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Development of a Powertrain for 20kW Experimental Electric Vehicle Using

Surface Mounted Permanent Magnet Synchronous Motor

Sung-Hwan Park', Jeong-Ju Lee', Jong-Yull Son', and Young-Il Lee™

Abstract

This paper describes the development of a powertrain for a 20 kW experimental electric vehicle using a

surface-mounted permanent magnet synchronous motor (SPMSM) and its application to a test vehicle. Two

10 kW SPMSMs are used in the powertrain, and two-level inverters are developed by using IGBTs to derive
these motors. To control the SPMSM, a control board based on a TMS320F28335 DSP module, which has
fast arithmetic function and floating point operator, is used. We develop a 100 V/40 A battery pack, which

includes 32X4 LiFePO4 battery cells using commercial BMS. A commercial on-board charger with 220 V
(AC) input and 100 V (DC) and 18 A output is used to charge the battery pack. The performance of the
developed vehicle, such as acceleration availability, maximum speed, and maximum power, is estimated based

on vehicle dynamics and verified through experiments.

Key words: Surface mounted permanent Magnet synchronous motor, 2-Level inverter, Battery, Electric vehicle
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Fig. 1. Electric vehicle components.
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Fig. 3. 2 level inverter and cooling system.
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Fig. 4. Control board based on DSP module.
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Fig. 5. Torque control block diagram.
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TABLE 1 TABLE II
SPECIFICATION OF COMPONENTS OF POWERTRAIN CONSTANTS OF EV
Inverter | Battery Motor
Parameter Symbol Value
Rated voltage [V] 1200 100 100
Rated current [A] 450 40 125[AC] Vehicle mass (k] Myen | 330
Naximum current o0 " 0AC] Radius of wheel [m] R, 0.265
[A] Ratio of gearbox K, 4
Rated torque [Nm] : : 22 Frontal area of vehicle [m?] Sf 1.34
Maximum torque 31 Aerodynamic coefficient o 04
[Nm] ) . .
o Rolling resistance coefficient V} 0.013
Rated speed 5000
[RPM] Efficiency of transmission n, 09
Switching 10k Air density [kg/m*] 0.13
frequency [Hz] Grading of the road o 0
BMS+ Ewert EnergyAte] Orion BMS 36 cell =2
ARESHA T wEkA SOC daelsa Al el 2 Bg Speed of EV
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Fig. 17. EV test route.

TABLE I
TEST RESULT OF DRIVE DISTANCE
Total driving time 01:09: 17
Total distance [km] 18.12

Average speed [km/h] 15.7

Maximum speed [km/h] | 333
Total weight
passenger [kg]
Average output power
[k

including 400
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SOC B%E Aoz A 38 7Fs 9l 20%7H4 7
T stdnk Wt kW E¥or 7% sy, HAE 4
= F 3% 2ok E 01 09 1789 18&kmE +3 3}
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Fig. 18. Battery status during driving.

TABLE IV
COMPARING WITH COMMON ELECTRIC VEHICLE

Specifications Commercial EV Development
P (Soul EV) EV
Weight 1542 [kg] 280 [kg]
Driving
distance 148 [km] 20 [km/]
Batte

ey 27 [k Wh] 32 [kWh]

capacity

Battery type Li-Polymer LiFePO4

Fig. 19. Maximum power/speed test using dynamo meter.
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