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The Use of Charge Factor and Reference
Capacity in Test Programs

Introduction

In some test programs a defined relation between charged and discharged Ah isrequired. One
definition of thisrelation isthe charge factor CF:

_ charged Ah
discharged Ah

In some cases the CF is given by the charge regime, so the Ah to be charged depend on the
Ah amount that was discharged. In this case a calcul ated termination criteriais required in the
test program.

In other test procedures a reference capacity is needed, for example the capacity of the new
battery. Different examples are given here.

Charging with a charge factor

The Basytec Software has different methods to work with a charge factor. The simplest
method is the use of the internal value AhPrev that holds the Ah charged or discharged of the
previous step. Figure 1 shows such atest plan.

= D:Bst\procedure\BSP_Ah_Faktor\Bsp_CF_3.pln

2

: : =] 4 :
© Unda © Inzertline Delete line . Reqistration-Format

Lewel Lakel Command |Parameter Termination |Al:ti0n |Registrati0n Comrment HI
1 Start
2 o= Pause tr2s t=2s
3 W Discharge 1=500m, o t=25 Discharge hattery
4 P Charge I=500mA | Ah>-1.1AhPrey t=2s recharge with a CF of 1.2 "
5 o= Pause t»30s t=2s
B Stop

Figure 1: Simple method of a charge factor based charge

Thetest plan uses the internal value AhPrev, what is the charge amount of the previous step
(here discharge step in line 3) multiplied by the charge factor (here 1.1) to terminate the
charge step. The negative sign is necessary, as the discharge charge amount is negative
(Nomenclature of the current: charging: positive current; discharging: negative current).

The disadvantage of this method is the relation to the previous step. It does not work if there
is another step between the discharge and the charge step, for example a Pause step or if the
discharge is amore complex profile that uses more than one step. For this type of test a
calculate statement must be used. Figure 2 shows such atest plan.
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= D:\Bst\procedure\BSP_Ah_Faktor\Bsp_CF_1.pln |Z”E|E‘
Ea =i v E
Undo ¢ Insertline Delete line . Registration-Format
Lewel Lakel Command Pararmeter Termination |A:t\0n |Reg|strat|0n Comment
1 Start
2 Calculate AH_CF_13=13As_D[DIS_11/10 Charge factor of 1.3,
Cause by integer arithmetic
J(;‘ 1.3%< must be written as 1310
Az AS D gives a posifive value,
no minus necessany
3 D=1 Discharge |=0.254 oy =15 Here we measure the
% discharge capacity
4 Fause >Tmin i=1g
==
5 Charge =054 AhxAH_CF_13 t=hs Terminate if Ah of this
F ling reaches
the calculated value
[ Fause 1s i=1g
=3
7 Stop

Figure 2: Using a charge factor with the calculate statement

The calculate statement in line 2 cal cul ates the 130% of the discharge amount of line 3. Asthe
calculate statement works with integer values (96 bit wide) mathematical operations must take
thisinto account. Something like 1.3* As D[DIS 1] would result in 1.0*As D[DIS 1]. That
isthe reason for first multiplying by 13 and finally dividing by 10. The As DJ..] function
always give a positive value, so there is no sign change necessary.

If adischarge profile (more than 1 line) is used, the profile should be grouped within a cycle-
start, cycle-end syntax. If the label is than on the cycle-start line, al program stepsin the
cycle are used for the Ah calculation. An exampleis shown in Figure 3.

= D:\Bst\procedure)BSP_Ah_Faktor\Bsp_CF_4.pln

:I{I: 13 :
Undao © Inzertline Delete line : Registration-Format
Lewel Label Cormrmand Pararmeter Termination ‘Adion |Registrati0n |Comment “I

1 , Start Charge Factar

Example
2 Calculate AH_CF_13=13*4s_D[DIS_1]110

#
3 DIS_1 Cycle-start Ue1.0v Here we measure

(3] the discharge capacity

for the whole cycle

4 W% Discharge =014 t>hs t=1s
5 W Discharge 1=0.54 t»hs t=1s
b |§] Cycleend Count=0
7 Pause s t=1s

=9
g8 F Charge 1=0.54, AhdAH_CF_13 t=Bg
9 Fause s t=1s

=59
10 Stop

Figure 3: Using a charge factor for a none constant discharge profile
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The use of areference capacity

Discharging or cycling a battery with a depth of discharge, that is normalized by the real
measured capacity (and not by the rated capacity) can be done in avery similar way. Figure 4
shows an example.

