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RAPID, EFFICIENT CHARGING OF LEAD-ACID AND NICREL-ZINC TRACTION CELLS*

John J, Smirurick

National Aeronautles and Space Administracion
Lewis Research Center
Cloveland, Ohie

ABSTRACT

Lead~acid and nilckel-zine traction calle wore
rapldly and efficiently charged using a high rate
tapered direct current (HRIDC) charge method which
could possibly be used for on-the-road service re~
charge of clectrdc vehicles., The HRIDC method
tokes advantage of Initial high cell charge accept~
ance and uses coll gassing rate and temperature as
an indicator of clarpging efficlency. On the aver-
age, in these preliminary tests, 300 amp-hour
nickel=zing traction cells were glven a HRIDC (ini-
tiol current 500 amps, final current 100 pmps) to
78 percent of ruted ~rp-~hour capacity within
33 minutes at an anp-hour efficiency of 92 percent
and an energy efficiency of 52 percent, Three
hundred amp-hour lead-acid traction cells were
charged to 69 percent of rated wup-heur capacity
within 46 minutes at an amp-hour efficiency of
91 percent with an energy efficlency of 64 per-
cent, In erder to f£ind ways to Further decrease
the recharge times, the effect of pariodically (0
to 400 Hz) pulse discharging cells during a con-
stant current charging process (94% duty cycle)
was investigated, Preliminary data indicate no
glpgnificant effect of this type of pulse discharg-
ing during charge on charge acceptance of lead-
acid or nilckel-zinc cells,

LEAD-ACID AND NICKEL-~ZINC TRACTION CELLS were
rapldly and efficlently charged using a high rate
tapered direct current {HRITDC) charge method which
could possibly be used for on-the-road service re-
charge of electric vehicles. The HRTDC charge
method takes advantage of initial high cell charge
acceptance, and uses cell gaseing rate and temper-
ature as an indicater of charging efficilency,

On the average, in these ».eliminary tests,
300 amp-hour nickel-zine tractiun cells were given
a HRIDC (initial current 500 amps, [inal current
100 amps} te 78 percent of rated amp-hour capacity
within 53 minutes at an amp-hour efficiency of 92
percent and energy efficiency of 52 percent. Three
hundred amp=-hour lead-acid traction cells were
charged to 69 percent of rated amp-hour capacity
within 46 minutes at an amp-hour efficiancy of
91 percent with an energy efficiency of 64 percent.
In order to find ways to further imcrease zharge
acceptance, the effect of periodically (0 to
400 Hz) pulse discharging cells during a constant
current charging process (94% duty cyele) was in~
vestigated. Preliminary data indicate ne signifi-
cant effect of this type of pulse discharging duving

charge on charge acceptance of lead-~acid or nickel-
zinc cells,

INTRODUCTION

Becently there has been a growing interest in
electrie vehicles ne o viable mode of urban trans-
portation., This interest has been precipitated by a
shortage of domestic oil, and by a more pollution
consclous soclety, For an electric vehicle to he
successful 1t must, of course, ba accepted by poten-
tia'. users. The range of typical electric vehicles
of todny with the presont gencration of lead-neid
battevies is less than gbout 50 miles on a single
charge, For most users it is desirable to extend
this range., Also in some industrial Elect npplica-
tions inercased vehiecle utilization 16 needed, One
method of increasing an eleetrie vehiele's range and
utilizgtion may be to rapidly recharge the baktery
at a suitably equipped on-the-rond scrvice statien
in a similpr manner as IC vehicles now rafuel with
gasoline at a service station.

Various methods of rapldly chnr&%ng batteries
have been proposed and reviewed (1).™ In some of the
more promising methods the cell gassing rate is used
ta control charge current (1), Other rapid wmethods
employ pulse cherging (2,3).

