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CHAPTER 1

INTRODUCTION

* The Vought Missiles and Adx'a:& ed Programis Divi]sion of l.TV Aerospace andlc
Defense Company is developing an NC -1I06 Mul t i - Order Grad i -nt ,Noise -CancellIingj,

Microphone (MONCM) under U.S. Navy, Contract N000'39 83- C-00318 . The unlit is
designed to be worn bY the user so that the iIcrophone is just inl fronto atht.
user-'s face. The MONCM requi res anl inte rnal pnwt'r soutn ciIi t will c'aiit I ticanisl '

supply' 3 volts (V) at 90itA for 12 mont hs. V oujglit has pro apa 1 d tht u,- ni-a ia

lI thiurni/poly -carhoinioniof] uoridet( cell1 to apro'.'ide th li lqil 1d Thre, I-
oper at i I, tenpe raIt Ir ran( e of d nt I1ITit 15 -4 a: 1t I LT t Ihaa(P-lIwalI~ (I >~.~

is const ructed of LEXAN plast ic mitul-f:t urI-d bV (,I-'ili I", C I I i C. lIt - i.t-d, atf

I.EXAN Used for the MONCM is LIXAN 141l ac i'adiurn r, se' pl'(ilu: ill

ratecd by the nanufac tl-urer to h)e Ii men'; i oi.i I I . stablt I11 :opa 1

At the request of the Naival Fkict rattls S%'stcal' lt~itt

w eapons Center, Vh it e Oaik ( NSVC ,, '(), ttatc thec MI)N<MI utah it tia It * jit i
in NAVSEA I NSTRUCTI'ION 9)310.1IA in) oirder toa ctiretl tht Ia ' h i% I I lit. k il

wh enI t he I i th i umn ce 1 was sub]I c t c d t a Oi~w~. . 'IL t e kit It (I' Tt . ' 1 a-

has is f or a recornenda-t ion as t a th 11 n 1,1i t asat .ii Vi d I ll I Ilit a

singic'e Pa a o i .)- f t " F -T l

MONCM un it . This eellI is a Ii th11i ln palv'-ea'bant'aot lkat'id- II I .
dSpec i f i ('at i ons, faor tlitl' - 1 iA rj a t emperia tui'l' aperi',t illi' e0 cti

,FThe lioin i nia I c apac i tv o f t he cc'. I I i s 6 5() in i I 1 i ainp It, - Ibuots 1I..ii i I %d 1. V
1 :

('on't i ntous cira iITt rat c i s I 20 i 1I I i- ainperas (mA) li 1) ()!' I I a

is 3VV
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CHAPTER 2

EXPERIMENTALI

CELL TESTING

Three cells were heated to temperatures of approximately 500'C. Each cellwas heated inside a pressure vessel containing a different gaseous environment

(air, helium, and oxygen). Gas samples were taken from the pressure vessel and
analyzed by the National Bureau of Standards (NBS) using mass spectrometric
methods. The open circuit voltage, as well as the external cell can temperature
of each cell, was monitored during heating.

Heating in Normal Atmosphere (Air)

A fresh, single BR- A cell was wrapped with THERMOLYNE BRISKHEAT flexible
electric heating tape. The cell was heated in a pressure vessel until venting
occurred. At this point, a gas sample was taken from the pressure vessel and
labeled as Sample gl. Heating of the cell continued until incinerat ion occurred,
then another gas sample was taken and labeled as Sample =2.

Heatingin an Atmosphere of Helium

A fresh BR-$A cell was wrapped with heating tape as before anid placed in a
pressure vessel containing a helium atmosphere. The cell was heated until venting
occurred; at which time, a gas sample was taken and labeled Sample -3. The cell
was further heated kintil it had been incinerated; another gas sample "as taken a"
this point. This sample was labeled as Sample ;4.

Heatingin an Atmosphere of Oxygen

A third fresh BR-4A cell was wrapped with heating tape and pl,ict*d in a
pressure vessel containing an atmosphere of oxygen. The ctcl1 w.s Ihtcd unt iil
venting occurred; at which time, gas Sample =5 was taken. <i S,,plt .h was, -
after incineration of this cell.

