CHAPTER 4

CORRELATION OF CAPACITY AND RATE OF DISCHARCE .

> 8 relate current s =

A number of attempts have boan made to develop equations which
would relate the current to the time of discharge, in order that the
capacity of batteries might be computed for any rate or time of disch-—
arge. The most widely used of these equations is Peukert's aqmtim*

"1 = C. (1)

In this equation, n and © are constants which may be evaluated
by tests made on ary cell or battery at two different rates of discharge.
It will be assumed that the different rates are I, and I, the times
of these discharge cerresponding to ‘]!1 and TE" The values for m and C
may therefore be calculated as follows:
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The mmerical velue for n being found for any particular type,
the other constant C may be determined by solving elther of the ecua=
tiens (2).

Peukert's ecuation, belng logarithmic, can be plotted as a stre-
ight line on log - log paper, Simllarly the ebserved relation of cur=
rent and time of a battery's dlecharge should plot as a stral;ht line
if the relationship is strictly ¢ logarithmic function. Hany observers
have reported, however, that the experimental results deviate slishtly
from caleulated values based on Peukert's formmla, These deviations
are ettributed to ohmic resistonce of the cells and to a fixed or an
incorrect cheice of cut - off veltoges.

Conditione.
Electrolytes
Composition of thc elegtrolyte

The electrolyte of sturter batteries is accumilater sulphuric
acid, free from harmful matter.

Specific grovity of the electrolvie

For the purnosiys of the teet, the speciflic pgravity of Lhe elec=-
trolyte shall be measured at a tempsralure of 30'#3. and, with the batte
ery in the fully - c¢harpged state, shall be 1,280 * 0,010

Acouracy of Measuring Instruments.
Electricsl megsuring instruments.
a) Current measurements
The me suring instruments used for measuring currents shall
be permanent = m:rmet moving coil ammeter of an accuracy class eoual
to at least 1,0
The r-nye of the instruments used shall be appropriate for the
magnitude of the voltapge or current to be measured. In general, this
implies that re-dings shall be taken in the last third of the scale
b) Voltage measurementse
The messuring instruments used for messuring voltages shall
be permancnt = marnmet moving coll voltmeters of an accuracy class e ual

to =t lsast 0.5



The resistonce of the woltmeters used shall be at least 300
ohma, per velt.
¢) Resistors, Resistors shall be within 3 percent of the sto=
ted value end of material having a negliribls changre of recistance with
temperature,

Hydrometers.

The specific gravity of the electrolyte shall be measured hy
hydrometers ~rovided with a graduated scale, one division of which shell
reoresent at the most 0,005 unit of specific gravitye The accuracy of
the calibretion =hall not be less than 0,005 unit of spacific pravity.

Thermemetors

Ther: nmeters with an appmrin:,e scale sh:ll be used for measur
{ng temperziures, and one c".iﬂ'aiun of the graduated scale shall repre—
sent at the mest 1 cemtifpade degree. The accuracy of the calibration
shall not be less than 3/centirrade derrees

The reted capacity, Cpny of @ storter battery should be that sta-—
ted by the mrnufacturer, It 1s defined ds the copaciiy deterndned by a
discharpe at the 20 Hrepate at a mt-um current of I = 0,05 {:m;’..,
the temperaturs of the slectrolyte being 30°C, The discharge of the
bettery le contlrued untdl ths torminal woltage hss fallern te 54,25V
in the ecass of a Syolt battery or 10,5 V in the ecrse of a 12-volt batt-
arys. The Megharps 1 mede at a Lemperature between 20°C to 40%C.

If the temperzture of the electrolyte differs from woﬂ, the capae
eity measuro! shall be cerrected to ihe refarence temperalure ,'l}nﬂ by
the uss of the followine formulat

c

S0, .
T+ 0,01(1-30)

wheps Gt. 1g Lhe cayrcity in sapere-hours measured al a Lempera=

ture T,



T bolng the averase of the initi:l and fin 1 tezperatures dur-
ing discharca,

and 001 1s the temperature crefflicient of variation of cajacity
for temperziure between 20% and 40°C, (This represcnts a capacity vari=
ation of 1 percent per Centigrade derree of the temoerature differ freom

30%.

hen fally charred, the level and specific gravity of the elec=

trolyte of each cell are checked and, i necessary, adjusted,.