After reviewing this literature, a high rate
tapered direct current (HRTDC) methad was selected
for preliminary tescs on 300 amp~hour lead-acid and
300 amp-hour nickel-zine traction cells. This
method takes advontage of the Initial high cell
charge acceptance, and uses the cell gassing rate as
an indicator of how efficlently charge is being ac-
cepted,

In addition, because of conflicting reports
concerning the benefits of pulse charging to chavge
acceptance (2,3) on the one hand and lack of demon-
etrable benefit ecn the other (1,4), a few explora-
tory tests of puvlse charging were also run,

In this poper the HRIDC method of rapld affi-

. clent charging is described, the results of HRTDC

charging of 300 amp-hour lead-acid and 300 amp-hour
nickel-zine tractlon eeclls are presented and the pre-
liminary results of a limited study of pulse charg~
ing on charge acceptance are discussed,

EXPERIMENTAL
CELL CHARGER - The cell charger used is versp-

*Parformed for the U.§, Department of Energy, Elec~
tric and Hybrid Vehilcle Systems Project under DOE[
NASA Interageney Agreement No. EC-77-A31-1011.

**Numbers in parentheses designate References at end
of paper.
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tile and allowo for operation in either the direct
turront or pulsc current mode {5), A wide range of
ndjustments of chargo current, discharge current
and pulse timing in elther direct curcont or pulse
current mode is avallable,

The charger has the following characteristics:

1. A charge {positive} current from 0 to 1000
nmpe .

2. A digcharge (negatlve) current Erom 0 to
W00 amps.

3. Charga and dischorge ecurrent pulses from 0
to 1000 Hertz,

4, Continuously variunble dischovge time from
0.1 to U0 millisaconds.

5. Provides zeroe cell curvent {zero cherge and
discharge current) controlled by an electronic sig-
nal,

G. Operates in either continuous charge or
continuous discharge meda,

The current switching is done with a water
eooled high eurrent transistor swltelh., The tran-
slstor switch 1s capable of carrying 1000 amps dc
08 well os switching 1000 amps at a 1000 liz rate,
Water cooling is provided for all of the solid
gtate power components in ordar to obtain the com-
pact, low parasitie inductance conflguration neces-
sary for high rnte, high current switching.

MEASUREMENTS AND PROCEDURES

During cach lhigh rate tapered direct current
charge experiment the quantities measured and thedir
accuracies ware as followa: Cell temparature (1° C
limit or error); eell gaseing rate (0,5%), in some
cases evelved gases were analyzed to obtaln rell-
able gassing rates; amp-hours (20,.5%); cell voltage
{10.5%); and charge current (20,3%).

Cell temperatures were measured using an iron-
constantan thermocouple lecated in the cell elee-
trolyte. The thermocouple was coated with epoxy to
prevent attack by the rlectrolytce.

Cell gassing rates were measured during charge
using a calibrated laminar flownmeter (0 to 300 em3d/
mln at 21° €, 760 my of Hg). Since the flow rate
depends on gas temperature, the cell pgas was heated
to a constant 65° € vin a heat exchanger prior to
entering the flowmater. Tlow rates were then re-
duced mathematically to standard conditicns, i.e.,
21° C and 760 mm of Hg. Sinee the gas flow rato
also depends on ¢omposition, gas samples were taken
periodically and analyzed by gas chromatographic
analysis. The gas evolved by the lead-acid cell
was about 67% Hp and 33% 0y by volume, The gas
evelved by the nickel-zine cell was gbout 10% Hp
and 90% O by volume.

Cell charge and discharge amp-hours were meas—
ured using a conventional amp-hour meter, Cell
voltage a8 a function of time was recorded on &
strip chart recorder, and cell current was caleu-
lated from voltage measured across a shunt.

Anp~hour efficlency (charge acceptance) was
obtained by discharging the cell after charging was
completed at various decreasing current levels to a
1.0 volt cutoff in the case of nickel-zinc and a
1.75 volt cutoff for lead-acid. The amp-hours de-
livared at each current were obtailned from the amp-
hour integrator and totaled. A typlcal discharge
amp-hour deterwination and the currents used for
these measurements ace shown In Tables 1 and 2 for
nickel zing and lead wedd, respectively. The

total amp~hours delivered to the coll during charge
wore obtoined In a oimilar manner, Ampehour affi-
cieney vas enlculated as a ratlo of total amp-hours
out of a cell during diocharge to the total amp-
hours dnto the cell during charge. The encrgy offi-
clancy was calculated as a rotio of total onargy
nut of a call during discharge to total energy into
tha cell during charge. Total encrgy out of, or
into a coll was calculated by oumming the product
of measured amp~hours and average cell voltage at
each curront level. Average cell voltage was ob-
talned from o strdip chart recording of cell voltage
ag a functien of time,