= D:\Bst\procedure\BSP_Ah_Fakior\Bsp_Ref_Capacity_2.pln

ey [«] ¢ Se
Undo - Insertline Delete line Reqistration-F ormat
Lewel Label Cornmand Fararmeter Termination |Acti0n |Reg\slrati0n Caomment ‘
1 § Start cycle a battery exachy with B0% DOD
of initial capacity
2z Calculate Chi=-5"4&s_D[DIS_1)/10 Calculate 60% of the battery capacity
fx measured in line &
Ag D is always positive
g Charge |=0.54, t33h =108 Charge the batteny to 100% SOC
s UbMaxcUsEmy
4 W DIS_1 Discharge 1=0.254 U<ty t=10s Ieasurement of the reference capacity
5 [ Cycle-stant U8y cycle with 60% dod
B Charge |=0.54, t»3h =108 Charge the battery to 100% SOC
4 UbMa-UsBmy
7 Fause >Tmin t=10%
=3
Ll % Discharge 1=0.254 Ah<CRO t=10s Discharge 60%
9 Fause »Tmin t=1s
(=
10 U Cycle-end Count=1000 1000 cycles El
1 Fause »1s t=1s
=
12 Stop

Figure 4. Cycling of a battery with 60% of itsinitial capacity

The battery is cycled with a depth of discharge of 60% of the rated capacity. Y ou have to take
care of the correct sign of the Ah counter. As during discharging the Ah counter has a
negative sign (step 8) the reference value C60 must get a negative sign.

Figure 5 shows an example where the reference capacity is recaibrated every 50" cycle. As
this example shows, line oriented values (here AS D[DIS 1] arereset to 0 each time theline
is entered by the program.

Figure 6 shows an example of alife cycle test that measures theinitial capacity at the begin of
the test and terminate cycling if the capacity falls below 80% of the initial value.
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= D:\Bst\procedure\BSP_Ah_Faktor\Bsp_Ref_Capacity_3.pln

P o2e =0 :
Undao : Ingertline Delete ine . Registration-Format
Lesvel Label Command FParameter Termination |Acti0n |Registrati0n Comment ‘
1 Start cycle a battery exacly with 60% DOD
and calibrate every 50 cycle
2 o Cycle-start U<0.ay Cycle to repeatthe reference
measurerment every 50th cycle
3 Calculate ChO=-6*As_D[DIS_1]10 Calculate 0% of the batery capacity
& measuredin line §
As_Dis ahways positive
4 Charge 1=0.5A t¥3h t=10s Charge the battery to 100% S0C
# UhaseU> v

5 N DIs_1 Discharge 1=0.254 Ue1.0% =105 Measurement of the reference capacity
6 o Cycle-start ycle with 60% dod "
7 Charge 1=0.5A t>3h =105 Charge the hattery to 100% SOC

& UhdaseU> v
i Fause >Tmin =108

(=
9 | Discharge 1=0.254 Ah<CED t=10s Digcharge B0%
10 Pause 1rmin t=1s

o
1 L Cycle-end Count=50
12 L2 Cycle-end Count=20 total 1000 cycles
13 Pause 1= t=1s

=

14 Stop

Figure5: Cycling of a battery with 60% of its capacity. The refer ence capacity is measured every 50"
cycle.

= D:\Bst\procedure\BSP_Ah_Faktor\Bsp_Ref Capacity_4.pln

:IiI: 13 :
Undo Inzert line  Delete line . Registration-Format
Lewel Lahkel Commanc Fararmeter Termination Action Registration |Comment I

1 Start Terminate cycle life testif the batteny

capacity falls below 80% of initial

capacity
2 Calculate CH0=-8*As_D[DIS_1]/10 Calculate 80% of the battery capacity
\1(; measured inling 4
As_D s always positve
3 ” Charge 1=0.54 t>3h =105 Charge the battery to 100% 50C
Uhdae-LU>Bm
4 W DIS 1 Discharge 1=0.254 U< =105 Measurement of the reference capacity
B L3 Cycle-start cycle with 100% dod
B # Charge 1=0.54 t>3h 1=10s Charge the batteryto 100% S0C
Ubdaee-L> By

7 Fause t>Tmin 1=10s

=
8 Discharge 1=0.254 Ah<CE0 Goto Go_on (=105 Discharge 80%

% U<y Goto Eol if not 8054 reachd —> EOL
9 GO_OM | Discharge 1=0.254 a0y 1=10s Gao On discharging

b} for 100% discharge
10 Fause t>Tmin =15

=
1 L Cycle-end Count=10000 max. 10000 cycles
12 = ECL FPause t>10s =13 EOL: End Of Life
13 Stop

Figure6: Cyclelifetest that terminatesif the battery capacity falls below 80% of initial capacity