SYSTEM TESTING

Tests were performed on the BR-2A cell instilled in , >lV> ani : .
the effects of cell failure under abuse at the systems l.. 'ht.
involved short circuit, charging a fresh cell, chargingj' a di ;l'h 'd ,, I,. to!- mc.
overdischarge of two fresh cells, and heating MONCM unit,, co:*, ii .. i-i I ;I, ct.l ,.

%-

%5
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Short Circuit Test

A
BR--A cell was installed in a MONCM. Holes had been previously drilled in

the unit near each pole of the cell. Leads were connected through these holes to
the cell for voltage and current monitoring by a FLUKE DATALOGGER. The holes were
then sealed with HYSOL EPOXY. A thermocouple was placed on the -87 cell case to
monitor temperature. The cell leads were shorted for one hour. The resistance
through the circuit was .000101.

A second fresh BR- -A cell was installed in a MONCM unit and fitted with

monitoring leads as before. An additional thermocouple was added to the

arrangement by inserting it through one of the drilled holes and placing it on the
can of the BR--IA cell. The cell was shorted for 80 minutes. The MONCM unit is

pictured in Figure 2.

Charging a Fresh Cell
One fresh BR-IA cell was installed in a MONCM unit and leads were attached,

as above, in order to monitor voltage and current. Thermocouples were also
attached as in the previous test. This cell was then charged at the 1 ampere (A)
rate for 103 minutes, using a constant-current power supply. The cell was charged
so that it would receive 150% of the manufacturer rated capacity.

Charging a Discharged Cell

A fresh BR- A cell was installed in the MONCM unit with leads attached as

before. The temperature of the cell can was also monitored. The cell was
discharged through 611 at the 500mA rate for 45 minutes. Fifty- percent ot
the rated capacity was removed. The system was allowed to incubate at room
temperature for seven days. After the incubation period, the cell was charged at
the 1A rate for 45 minutes. This charge returned the cell back to its original
capacity and then added an additional 50% beyond the original capacity.

II
Forced Overdischarge of Two Cells ,

Two fresh BR-4A cells were force overdischarged in MONCM units at the 500mA

rate through 6W. The cells were discharged to 0 volts and then driven, with a
power supply, 150% into voltage reversal. The voltage, current, and thermocouple
temperatures were monitored as they were on previous MONCM units with one
exception; only the thermocouple on the cell can was monitored.

Heating MONCM Units Containing Fresh Cel-ls

Two tests were conducted as follows. A fresh BR-2A cell was inserted in thl

MONCM and voltage, current, and temperature moni toring leads were attached. The

MONCM was wrapped with THERMOLYNE BRISKHEAT flexihle elect r ic heat it,, tape. lleat
was applied to the unit until incineration occurred.

Data for the tests performed were collected with a FlUkt 2.'40B hataloi oggr at
NS~W</4O.

4
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CHAPTER 3

RESULTS AND DISCUSSION

The following discussions giv, The results of tests described in Chapter 2.

CELL TESTING

Cell testing consisted of heating Panasonic BR-+A cells in gaseous
environments to temperatures around 5000C. The cells were heated so that each
vented and, after further heating, was incinerated. Gas samples were taken of th-

venting products and incineration products. The NBS analyzed the si: samples by
mass spectrometric analysis. Figure 3 shows a gas collection vessel and the three
incinerated cells.

Heating in Normal Atmosphere (Air)

As can be seen in Figure 4, venting of the cell occurred approximately 19
minutes into the test at which point a gas sample (Sample =1) was taken as
indicated by *1. The temperature at this point was about 2400 C. Heatln'
continued until the cell was incinerated with temperatures exceeding 500 C. A gas
sample (Sample g2) was taken after the cell was incinerated as indicated by *2 in

Figure 4. Table I gives the composition in mole percent of venting gases as
reported by NBS. The venting products (Sample =1) present no health hazard to
personnel. Most of the components in this sample are merely constituents of air.
The components of gas Sample =2, taken after burning of the cell, were not
identified by the NBS because of the complexity of the spectra and the
to identify the source of higher mass fragments.