Experiments were conducted to define the bewt
combination of charging rate, temperature rise and
gosaing rate to obtain o reasonable charge aceept-
ance ip the shortest time, An initdal 500 amp
charge was tapered in 50 pmp Lncrements to 100 ampe
while gasslng rate and temperature were monitored
and held within preset limits chosen as experimen-—
tal paramaters, EEffieient charging wequired that
the gassing roate ba less than 10 to 20 percent of
the rate equivalent te the charging current and a
rate of temperature Iincvease of rhout 1.2° C
{2.2° F) per minute,

The pulse charge cxperiments were limited to a
perlodic pulse discharge during a constant current
charge at 250 amps. The discharge pulse was also
sat at 250 amps but the Lrequency was varied from
constant current {zero Hz) to 400 Hz with a con-
stant 94 pereent duty cyele, During the charge,
cell pressure and temparature were monitored and
the charge was terminated when the cell pressure
renched 3.5%10% newtons/meter? (5 psi). The charg-
ing current ss a function of time with the discharge
pulse are shown schematically in Figs, 4 and 5,

The 250 omp current was chosen to reduce the
possibility of "aging cfFects” associated with the
cycling excursion during the duration of the tests
masking the influence of pulse frequency on charge
acceptance at currents highar than the ¢ rate,
The 94 percent duty cyele was selected boacause it
allowed a relatively large charge time and with the
charger equipment used preserved a rectangular pulse
shape over the 1 to 4Q0 Hz Erequency range, The
3,5x104 newtons/meter? (5 psi) pressure cutoff was
dictated by the cell case construction,

RESULTS AND DISCUSSION

HIGH RATE TAPERED DIRECT CURRENT CHARGING - In
Flg., 1 the charge current, ccll temperaturae, and
gassing rate as a function of charge time, for a
repredgentative 300 amp-hour nickel-zine cell is
shown. The initial charge current was 500 amps and
was tapered to a final value of 100 amps in 50 amp
inerements. During the Initial portion of the
charge the gasding rate was low, however, the rate
of cell temperature inercase was rapid (-1,2° C/min
{2.2° F/min)), Decause charge acceptaunce of the
nickel electrode is greatly effected by temperature
(6), the charge current was gradually stepped down,
At a charge current of shout 350 amps the current
was decrensed further due to onset of gassing. On-
set of gassing for efficlent charging was defined
as the point where the gassing rate rises ateeply,
to about 10 to 20 pereant of the rate equivalent to
the charging current., Some gas is evolved at low
rates prior to this point, For instance, at the end
of the 350 amp cherge the gassing rate was about
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125 ch/mln (5TD eondfcions 21° €, 760 mm of ig),
which correuponds to about 10 percent of the charpg-
ing current producing gan (907 calculated amp=hr
of fleloney),

A typieal charpe Input ac a percentage of
roted ecapacity as a function of charge time io
shown in Fign, 2 and 3, ppd resulty for coch exper-
fment are summarized in Tables 3 and 4 for nickel-
#inc and lood-aeid cells, rospectively, For nickel
zine on the average about 78 percent of rated
J00 amp-lwur copacity can he returned within
53 minutes ot an amp=hour cfficlency of about
92 percent ond an encrgy efflciency of 52 percoent.
For lead-acid on the average about 69 percent can
be returncd within 46 minutes at an omp-hour effi-
cleney of about 91 percent ond an enewgy efficiency
of 64 porcent. Tho use of this charging method
doen provide a way of charging nickel-zine and
lead-acid traction colls in times short cnough to
be of potentlal interest in an on-the-road service
stotion vontext.

