’i) Check for updates

Transactions of KSAE, Vol. 30, No. 1, pp.83-89 (January, 2022) Copyright © 2022 KSAE/194-10
pISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2022.30.1.083

b

e HIERIS MR 48 HIIAB FERE M
.

Ol |2 et

0
2

re

o

y
b
2
s
EJ
[>

Design of Driving Motor for Small Electric Vehicle Using Low Voltage Battery
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Abstract : Eco-friendly vehicles can be broadly classified into BEVs, PHEVs, and HEVs according to the proportion of
electric motors in the vehicle’s power requirements. Currently, the most common eco-friendly vehicles are HEVs. However,
the proportion of BEVs will continue to increase in the future. If the charging time of electric vehicles can be shortened and
the mileage per charge can be increased, most future eco-friendly cars will be electric vehicles. Once electric vehicles become
popular, both general passenger cars and small electric vehicles for short-distance movement will also become popular. There
are many things to consider when designing a motor because a small electric vehicle with low voltage requires a large current
to drive the motor due to its small voltage and battery capacity. In this paper, in order to design a low voltage driving motor, a
design technique was studied to minimize input current, while considering the back electromotive force of the motor under
load. Furthermore, the Finite Element Method(FEA) was used to design the Interior Permanent Magnet Synchronous Motor
(IPMSM) to increase power density and reduce torque ripple. In order to verify the validity of this paper, a motor designed
with a proposed design technique was manufactured, and its performance characteristics were evaluated.
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Nomenclature LME
Ls-L, :d-axis and g-axis inductance AsAHE FWEYAHGDP)] 3 % ©)4-S A g
ig-iy  :d-axis and g-axis current 34 Akg1 o] sl Q171 4k SISl ST Aol
W,  :flux linkage by permanent magnets ok ZFsAF e AR ofu 2} oF 25000700l Eak=
P, : number of poles Abs b H5m-8 AR e Sl AFs AH-E 7S
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Subscripts

Spoll A 22 ApsAbe Wststal dvh 53] A7)t
BEV : battery electric vehicle A= 13 T 3 T3 ATt Fol tiFstE vl
PHEV : plug in hybrid electric vehicle AAom Fe7t dvkehs Aol AAARE HZel=
HEV  : hybrid electric vehicle 7 FE A7IAEAL v e A S
IPMSM: interior permanent magnet synchronous motor IR JA S < oHRo] 7]l A8 Q)
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Fig. 1 T-N curve of traction motor

Table 1 Specifications of traction motor

Power[kW]

Specification

Contents

Power/Torque

11 kW/50 Nm

Base/Max speed

2,100 rpm/4,000 rpm

Voltage

48 Vdc

Current

350 rms

Pole and slot

8 pole 48 slot

Current density

12 A/mm?
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Table 2 Design result according to EMF

M1 M2 M3
EMF 5 Vrms 6 Vrms 7 Vrms
Current 347 Arms 283A rms 241 Arms
Resistance 1.8 m& 29m& 4.0m¢&
Lamination 100.1 mm 95.7 mm 93.1 mm
Efficiency 95.8% 95.1 % 943 %
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