TABLE 1. COMPLETE MASS SPECTROMETRIC ANALYSIS OF THREE SAMPLES TAKEN
AFTER VENTING WITH COMPOSITION GIVEN IN MOLE PERCENT

COMPONENT SAMPLE
1 :: 3

S/0 (1.4 (1

()02 19 ,+

UAr 0).1 0l.

O (. 1 (). 1

HIC( 26) 0).0 0) . 0. t. ;

%U,

. ... 2 i n l ,h{t ~ H i ~ g l - ~
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Heating in an Atmosphere of Helium
I

After 25 minutes of heating the BR- -A cell in a helium atmosphere, a venting

occurred. A gas sample (Sample #3) was collected as indicated by *3 in Figure 5.
The temperature of the cell at this point was about 200 0C, and the voltage had
dropped to less than .5V. Heating continued until the battery was incinerated; at
which point, gas Sample #4 was taken as indicated by the *4 in Figure 5. As Shown
in Table 1, Sample #3 consisted mostly of He (99%); there were no toxic amounts of
harmful gases present. Gas Sample #4 was analyzed, but because of the complexity
of the spectra and the inability to identify the source of higher mass fragments,
the compounds could not be identified.

Heating in an Atmosphere of Oxygen

A BR .jA cell was heated in an oxygen atmosphere to about 2250 C, at which
point the cell vented. A gas sample, labled Sample u5, was taken as indicated by
*5 in Figure 6. The cell was further heated until it was burned. At incineration

the highest temperature measured was about 525 0C. In Figure 6, *6 indicates the
point at which the incineration gas sample was taken. Gas Sample =5 consists

mainly of oxygen (99%). There were no toxic amounts of harmful gases present in
the sample. NBS reported that specific compounds in Sample =6, as in the other
incineration samples, could not be identified because of its complex spectra and

the source of higher mass fragments.

SYSTEM TESTING

The following safety tests were conducted on BR--A cells that were installed

in a MONCM unit which utilizes a single cell.

Short Circuit Test

In separate tests, two BR- A cells were shorted in a MONCM unit. Data for
voltage, current, and -87 cell case temperature during the first experiment are
presented in Figure 7. The temperature peaked at 410 C 12 minutes into the test.
The BR-IA cell did not explode or vent during the test. At the conclusion of th

test, no change in appearance of the cell could be observed: no elect olve

leakage was observed.

The second BR-!A cell shorted was fitted with two thermocouples on on the
-87 cell case and one on the cell can. The data are given in Figure. 8 The
temperature of the -87 cell case peaked at 32 0 C, 12 minutes alter shortinl heg.: -il,

the temperature of the cell can peaked at 50 0 C, 10 minutes aft .r shorting hegr.i .

This cell did not explode or vent during the test; upon examination of the cell,

there was no change in appearance or evidence of leakage of electrolytt-.

Charging a Fresh Cell

A fresh BR- A was inserted in a MONCM unit and charged it the IA raite. :\At-,

20 minutes of charging, the current passing through the system fell to 1() mA.
During the first 10 minutes of this per iod the voltage cli vbed ,,hv 1 , ,d "t I
dropped to a steady OV. This occurred due to an increkase in impcdance in 'L-i
cell. During the time when the current was dropping, the tempera ur,, of the c. II
can climbed from 250C to 59 0 C. The temperature decreased throughout the rc.mai d, v

of the test. Figure 9 presents the data for this test. Th're were no explos iol-,

6
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or ventings and examinat ion of the cell1 after the st o 
%i' 

Wappearance or leakage of electrolyte.

CharpipgaDischar~,d Cell1

A BR-~-A cell was di Scii red at a cons;tant rate of SiibmA 0
MONCM unit through a 6u2 rt't'istor. This removed, in tinor',' )() ofi ,

from the cell . The data for this discharge are presenlt tl onlFigure 10. The temperature of the cell canl did not exced )0 diiii. 1The current fell from SQ0inA to 375mA after abhout one-third o' '~ 11 C

been compl eted. The cell and MONCM uniLt'er a] -l 0 OId

temperature for seven tlavs priorI to charginrg

The cell was to be charged f or 145 minut es at- a curr1enlt 11o: o :-:(' iA
rat e, with the vol tage Limited to approximatelyv 3V to sirim.i ca: :hii-i'.i,' 1,':4v .

c ellI. The current measured through the s s mdurin, this 1xr i , 's .

t han IlOmA. No externa;.l changes i.T tihe Cel 1 were obser'IVed .i dlK-r di 11.' or.4
cha rg ing.