The bettery is than dischurped at a contimaous current of I =
0.05 Gm A mntil the brttery tarminal wolt=ge has fallen to 5,25 V in
the rase of n Geyolt bettery ond 10,50 V-in the case of a 12-voll batte
- oy

The Aischarpe shal) coiisnse within a period of 2 to 8 hours from
the end of the chargeas

Durinc discharpe, the following values be checked and noted
at suitable intervals,

8) The battéry terminal voltage.and the voltage of the indivi-
dunl cello, _—"

b) ‘he discharge current,

e¢) The apseillc gravily and temperature of the electrolyte.

d) 'lomi Yitversture,

‘hen the voltage of any cell has fallen below 1,90 V, the voltage

rhall be chealta! at half-hourly intervals,
hon the voltape of eny eell has fallesn bslow 1.80 V, tha voltage
ahn1l be cheeied 2t 15 mdnute Intervalo,

The duration of dis-hurpe is the time (R) hours calcul:ited from
the commencement of discharga until the battery termin 1 voltaye hrs
frllan to 5425 Ve in the cass of 4 b=volt battary :nd 10.5 Ve in the
case of a L2=volt batterye
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The crpacity in smpere - hours at a temparature % is ecual teo

c,nﬂ w R:D.Dﬁczoh

T beilnr Lhe averape value of the initial and final electrolyte
temperature measured in the central call,

If the averare vilue 79 differs from the reference temperature
of JO'G durin- dlscharpe, the measured capacity shall be corrected Lo
1ts theortic 1 veolue st 30°C, to which the rated eapacity C,y is refer-

red,

Batterien sholl ;i.vgrfi;ha‘ apurc{ﬁfa'd performance when filled and
charred under the fellodin® coniilinnel

The .mblant al= Aefrariturs lurin. chargin: periods will bs 20°-

10% (68° « 104°F)

(1) Fill with sulphuric acid of sp.gre 14280 at 30% to the -
level 10 mn, zbove the plate.

(2) The battery will stand for 6 hours after filling. rhould
the temmeraiurs of tha slectrolyte at the end of this period be above
43% (110%) the chorfe will mot be commenced until it has fallen below
this volue,

(3) Tha charrinc mote in amperss will be one=twsntiein of the
agnere<hour Asresity of the battery at the 20 hour discharge rates The
charre «111 be complele when fae voltare of the c2lls and the specific
pravity of the elsctrolyte remain constant for three conszcutive half=
hourly raadinfg, “hould the temnerature of the elsctrolyte reach 50 ﬂ
(122%F) the charre vill be interrupted until it feolls below 43% (110%F).
The charra =hell normally be complete in 70 to A0 hours btut will be
sontimmed wntil the conditions =t (4) below are satisfled,

(L) The specific grevity of the elcctrolyle at the complaetion
of the chures chi1l bs within the limits of 14275 and 1,295 The speci=
£4c rrovity will then be sdjusted to 1,280 0,010,
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(5) During the standing and charping periods the electrolyte
will be meintained at the level stated in (1) by the additien of acid
of spefTe 1e2700

‘fter filling and first charge in accordsnce wilh sequences -
stated ebove, tha sample batlery will be subjected to the fellowing
“epformance Test in the sequence showni

For battery Type &

First discharpes Reting Test 20 hour-rate.

Discharpe current 6.0 amperes te 5425 velis.
Second discharret Hoting Teat. Z}hpu:-rat.g.

