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Abstract : Electric motorcycles are being developed worldwide to reduce air pollution. In general, electric motorcycles have
a short mileage per charge and take a long time to charge, so research on electric motorcycles with swappable battery is being
actively pursued. Electric motorcycles with swappable battery may have different SOH and SOC for each battery. Therefore,
electrical power characteristics may vary according to the series or parallel connection between multiple batteries. In this
paper, five batteries for electric motorcycles were selected as samples. Power tests according to the series or parallel
connection were performed using two of the five batteries. In case of a different SOC, N two batteries were combined and
tested. In the case of a different SOH, one N battery and two batteries for life test were combined and tested. Finally, the
experimental results were compared and analyzed.
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Table 1 Battery specification

Current

Voltage Capacity

Charge
48V 20 A 30A

Discharge

10 Ah /480 Wh
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Fig. 3 Series and parallel circuits in power test

Table 2 Power test configuration with various SOC and

connection type
No. B1 SOC (%) B2 SOC (%) Connection type
1 100 100 Series
2 100 90 Series
3 100 70 Series
4 100 50 Series
5 100 100 Parallel
6 100 90 Parallel
7 100 70 Parallel
8 100 50 Parallel




HII0IEAE nEd HiE2| 2| - FY AP OE ¥ 54 A7

25,

20

ulalals

0 10 20 40 50 60
Tlme(mln

Current(A)
=
G

Fig. 4 Discharge current pattern for battery power test

L7}o}‘3§5‘r.

2.3 SOH ol IE 23 £4

A/ ™ 14 A] SOH #polel] whe E= 545 37
371 $18te] Fig. 594 22 AAke] 1 AJ3& AAlskal
Tk A9 HPPCE ©] 8- viE 2] W53 574, 6714

=213, 1003] 9] Wi e] Z83d Abo] S Al o= 7+
atiom miE 2] S ApolEo] 5008] 71 v 7hA] 1

Yahoieh,

23.1 HPPC A|BE S5t Liys =3
v 2l e] depg s dhetstal 7 A3t A Ek Al
A43sl7] $)8ke] HPPC(Hybrid Pulse Power

)
ftlo

START

¥
Internal resistance test (HPPC test)

!

Power test

!

e p— p—
— J J |

Charge & Discharge test (100 cycles)

Number of charge &
discharge cycle = 500

( END |

Fig. 5 Flowchart of power test according to the SOH

Characterization) Al @2 %3l vieg] W5 43S =4
sHA T
HPPC A 32 e 2lof] Q171 %5 2

%%%ﬂﬁﬂﬂ%ﬂblﬂw4ﬁﬂﬁb
=
[

8|

[ p

I} o] SOC 50 %<1 AFE) 2] HHEMOH
0.5 Co AFE THT P =AZ 1024 F 63 A7}
ko] et EE 9la) 13] 17} 5 138-¢] F4
Atk A3 A s =o]7] Jate] 23] b
HAIEE Aldetolom HolE= 0.1% (HH o= 74

Ry = A V)= (OCI/:IUS_ V:iis)/[dis

M
R

i = AV/I= (Viyy— OCV )/ I,

Charge —*] [+

Current(A)
o

Break time : 60 sec

—» [~ Discharge

0 10 20 30 40 50 60 70 80
Time(s)

a) Charge and discharge current pattern

T T
i b Vg
L Charge [
D Ray= AVI=(OCV gy Vol |
= !
> j
an 1
il
o |
= |
Ry = OV = (OCV g~ Vi) s i
o :
> “Discharge !

0 10 20 30 40 50 60 70 80
Time(s)

b) Voltage during charge and discharge period

Fig. 6 Results of HPPC test

Transactions of the Korean Society of Automotive Engineers, Vol. 31, No. 4, 2023 267



Seungwon Lee + Byoungwook Jo < Hongjong Lee < Changsu Hahn

A7 Ry B Al vE ] W AR, 00V =
A A 2F 2= 7<401— I/;ls‘— Hd 23 A1 A Zﬂ%", [dls% w}
A Al Q7K AR, Ry e T A aE ] WE- A

3k

O
Vi 3 T3 AIA AL 00V, 53 Al A4
Y, L= T A A7HE A 75 vERiTh

2.3.2 SOH 35 25t AO[E AI”

WE 2] 9] SOHE d3}r]7]7] flete] Alol& Ald&
AT wiE g] S Ate] & Fig. 73 2] 0.7C
= CC(Constant Current)2} CV(Constant Voltage)S A&
shod 86t RE T4, 2453 FAl, 1CE 603 WA, 2333
FAZ F 15027 AlgE 1xfol &2 A48 AL Fig,
83} 7ol 100Ate] & Tl = wlj 50z m}t} H]o] E%% =3
sto] A kol Tk

2.3.3 A@/H™ HHA| SOH 2[0[0]| T2 E2A|H

218 L= Y AZAA] SOH Aol i [7]% &4
548 H718H7] 918k Table 33} o] A e 2](N)<}
2.3.274 2] SOH €3tA 8-S A% vllE g 27101, 02)E 2
A z3Fetal AE 9 HES A F 639 AlFES ]
Y53t

15
42 min 2 min—* [+
10 1, «cc re—CV
g ° \
s
g 0
5
S g >
Charge time : 86 min
-10
CC: 60 min
-15
0 0.5 1 1.5 2 25

Time(hour)

Fig. 7 1 cycle of charge and discharge

15

=
o

w

\‘\ I\‘H'\ “‘ ! \‘\ ‘\ \‘\ \‘\ ‘\ \‘\ ‘\ | \‘\ I‘\ i \|\ \‘\ \‘\ I‘\ \‘\ \‘\

o

Current(A)
o)

[y
o

[y
w

0 100 200 300
Time(hour)

Fig. 8 100 cycle of charge and discharge

268 AIASABEAE =22 A31AH A4Z, 2023

Table 3 Power test according to the SOH

No. Batteries Connection type
1 01,02 Series
2 O1,N Series
3 02, N Series
4 01,02 Parallel
5 O1,N Parallel
6 02, N Parallel

Ry

GND

GND

b) Parallel circuit

a) Series circuit

Fig. 9 Series and parallel circuits in battery soh testing
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Fig. 18 Power test according to SOH difference in series
connection
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test
) Battery capacity (Wh)
Connection | Battery
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