENDATIONS

Since one cannot predictwith certaintythat an Injurywould not occur, the following
recommendationsare made:

' • Review/revisethe safety policyfor low voltageelectricalpower sources,

• Design/fabricatea DLC safetydischargeload (UA6114) and provideproceduresfor
' minimizedriskusage, (Thisdesign has beencompleted;see AppendixA.)

• A DLC safetydischarge load devicewas constructedand its use duringassembly
constructionis requiredto assureassemblydischarge. The device sensesthe
presence of a charge (LEDIndicator);determinesthe voltageon the part, if desired,
usingan accompanyingvoltmeter;givesan indicationof dischargestatewhen
achieved(LEDs) and performs theact of dischargingthe part at the same time.

• Wear protectiveglovesor use othermeansto preventdirectcontactwith the DLC
electrodeswhere practicableat engineeringdiscretion. The subassemblyis carriedina
constructionfixturewhicheliminatesthe need for an operatorto come in contactwith
DLCsor wiringduring processing,

• Shortingcaps have been designed and are usedon the finishedassembliesto assure
that theyare storedand maintainedina shortedcondition.

• Set up a safety demonstrationfor personnelwho come in contactwiththe DLC,
employingthe experimentalproceduredescribedin this report, While video tapingIs a
possibility,it is not as dramaticas the visionof cooked flesh in one's presence,

• Assemblyworkersare requiredto take CPR coursesand to keep their certificates
current, In additiona plant videotape courseon capactorsmust be reviewedannually,

REFERENCES

1. U.S. Department of Energy Electrical Safety Manual (Draft), May 1991.
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WARNING - ELECTRICAL SHOCK

The UA6114 dischargesMC4169 and MC4224 DLC assembly packs, subassemblies, and three
gang DLC testsetup fixtureswhilealso ensuringsimultaneousevaluationof the state of charge
of these devices. The devicesto be dischargedhave up to three series-connected DLCs in!

them and, ifcharged, arecapable of giving mildelectricalshocksand/or burnsto individuals
priorto the act of being discharged,

4

1.0 GENERAL

1.1 Part Discharged/Tested _,

MC4169 DLC Assemblyor subassembly ._'__ _
MC4224 DLC Assemblyor subassembly "_l_!i_i_i:_

DLC Three Gang Fixture _i !__'

1.2 Safety Discharge Load Identification _J_!_!_"

UA6114

1,3 Safety Discharge Load Characteristics

a. Senses the presence of_iF_arge (LEDin=

b. Determinesthe voltage_i_lli_rt if desire, gvoltmeter)
c. Givesan Indicationof dis_h_r_'_i:_te when achieved (LEDs)

d, Performsact of dlscharging_e _'_
_li_, _ "

2.0 DOCUMENTS AND _Ui_MENT "_,_.

2.1 Required D0_eitts i!_:i:ii_,

total Healthand Safety (EH&S) Memorandumon Applicability
itandardNos, 2.1 and 2,2

_ikand C. G, Wagner, "Double LayerCapacitorPower Source
II Analysis,"GE NeutronDevicesEnvironment,Healthand
S_ Report,GEPP- EV- 1261, Unpublished

2.3 Required Equipment

a. UA6114
b. Partto be discharged/evaluated

c, Optional voltmeter with BNC connection cable

d. Optional power supply with 10-volt capacity

?4
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2.4 Required Facilltlea

Powersourceappropriateforpowersupplyandvoltmeterifused

3.0 PROCEDURES

3.1 Preliminary Procedures

a. UA6114 CalibrationVerification

Priorto operatingthe discharge/tester(UA4116),verifythat calibration
Intervalas shownon UA6114 calibrationstickerhas