Discharge aurrﬂiirﬁ!!] amperes to 5.25 volts.
Third discharres 10 ﬁM&tu. .

nimafga cws'mn‘t.- 12.0 amperes Lo 5.25 volts.
Fourth iischarres 5 hﬁumra‘dh 3

Diaﬂhﬁrfﬂ mm-ﬂnt 20,0 amparen Lo 5,25 volts,
Fifth discharres 1 hour-raim

Discﬁuw”f %tgi}. 72,0 amperes to 5.00 volts,

Fer batiery t.xpa J.I! ;

First discharpes R

E)
: "_pte.
3 '}'ﬁﬁ anperes Lo 5.25 volta.
“acond discharpest Rat.ing Tast 120 hour-rate.

Discharge current 75 amperes Lo 5425 volts.
Third discharret 10 hour-rate.

Discharge current 15 amoeres to 5425 volts,.

Tourth dischorpe: 5 hour-rate.

Dischrorpe murrent 20 amperes Lo 5425 volts,.
Fifth discharres 1 hour-rale.

Discharge current 90 amperes to 5,00 volts.

For bottery tyve i ¥

First discharpes Hating Test 20 hour-rate.

Discharpe current 7.5 ammeres Lo 10.5 volts.
Second discharpet Rating Test 20 hour-rate,

Nischargecurrent 7.5 amperes to 105 volts,

For more informations see page 72 = 76



Third discharge: 10 hour-rate.

Discharge current 15 amperes to 10.5 volts.
Fourth discharge: 5 hour-rate.

Discharge current 22 amperes to 10.5 volts.
Fifth discharge:t 1 hour-rate

Discharge current 90 amperes to 10,0 velis.

For battery type 8D *
First discharge: Rating Test 20 hour-rate.
Discharge curreént 10 amperes to 10.5 velis.
Second discharge: Rating Test 20 hour-rate
Discharge current 10 amperes to 10.5 volts.
Third discharge: 10 hour-rate
Discharge current 19 amperes to 10.5 volts.
Fourth discharget 5 hour-rate
Discharge current 31 amperes to 10.5 volts.
Fifth discharpet 1 hour-rate
Discharge eurrent 120 amperes to 10,0 volts.

Before each discharge, batteries should be fully charged as -
stated in (3) and left open circuit within 2 - 8 hours,

For more  r.formations sse page 73 = 76
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Teble 1 Relation of Discharge Current and Time

at Various Hates of Discharge,

Plotted Values
2H LN 4D 8D
A T 2 T » T A T
60 | 20425 | Te5 | 20.00| 7e5| 21.00| 10,0 | 20425
12,0 9625 | 1540 | 9e45 lﬁ;ﬂ 10,00 | 19,0 | 9.50
2040 5605 2040 |  6aB2 | 22,0 | 6467 | 3140 | 5425
72,0 1,13 (90,0 |  1.15 | 90,0 | 1,50 | 120,0 | 1,07
Derivad Values,
20 & LD 8D
T ) T A T A T A
20 6ol 2 | 7.8 | 20 Ts8 | 20 10,2
W |14, 10 | 14235 | 20 | 15 10 18
5 | @025 5 | 2640 5 | 2940 5 32
1 |80 1| 102 1 |13 1 |125




Table 2.

Average Cell Temperature and Hean Voltage
at Various Hates of Discharge.

i 1
tywesd 2 | 20 5 1 n |l 10| s 1
e | B3 | 85,0 | 905
241 | 6,04 | 6400 | 5499 | 5491
28,9 | 28,5 | 294 32.5
3,5 | 7.8 | 878 | 891
hH 604 | 6Ok | 5492 | 5495
28,6 | 30,8 | 30,8 | 31.8
83,5 | 84,8 | 85,2 | 895
4D 12,10 (12,00 (11,98 (11,90
28,6 | 2942 | 29,7 | 3240
o5 | 90e2 | 86T | 2948 i
g 112,09 (12,07 (12,06 [11.97
20,1 | 323 | 303 | 3241
Tehle 3. Capscity st Cell Tem. and Canacity at 30°C.
Btye | Gapacity at cell temne( Ah) Capacity at 30“0 (ih)e
type[" 20 [ 10 | 5 1 20 | 10| 5 1
20 12 111 |1:1.25 | & 123,5 |112,7 | 1020 | 7840
LU (156 | 1425 130 | 102 [158,0 |14le5 | 1290 10062
L0 |156 150 | 145 | 130 |15840 (15142 | 14545 |127ehs
g0 | 204 180 | 160 | 125 [205.8 |176.0 | 159.5 [122.1
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Table 4. Comparison of Percentage Capacity, Mean Voltage and Percent
Watt = hour Capacity of Dattery type 2 l and 4 H

