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The study on the charge cycle for optimization of
battery pulse charging

by Song, Tae Hyun

Department of Electrical and Electronic Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

This paper is a study on charging cycle for optimization of battery pulse
charging(PCH). It is common to charge the battery with a constant current(CC) or
power such as constant current / constant voltage(CC/CV) and a constant voltage(CV)
charging method which charges the battery for a long time. In this method, an increase
in the charging time causes the lithium ions in the electrode to be continuously
accumulated, causing concentration polarization, and lithium plating occurs, which
affects battery charge capacity and lifetime. In order to shorten the charging time, the
rapid charging method is being studied. It is known that the fast charging method using
the constant current is the fastest. However, it’ s method can adversely affect lifetime
or internal parameters of battery due to lots of charging. PCH methods such as PWM
and PAM have been introduced to overcome the disadvantages of the CC/CV, or CC
charging method.

In this paper, among the PWM charging methods, we investigated the optimum
ratio of the discharging time to charging time(DTCT), and analyzed proceed the
chargeability test and analyze the battery life and internal parameters using
electrochemical impedance spectroscopy (EIS). For this study, a pulse charger and an
EIS module are fabricated and pulse charging of On_time / Off_time type is
performed here. In order to verifying the effect of battery lifetime using PCH
method, we analyze the lifetime and internal parameters of battery by measuring the
impedance using the EIS module every 50 times while charge / discharge the battery
500 times by applying the CC, and PCH method.

KEY WORDS: Constant Current / Constant Voltage, Pulse Charge, EIS
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2.4 Electrochemical Impedance Spectroscopy
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Fig. 17 Block diagram of BMS
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Fig. 172 BMS(Battery management system) &% t}o]o]13§o]m Hj
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3.1.2 EIS st=¢9]

Offset i
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Generator Op -
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Measurement
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Fig. 18 Block diagram of EIS
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Fig. 19 Crossover distortion of push-pull amplifier
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Fig. 20 Current measure circuit of battery charge/cischarge
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Fig. 22 Waveform of injected AC voltage

Fig. 22& EIS &2 A3} F3oltt. ZZ29W 93 dAJo] HA
3lel 93o] =44

.
AN
T

3 (%v

|
1 ADSB3 0 Vac ——+—__Amp_AC
1 come vouT +

L 2 vop AGND 21—
| | 3 CAPIZ5V_FSYNC ve_AD9837_SYNC1
= : ; DGND SCLK ve_AD9837_SCLK1
= —31MCLK  SDATA ve_ADSB37_SDATA}
33V A33V
— 1T vop -5
—2enD our{?

Fig. 23 Circuit of pulse frequency generator
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Fig. 24 EIS module
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3.1.3 PCH 3l=49]

Fig. 25 Device of pulse charger
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Fig. 26 Algorithm of BMS before operation
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3.2.2 EIS &3 E9 o]
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Fig. 27 Algorithm of impedance measurement
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Fig. 28 Algorithm of PCH
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Fig. 30& 23$& 93 AA BE=xo)H, Fig. 31& A3 Aot}
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Fig. 30 Block diagram of experimental test
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Fig. 32 : Lithium polymer battery
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Table 1 : Specifications of battery

Rated voltage 3.7V
Rated capacity 500mAh
Cut-off charge voltage 4.2V
Cut-off discharge voltage 3.0V
Max. Charge current 10C
Max. Discharge current 10C

"2 S Z(Pulse charging, PCH) A3@d< 938t On/Off H2x AJZH9]

Aol z7AL Table 33 2t} Cases
™, Casel& 1000ms/50ms, Case2+

200mso. 2 AstH o,
SOC 100%7+A] =Ho] HEE 3}
SOC 0%7kA] X1 Y3ttt

Arzd

fo

ki

’

Hx Z=x9 On_time/Off timeo]
1000ms/100ms, Case3+ 1000ms/
Z72 Ao+ 500mAR 3% o

B S Aok 2ol 500mA=

Table 2 : Condition of charging / discharging control

Collection @ kmou

Condition Casel Case? Case3
AT Pulse Pulse Pulse
Time
1000ms / 20ms | 1000ms / 100ms | 1000ms / 200ms
(On/Off)
Charge
Current
500mA / OmA 500mA / OmA 500mA / OmA
(On/Off)
Cut-off SOC 100% cut-off
Control 500mA
Discharge
Cut-off SOC 0% cut-off