Forced Overdischarre of Two Cells

co ista nl current rate of D-)ilm ,. F igu re 1)1 p ,re t s th e dat-a or tn lis t s: 
All..p

-shows, that the cell went into vol rage rcv'slabout FDmii s t

di! cliarge begani. The ccl I was well1 beha-vk-d during discharrge,.il srto:< -lp414.

of the ce'Illnot tcxceedinlg 52,)C. The? ceI did nlot t durF i ro UIP 'or> aild
afterIwards therle Were( no0 Vis ibl 1e s igns o f ei Ic e o c t 1- Fa-aC r'

A secondi cell was f orct(1 inito voltage reversall inl tiltic ':i:

precst'nt:Etd inl Figure 12 -1-c (Lat, ,:tre esseritral'; the Sliii( i; ill t i is

11, inc fiC h t s I C Poot A * 1 li' VtsW, i r IIliIIIrs

F 1 t i., I .. lit t l t I lit Ira; I pe t 11 t k0 iip o t l : w 1

I shi iz ~i t '' ' ir e ''ip it 'Iti on 4 t ( : ':.

ii 1 1114 t4 rlit III i 1 I

1 . F I 1 l ' i l [I 1b (1 4 14 4 t. . 1 n4 W 1 1 ' : 5 4 4 
% 1 1 4

1'' 1ii 4 Ft4 0! 1 : I: c~ .t4 144 14i : I 4 1i 1 1 1 4: , 4 '4 . 11 14 4.,

.4 !4 44' -I I

t d o II d n i i., s l
-111, C o lld tlT t I

i ' i I I l l t ' ,t I t I k t 1

t , It t. I t ,, I 1 1 !

t. . l'a t I Ft o il4'~ it. a1* 1 4 a a.
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Both cells reached temperatures in excess of 1790C, the melting point of

lithium, before venting. Therefore, the cells, as well as the units, are stable
up to the maximum operating temperature range specified for the unit (710C) and

the cell (85°C).

I

le

p..

8
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b1%* 
CHAPTER 4

CONCLIYS 10ON1S

The scenario for use of th li MW i-Or7der tiradi( ent, No eCrtIIlgMicro-phone
indicates that a p)ower SOu~rCe is neCeded that WilIl CeOt iuous I Vupl . 3W~j1 for 12

months. The temperature operatitng range of the microphone, is -. O C) 0 IG.

The plastic used for construc tion of the mricrophonle is dii iwnls i nal 1 v stable up
to l210 C, which is more than sutfIicientl '11 MCC' the- erp'a ,Spetif-iCiitionlS Of
the mic rophorne. The temperature range for ope ra-tion o)f the PlCiurason i BR - ;A polv-
c a ronmnonofl nor ide cell is -400C to 83 O( iich Inot s t he rpiresnt for the
bacttery. Heated cells reached teprtrsIn eye ';S Of ',l ffwJml t ing, point

of lithium, be fore vent ings occur red . Th'le -ejl Were fur t Ie r IWvatkd e1 the p0 in

of incineration. Mass spectrometric analvs is on vt-nt ingj gas i pl5 performed I),.

the National Bureau of Standards. nd icat et that the 1.,'tni c, prrd!'u c~s didi not

contain harmful amounts of toxic gases. Inc inerat ion plreduc: s could not he
W i ~ i dent if ied.

The MONCM un itr, cons tlruc t ed wi th t he -8 ' ce IIcaIse , Cont " i n1i 11 -, one Panasonic
BR- 2A lithiumT pol V C'110!nTIIIi- c ronm luoieel per forme-d well undo r- all abu sive

c ond i t i onls ou t I i nedi in NAVS EA I NSTR UCT ION 14 31 0. 1 A . Theretfore, .wE, recommend that
thIie MON CM u n it c o rI g e-a t i on re (I e4i is app))rop1)r iatl sae fir fleeCt U se

I
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