ISSN (Print) 1598-5385
ISSN (Online) 2233-6648
LA+ Journal of the Korean Magnetics Society 31(3), 1-7 (2021) https://doi.org/10.4283/JKMS.2021.31.3.1

Investigation of Fuel Economy of Light Electric Vehicle According to Size
of Traction Motor Considering Material Properties and Driving Cycles
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This paper deals with the fuel economy of the light electric vehicle (LEV) according to the size of the traction motor. Firstly, the
cross-sectional area design was conducted considering the electromagnetic and mechanical properties of materials for the traction
motor. Based on this design result, the characteristics of the traction motor was estimated according to the stack length by using finite
element analysis (FEA) and equivalent circuit. Next, to investigate the effect on fuel economy, the vehicle simulation was constructed.
The ADVISOR, freeware of the MATLAB-based program, was utilized. Especially, to reflect the successive charge-discharge
situation, 2nd order RC equivalent circuit was adopted. Finally, the relationship between the traction motor size and fuel economy was
analyzed for the urban driving cycle and highway driving cycle.
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Fig. 1. (Color online) Base model of traction motor for LEV.
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Fig. 2. (Color online) Magnetic characteristics of materials (a) iron loss of core materials and (b) B-H curve of permanent magnet.
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Fig. 4. (Color online) Mechanical stress distribution comparison of
initial and improved model.
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Fig. 6. (Color online) Iron loss calculation process.

FFS Hsth T Atel= lelA Jid AAZE | A
< IRIE = Utk Fig. 40l o] F B Ao &=l
7IAA &8 A ARE UERAITE o] W AREE WhHe
ANSYSE &83le] 2D 8 f3has s o833t
i mdle] 739 o) g-2o] 263.95 MPaollA] 296.75 MPa
2 2% Z7RISAT, W9 A5 34 S0l 410 MPa
2 71 275 MPeol| HI3|| w9~ 7] wiEel] PAlTE tS
wol grE Z& SRIF 4 Urte].

1. LEV 23

LEVS] Tdlg)e ulak NREL(National Renewable Energy

2D FEA d-q axis

equivalent circuit

Flux
weakening 150
control

Torque (Nm)

0
0 2000 4000 6000 8000 10000

minimize Speed (rpm)

control

Efficiency Map
&
Torque-Speed Curve

Fig. 5. (Color online) Process of traction motor efficiency map and torque-speed curve generation for motor modeling.
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Fig. 8. (Color online) Battery model for vehicle simulation (a) equivalent circuit, (b) open circuit voltage, (c) resistance, (d) capacitance
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K Tk )
A A @EIEAQL, wiEE #e) 340 kg
= 1.19 m
0] 1.46 m
o] 1.69 m
vl A7 0.53 m
TS 0.01 -
37) A A 0.30 -
) s 120 kgm®
7)o1n] 8:1 -
|
A7 = 20 ke
ER QA -
23 A} 189 Y
(< Rt
HiE =] 23] fe 17 kWh
A 136 kg

Fig. 79 A4t

o2 HiEg] 2do #sje] At vieg] 2l
T s & 99+ = 23k R-C pair 57} fﬂi
£ o] 83I3TH10]. 7Y 3= At 7R depHES
BF ARE FE E=Sih A 3= Ak 1/60C-4 =
WS T 2 S sPEA SoCH Hs &
Aalar, At WAl s A 32 e s A
L3190t 57182 dehnEE= HPPC(hybrid pulse power
characterization) test2%E =3t 11]. 572 2 I}
HE= Fig. 8ol VERASIH-

U2 LEV F3x70] tisle] A

)
o
XE

Wk 9A A AL

1201 Artemis — Urban — Rural |-
100 e

Speed (km/h)
3

; i )
0 200 400 600 800 1000
Time (sec)

Fig. 9. (Color online) Target driving cycle.