1Z5-3d ARt vla 43

120 120%
100 , 100%
20 82% 80%
60 60%
40 40%
20 20%
0 0%
20ms 100ms 200ms
mESHAIZE mdEAIZE —4H/EHA R E
Fig. 33 Test of charging/discharging time
Table 3 : Result values of Fig. 33 test
_ Pulse
= 2 HFAl
AT CRC'E BC Casel | Case2 | Case3
H2~ FH 9] Off_time - 0 20ms | 100ms | 200ms
A 74 9HV) 4.3 4.61 4.58 4.53 4.45
7 A ZHmin) 60.1 58.9 59.8 60.2 60.7
%7 A1 ZHmin) 106 60.5 62 64 74
WA S HAAT EE(%) 57 97 9 94 82

7 e mE WH/FHAALT BE ks B3] f8iA Fig. 33
3} o] CCICV(H A, CC(EAF/), Case 1, 2, 3 (Pulse)d] 5714 4
o=z AYgS HAAEATE Flg. 332 FHAZre] wWE SAUR
CC(60.5%), Pulse 20ms(62+), Pulse 100ms(64%), Pulse 200ms(743),
CCICVA06HE FA o] HAT o]F &3l CC, PCHE 7]& CC/ICV F
ARG 1& FHo] 7heds sttt DTCTY &8 &9 &4
= CC(97%), Pulse 20ms(96%), Pulse 100ms(94%), Pulse 200ms(82%),
CCICV(BT%=Z =Ao] H At CC, Pulse 20ms¥d wf 712 DTCT7} 7}

& =7 SEHAS
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42 EIS H& 43
421 CC &4 % 4¥

T4 = .9d" wiEgolth A

71 A g elol ®lsjA Rs, Rpatel =

o] FTH[17] o] & &3l T - WA AUt IPE+F Rs@= T3 SOH
£ olgsty] AP Azdel Hgol sbsITE AL AN b 9
=
Table 4 : Control condition of charging / discharging
Condition
Control CC 500mA
Charge
Cut-off SOC 100%
Control CC 500mA
Discharge
Cut-off SOC 0%
40.0
30.0 éocﬁ’doggzﬁz: il b:“_L 5
20.0 oco o o : "ro) .
‘ug'n 10.0 gffg ﬁ"‘ - P B °
._E_I 5 g ; o@%.f‘:c ‘® o
N 0.0 ° =
2500 © 2p0.0 350.0 400.0 450.0 500.0
-10.0 e o

-20.0
Z_real(mQ)

© 0 o 500 (Times)

Fig. 34 Impedance graph according to 500 cycles
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Fig. 35= #lEHliE gl el S AES00 BE Fa¢E M3 7™
A EAT dadze] Tgizoltt. SOC 100%Y wj 2ok SOC 20%Y
Rp#kel B 24 4= en, ol#e Ayp= SOC #hel il wet
A Rpel #el HH o AAM, Rpel #el 571 d¢% s &0l

Aol e & & Ytk

[ AR ¥ T )
S = T )

_img(mq)
B & B

-Z_im|
(=]

(== I

g 200 250 300 350 400 450
Z_real(mQ)

© SOC100% 0 SOCHE0% a.S0C40% . % 50C 20%

Fig. 35 Impedance graph according to SOC
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42.2 PCH A%
A3Le CC/ICV &4, PCHE UHA Hdystglen, Fig 362 CC 5
AA O At AFel W By He Avolnh. 4w AyFe At
Ao s ARE e zloln, YA HA

:lm
O{N'
rulo
P
Og{:‘vl
ol
el
)

Fig. 37 #2270 Ao Ags AF $de 5o Aot P

AR AN AFE 004 2% AFHA7MA AL WHEsH7] w2

Fig. 388 PCH ®W2olA 37FA] F2B](On_time/Off_time)E 283
Ad gggolt) YolARE «AHE 1000ms/50ms,  1000ms/100ms,
1000ms/200mse] #d S AL Aol