b, OptionalUA6114 OperationVerification

Priorto operatingthe UA6114 to discharge e of a
pack, subassembly,or test setup, one can verify ce is working
as follows: Attachpin B on the UA61l_,dbonector to eit or
negativepost of the power supplyag_e.tta_h pin D to the osltecharged
post of the power supply. Set the_r s_tpplyto approximately10 volts
and verifythat the appropriateIlght'_'!_:_=_A6114 is lit, One LED lightsif B
is positiveand D Is negative;the othe_!!_iii_l_ghtsif B is negativeand D is
positive, Quicklyturnt power supply_O_i_ verify that the lighton the
UA6114 goes out. The es can be f_i|_d by attachinga voltmeterto
the BNC connectoron 4, BothII_ts shouldbe testedto verify
that bothare working, TI on shouldbe performedquicklyto
avoid heatingup the resis 14,

c. Optiona!_,,._i!!_geMeter Use UA6114

A vql_r,i!:_i_u!timeter, n_: _:_:__;_; be attachedto the UA6114 using the BNC
conn_:_;:i:_n_i_ii_114. The meterwillthen followthe voltageof the

object b_:'dlS__d.

3.2

connector

"%!ii_i'iit;_i! _!in_!:_nector (SA-1185-4) on the unit undertest. Note: The making of
_:_ i_:_on_ction automaticallydischargesthe unitunder test,

3.3 Til_;i!:':O:j)_eration

a. Connect the UA6114 to the object under test.

b. The UA4166 automaticallyand immediatelydischargesthe object under
test,

c, If the object under testhad voltage present when the connection was made,
, then one of the two LEDson the UA6114 will light up as the connection is

made. If neither LED lights up, then no voltage exist on the device under
test. Which LED lights depends on which pin in the connector was positive,
i,e., pin B or pin D. The LEDs are marked as +B / -D or -B/+D,

_r;
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d Maintain the connection until the light dims and slowlygoes out as the
voltageon the object under testdecreasesto near zero Thisshould
happen withinseveralseconds Voltagestatusof the object undertest can
be confirmedwith a voltmeter

e, Disconnectthe UA4114 from theobject undertest

3.4 Equipment Strorage

a, Simple disconnectionof the UA6114 is the equivalentof turning it off,

b Store In or on a clean dry draweror shelf ,_

4
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Attachment 1

Drawing No, UA6114, DLC Safety Discharge Load
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SandiaNationalLaboratories

date: March 20, 1990 Albuquerque. New Me_ico 87185

1o: N. H. Clark, 2526
#

&

from: D. L. Wright, 7222

subject: MC4169 Double-Layer Capacitor (DLC) Assembly Testing

This memo is in response to your request to review the proposed testing
for the MC4169 to be used in the B61 Common JTA. The MC4169 is an

assembly of three DLC's functionally in series which provide initial power

to the telemetry system until the thermal battery rises to voltage. The

DLC's are commercial components purchased as six-digit parts. I have

reviewed the current issues of the PS's for the MC4169 Assembly and the

DLC with respect to test data that should be available for assessing the

reliability of the MC4169. I have also reviewed ST389621 which describes

the planned long-term surveillance program for both the MC4169 Assembly

and the DLC. I estimate that at the end of production there will be

approximately 125 MC4169 units that will have been selected for

environmental sample testing or for long-term surveillance. Assuming zero

failures, these units will support an assessment equal to the 0. 995

reliability goal for the MC4169.

In addition to the MC4169 testing, there will be both environmental

acceptance and surveillance testing of individual DLC's. It is not clear

at this time whether the individual DLC testing can be combined with that

of the MC4169 for assessing individual DLC reliability because of concerns

about different environmental effects between the two types of testing.

It is my hope that as we gain experience with the DLC's, we will be able

to rely on the DLC level testing to predict the MC4169 capability. This

could al]ow a reduction in testing required at the MC4169 level. While

this is similar to the approach used with LAMB power supplies, it is not

as critical because the MC4169 and DLC testing are not considered

degrading.

Copy to:

2526 P. C. Butler

, 7222 G. C. Novotny
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