—6- Zgalol 23} A EAS T3 TERE ] Alo|=o] w2 ek A7]ate] Au] B4 _ 25w . A7) - AHA
o 17.0 B Weight Power Density ’s
60

e o | N 1, R
= 40 ‘w ! oA, \\ Z g
7. 20 ¥ At ™ 50! % -
PRY-: e E; % <
g 20! RIS L. % % §
T of " . |#% b Operating poin = % 5
- %
. g

-60 P Urban
.20 2 Rural
0 2000 4000 6000 8000 10000
Speed (RPM)

Fig. 10. (Color online) Traction motor operating points during vehicle
simulation.

& LEVE &4 FAEEQ 2 wiEE] Alys 340
ke®® 7H¥8I, A 3 E0]E 1.19m, 1.46 m, o]
2= 1.69mZE WFFSITE 18]al Elelols XS nlF| <]
AL 0.53 mz WAt A AR B 2332 Table
1ol Aglate] YepRIT

o 2= 2 AlEE0)AAS st 8 Alo|Fl] dist
o] At} s 29817 flste] TR Ad8e] 38 AL
olZ-S AMEERILE WRE Thige] Be £l TR,
OE she Ml 7ol Aal & FPE sk o
FEPrto)|ES FR31ATE Artemisthe AlolE Zol|A4] Urban
T} Rural Alo]E0]H, ©]E Fig. 99l ZAISIATH12].

olF o]&sle] AF AlEH OIS S AT THE EH
o] B2XHL Fig. 109 JERNATH

ME

A Z1t

AI

IV. |

S X187 LEV XREs} A5 Aol mE YE 54
Hhegslo] ApF AlgeloldS sttt A4 AlEeold
# Alel= AT 2o] ¥ EEY] 77 E3E kgl v
g A 8 T 2Ele] 29 UEE Fig 119 ZASIH
A= 2 Agel =278 ARkl =48t

7} Atolgol] gk AWl A4S ffsll TRsRE o] A% Aol
oA HlFS AWEIT WA UrbanitolEel] thaiA
= A5 ot AFF olluA LHle] gkt =, Auvt
T& BH Alolzrt S5 2 2FE UERTh ol= Fig.
120 Z2efz=2 Yepfoint. o] Z3k= Fig. 109 YRl 2%
# Urban AlO]Z9] 735 A& AES 73k BWol ARSs}Y]
wholetal & 5 Stk 7-s BE9| FAPE Fiveks, Fig.
M = = dRe] AT Aol ST AN EE F

> o

o

NN

AN

w
wn
o
N
w
~

38 39 40
Stack length (mm)

-~
—
R
[

Fig. 11. (Color online) Weight and power density of traction motor
according to stack length.

1500
| Urban|

—
-
(]
(=]

1460

1440

1420

Consumed Energy (kJ)

1400
35 36 37 38 39 40 41 42

Stack length (mm)

Fig. 12. (Color online) Energy consumption for Urban cycle according
to traction motor stack length.

4700

-
(=)}
[}
(=}

- +
N N
- D
(=] o

Consumed Energy (kJ)

4600

35 36 37 38 39 40 41 42
Stack length (mm)

Fig. 13. (Color online) Energy consumption for Rural cycle according
to traction motor stack length.

o &= vIA7] wioltt.
HhAdl Rural AfolEel there= 25 2ot g5



KATF=3> Journal of the Korean Magnetics Society Vol. 31, No. 3, June 2021 -7-

6125

|mmm Combined (Urban+Rural) |

N
—
(353
(=]

N
—
—
wn

N
—
—_
o

Consumed Energy (kJ)

6100

35 36 37 38 39 40 41 42
Stack length (mm)

Fig. 14. Energy consumption for combined cycle according to
traction motor stack length.