Fig. 36 Waveform of voltage and current using CC
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b

Fig. 37 waveform of voltage and current using PCH method

1000ms/20ms

S

Fig. 38 Waveform of voltage and current of 3 types of charging ratio
tested in PCH method
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4.2.3 CCICV, PCH 42 A&T viEg SAF £4 44

Fig. 39&= CC/CV, PCH W< o]&sted ST Al w8 g E EISE
o] &st] W HAZtHERpE S48 AFoltt. Rpatel & &AHE
Pulse 20ms(125m &), Pulse 100ms(107m£), CC/CV(101m&), Pulse

200ms(74m )02 FA o] HJth Rp #kol F+5 FAZF| 7] W&

o] o] JHA 22L& EAS 7R H2L Pulse(200ms)Y w2 B4
o] HAth[17]
40
35 000?0‘3 08300{}
o2 ot 2%
0 30% oRE, x ok °
o T Wl e—
25 go"\ma‘.‘-:? _m:\ x'\i%a =
[THA A o
20 o::?q_j:fr = E A % o
. o E a
L+ Ya¥ars A Qo 1+
E' 15 h: ‘g i =
10 okn ‘?E k. L 9(\-;30
. X
0 o
100 120 10 160 180 200 220 240 60 280 300
: o O
-10
Z_real

© 20ms 0O 100ms A 200ms x CC/CV

Fig. 39 Impedance graph of new battery
Table 5 : Rp values of new battery

F 72 CC/CV Pulse Pulse Pulse
HA ZH0
A - 20ms 100ms 200ms
Off_time
Rp(m2) 101 125 107 74
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Fig. 40 Fig.39°14 <33 CC/CV, PCH ®2& o]&3ste 3003
Z - WHsR e W WE FHuEE SA S A3oln. Fig. 399 Table
6ol Aol ZAyrtt Rp W Fko] & TAIE Pulse 200ms(29m 2),
CC/ICV(19m 2), Pulse 20ms(17m ), Pulse 100ms(14m 2)°. & =Ho] =
ATH RpH3}; o] S5 wiHy SHTF 4 ¥} IFe FEE
Z - 3A Sl & P £ 549 S H2S Pulse 100ms=
Aol Hu, T - A vt SUHEFE \EHgE A AeE 24

.

e

(i

. COGDO %O
30 cg‘gt o o
Frdtial s
5o 3 F iy N b %
. ©
A \ ¥ =
20 - 3
"E'| 15 “an 2
~ A g & &
10 0 Fy y-) &5 & °
o0
A ;.&5& %J
5 E £
o *
0 az;
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5
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Fig. 40 Impedance graph of battery after 300 times

charging/discharging
Table 6 : Result values of Fig. 40 test

2 CCICV Pulse Pulse Pulse
H2x FHe

? ° - 20ms 100ms 200ms
Off_time
300 Cycle

120 142 121 103
Rp(m Q)
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4.2.4 CC, PCH 4= <] &3 wigg 1% v 43

Fig. 402 55354 W42l CC, PCHE o] &3t Zx3 g g E
EIS AulE o]&sled Rsgke #4353 Rs¥stgo] & <AWE
CC(139m L), Pulse 20ms(135mf), Pulse 200ms(133m2), Pulse
100ms(127m 2)S.2 ZA o] =AUt} Rswstgke]l &% SOH %71 09
TR EE R EA P F& 549 T 242 Pulse 100ms

o2 BAo] it

100 200 300 400 500(Cycle)
400
I I I I I I
300 i I I g —
| | | ket |
200 | 1 l : |
100 i l | | l
0 | | | | | |
I J I I I I
—HHE —20ms —200ms —100ms
Fig. 41 Rs values using EIS method
Table 7 : Result values of Fig. 41 test
Rl CcC Pulse Pulse Pulse
H2 F29 Off_Time 0 20ms 100ms 200ms
Rs 7] m L) 143 145 146 144
500Cycle 3
282 280 273 277
Rszx(m L)
Rs &71&(m Q) 139 135 127 133
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3) CC, PCH 3412 olgste] 218 Al WE2E ESE ol gale] )
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