The eoffect of the IRTDC method of charging on
eell charge/dlacharge cyele life is unknown abt this
time. However, since durlng the charging process
the goasing rate and cell tempernture are con-
trolled, it is vecasonable to expect that this rapid
mathod of charging would not be aos dotrimental to
boattery eyela life us other high rate methods,
which are believed to produce excessive gassing
rates and high cell temperatureo.

PULSE DISCHARGE DURING CHARGE - Figure 4 shows
for a 300 amp~hour nickel-zine traction cell the
percentage charge inpuc as a funetlon of a 94 per-
cent duty cycle charge/discharge current pulsae for
frequencies ranging from zervo to 400 llextz. No sig-
nificant effect of pulse charping on cell charge
acceptance iop evident for these conditions compared
wlth de charging (zero frequency). In Flg, 5 aim-
ilar uninteresting results for the oame pulse cur-
rent conditions for a 300 amp-hour lead-acid trac-
tion cell are illustrated.

The cEfact ou charge acceptance of furthar
variations of charge/diacharge enrrent duty eycle
and froquency pavamsters have not yet been studied
but will bz the subject of a contlnuing effort.

CONCLUDING REMARKS

A high rate tapered direct currenc method con-
trolled by gosoing rate and cell temperature appenrs
feanible for charging lead-acid and nickel-zine
traction cells, Preliminary data Indicate that
periodieally pulse diascharging during a constant
current charging process did not improve the charge
acceptance of lead~acid or nickel-zine traction
cells, *

The nickel-zine and lead-acid traction cells
used in thls work were not specifically designed
for rapid charging. Any serious attempt to use and
depend upon rapid charging of cells should be re-
flected in the basie cell design (3). In this re-
spect low cell resistance and optimization for
charge acceptance are among the most important fea-
tures.
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Table L = Ampere Hour Determination of a
Reprosentative 300 Ampare~Hour
Nickel-Zine Troction Cell

Table 2 « Ampere Hour Determinaticn of a
Representnciva 3J0C Ampere-louy
Lead=Acid Traction Cell

Discharge A Diocharge .
Current Amp=-lrs Voltage Current Arp-ilre Voltage
: {Amps) Out {Voltn) (Amps) Out (Volts)
250 191.5 1,00 100 163,8 1,75
150 2.2 1.00 75 17.6 1.75
100 5.5 1,00 50 22,8 1,75
50 7.6 1.00 Total 204.2
* Total 213,9 *Voltage at which discharge was torml-
Voltage at which discharge was termi- nated,
nated.,

Table 3 ~ Results of Rapid Charging of 300 Ampere-Houy Nickel-Zine Traction Cells

Amp~-tzrs Amp-lrs Amp=Hr Energy Perccntage* Charge Time
! Cell in out Efficiency Efflciency tharged {min)
1 106 245 226 92 52 82 59
105 241 214 89 50 80 52
104 227 202 89 5l 76 53
1 110 222 213 96 55 o 74 49

®
Percentage of rated amp-hr capacity (300 amp-hr).

|
Table 4 - Results of Rapid Charging of 300 Ampere-Your Lead-Acid Traction Cells

Amp-lirs Amp=llrs Amp-Hr Energy Percentnge* Charge Time
4 Cell in out Efficliency Efficicncy Charpged {min)
2 218 204 94 66 713 48
3 204 1la8 92 65 68 43
4 200 175 86 61 67 46

*
Percentage of rated amp-hr copacity (300 amp-hr).
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Figure 1. - Charge current, c Il temperature, and cell
gassing rate as a function of charge time; 300 Ah
nickel-zinc cell.

o
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Figure 2. - Percentage charged as a function
of charge time for a representative 300 Ah
nickel-zinc traction ce!l,
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Figure 3, - Percentage charged as a function
of charge time for a representative 300 Ah
lead-acid traction cell,
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Figure 4, - Pulse charging - percentage charged
as a function of frequency for a representative
300 Ah nickel-zinc traction cell,
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Figure 5. - Pulse charging - percentage charged
as a function of frequency for a representative
300 Ah lead-acid traction cell,
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