Uz AHlgo] 2k 78S Hom 36 mmold 7Y &8
20 As FRlsksit. ]h Fig. 139 2= = Jeh)ct.
o] A= Fig. 109 YERH ZAH Rural ALe]29] 724 1L
& AEA FhE Bol ARESP] Wiieldlar & 4 ok
T HHY 14 §80] IR Asitete FAZE 7HE A
o] ¢ fellhe 295 JERATE E3F 36 mmollA HAH
o] Yehd Ao zRE FA7} Fol= gHHT; FLo] &
oARE o] o F Aol Ate AS ERIF + O‘C}it}
RS 2= T Al|ES AR FYEIS w ARl BES
AR 7) $f3te] o] *Hl S AR AR 25
o] M9 ol A 39 mmSl S oA AnlFo] 71 2ke
& A} o= Flg. 1401] =z z Jehiict

>}L ru\lru

mlo

va £

LEV & FERE9] Alo|ze] mp2 =8 Alo]E ¥ HHIE
AT olE 98t WA AE AH 547 71AH
548 a8sle] s EE 9He] JAEAIE FssiT
o] HelRRE HZF o] W Ry U xlssle] A&F

= o AlEdold s Al B
764?2]3} oAlyA] &HlEF 45 -?4'3}04 HiE 2] Fd
s F g 5 des wiEE AIF 7Rk 23 R-C 7
32 2Es ARSI ]i—rlﬂ Urban, Rural, Combined
Afolgol tisle] oflA] AHlES EA8190TE Urban AlOlE

;o

o] A Alelz Azt Btk &4 IRIES] §& S &%
7} Z10™, Rural AbolE9] B¢ o= 5 7= && 7
A B Alelz A7 @37} Z1Yk. Combined AR)E2] 7
= AE U WY S ARA 7P ol|A] ARt 2
S APlE7E U5 & F AT & B4E Bl TE
TE BAY} d3ko] A ZeEhs LEVY A9 Fe vt
o] Au] A &3 ke ol ZS ATE 5 U
w2bA LEVY] Z-folle 28 sl w2t 755289 /‘}Ol
=5 AHs] sk zlo] ] el =gl & o=
Tt

HAlel =2

o] TS AT RN AdREIE A=A 9
AP A 7SR TA(KIAT)] A|US o}l S=3ig
ATA 021 v FAEAF R&D 1= AN, A
H3: N0002428).

References

[1] Y. H. Jung and J. P. Hong, J. Korean Magn. Soc. 28, 4 (2018).

[2] C.S. Lee, J. H. Kim, and J. P. Hong, J. Magn. 20, 2 (2015).

[3] N. Matsui, Y. Takeda, S. Morimoto, Y. Honda, Design, and
Control of IPMSM, Ohmsha, Ltd. (2001) pp. 1~23.

[4] C. H. Baek, C. W. Kim, and J. Y. Choi, J. Magn. 25, 3 (2020).

[5] K. S. Cha, D. M. Kim, M. R. Park, M. H. Yoon, and J. P.
Hong, 2016 TEEE 84" Vehicular Technology Conference
(VTC-Fall) (2016).

[6] J. H. Kim, D. M. Kim, Y. H. Jung, and M. S. Lim, IEEE Trans-
actions on Energy Conversion (Early Access).

[7] T. Markel, A. Brooker, T. Hendricks, V. Johnson, K. Kelly, B
Kramer, M. O’Keefe, S. Sprik, and K. Wipke, J. Power
Sources 110, 2 (2002).

[8] S.I. Kim and J. P. Hong, J. Magn. 21, 3 (2016).

[9] D. M. Kim, J. W. Chin, J. P. Hong, and M. S. Lim, IET Elec-
tric Power Applications 13, 9 (2019).

[10] M. P.Klein and J. W. Park, J. Electrochem. Soc. 164, 9 (2017).

[11] H. E. Perez, Ph.D. Thesis, University of California, Berkeley,
USA (2016).

[12] S. Giinther, S. Ulbrich, and W. Hofmann, 2014 International
Symposium on Power Electronics, Electrical Drives, Automa-
tion and Motion (2014).