| l *
fommcato, | B Capectty. n-mua.; theCape | Yean Voltage. | WheCapacity. |Percent 'h.Cape
2H 4 H 2 H L H 2 H L H 2 H 4 R 2H 4 h
123.5 | 158.0 | 100 100 | 6404 | 604 | 75 |95 | w0 | 100
12,7 | Wle5 | 9143 8945 | 6400 | 6u04 | 767.2| 884 | 90,7 | 90.5
102.0 | 129.0 | 82.6 .6 | 599|598 | 60 [ | &9 | ewo
780 | 100.2 | 6341 63.5 | 5.90 | 5.95 | 461 | 597 | 6.9 | 6246

¥ /lmpere - hour capacity multiplied iy mean voltage.




Table 5.

Conparison of Percentape Capacity, Mean Voltage and Percent

Watt - hour Capacity of Battery type 4 D and B D,

¥
Hour-rate, | /he Capacity. | “ercentage /h.Cap. | l!ean Voltage | “h.Capacity. | Perceat "h.Cap.
40D gD 4D en 4D 8D LD | 8D 4D en
20 158,0 | 205.8 100 100 12,10 | 12,09 | 1910 | 2480 | 100 100
10 151.2 | 176.0 | 9546 85.6 12,00 | 12,07 | 1815 | 2120 | 95.0 85¢5
5 L5645 | 15945 | 9240 Tleb 11,98 | 12,06 | 1740 | 1920 | 9.1 Tl
1 127.4 | 122,1 | 80.6 5946 11.90 | 11.97 | 1507 | 6L | 79 5940

¥ lmpere = hour capacity mltiplied by mean voltage.




Table 6.

Correlation of Capacities of
/utomotive Butteries at Variocus Rates of Discharge,
Discharge
Rate. 2H L H LD 8D
th 100 100 100 100
20 hour
2 5 5 % 5
fh 913 8945 9546 8546
10 hour
A 9.13 8,95 956 8456
#h 82,6 81.6 9240 T6
5 hour
A [16.52 1632 18,40 15,52
Ah 63.1 6345 8046 596
1 hour
A 3.1 6345 80.6 5946
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Table Te

Comparison of Celeulsted Discharped Current, Using Peukert's
Formmla, with Cbserved Values,

Discharpe Observed Valued Caleunlated Valne,
hatee 24 A A a0 2H Wi W 80
20 6,18 7.90 790 10.29 6.3 T.86 798 9.80
10 1,27 15.15 15.12 17.80 11,3 14,20 15,10 17455
5 20,40 25,80 29,10 31.9% 2042 25450 28.70 31.80
1 78.00 100420 | 12T40 122,10 | 78,0 100,20 | 127.40 122,50

The constantes calculated for Peukert's formuls ares

2 H
LW
4D
gD

n = 1,190

1.175
1,080 1

n = 1,188 13

" 8 @
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CONC1USION

From the experiment it will be seem that, when a battery which
is reted et some low rate, such a# 20 hr-rate, subjected to test at
other higher rates at specified conditiony its capacity will decrease
but not limearly depending upon rates of discharge and proper values
of cut-cff voltepe.

T™e constants from those experiments can be used to evaluate the

umnknown currents or times at any required wvaluwes, and is fixed only
for each type of battery it canmot be imterchangeable.

For further etudy, (about one year research program) the following
items are wort noting:

-~ Corosion of grid alloye at various percemtage of antinony.

- Effect of consietency of active materiasl on capacity and life.

- Disciarge characteristios of lead - meoid battery.

(For other applieations not in automotive field.)
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