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(Optimal Design of Induction Motor Rotor Slot Shape for Electric Vehicle
by Response Surface Method)
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Abstract

In this paper, the starting torque and efficiency characteristics of the induction motor (IM) for the
electric vehicle (EV) are improved by changing the slot shapes of squirrel cage. The initial model of
the induction motor is designed by the loading distribution method (LDM), and then the rotor with
squirrel cage of NEMA class A is selected to optimize the slot shape by response surface
method(RSM). The design variables of rotor slot shape are obtained by the RSM. Starting torque and
efficiency were calculated by the equivalent circuit method. As a result, starting torque and efficiency
of the optimized model shows good performance through whole-speed range.
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Table 1. Specification of EV motor

=

°Tl pDcM |PMSM| IM | SRM

a5
g8 [%] 85~89 | 95~97 | 92~95 | 90"] 7+
EEESs

< 1000[rprn] 4~6 | 4~10 | 9~15 | 15914
Hl&/& ¢ 10 10~15| 8~12 | 6~10
AJ o] 2 %] 1] & 1 2.5 35 45
A1 O O © ©
RES A O @) o
O : 84 0o A F

DCM : DC Motor

PMSM : Permanent Magnet Synchronous Motor,
IM : Induction Motor

SRM : Switched Reluctance Motor
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Table 2. Specification of EV motor
) T 4% wEER HAgEY | H1sE
3| A} (kW] [km/h]
A | Blue On |25 7] 61 130
Toyota | RAVALV |5 7] 45 7] 50 125
Nissan | R'nessa |5 7] 4% 7] 62 120
Honda | EV Plus |57 d%7] 49 130
GM EV 1 |fF=A%7] 102 129
Ford | Ranger |F=%%7] 66 120
Chrysler| Epic |[fFE=357] 74 129
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Fig. 1. Typical performance characteristics of

electric motors for traction
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Fig. 2. Equivalent circuit of Induction motor
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Fig. 3. Design flow diagram of induction motor
using loading distribution method
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Table 3. Design specifications of induction motor
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Table 4. Dimensions of initial model
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Fig. 4. Structure of induction motor
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Table 5. Dimensions of rotor slot
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Fig. 5. Flow Diagram of Optimization using RSM
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Optimal Hs1 Bs1 Bs2
D i 15.6818 5.6818 4.6818
Cur | [15.6818] [5.6559] [4.6818]
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Fig. 6. Result of Response Surface Method
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Table 8. 2%actorial design results using the
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3| Hsl Bsl Bs2 | & |Orpm@E=
1 [ 10-1) | 3(-1) | 2(-1) [91.71| 29847
2 | 18(1) | 3(-1) | 2(-1) |93.85| 24946
3 |10(-1) | 51) | 2(-1) |93.87| 27766
4 | 18(1) | 5(1) | 2(-1) | 9513 | 240.27
5 |10(-1) | 3(-1) | 4(1) |9360| 229.35
6 | 18(1) | 3(-1) | 4(1) |9490| 22425
7 |10(-1) | 5(1) | 4(1) |9471| 23545
8 | 18(1) | 5(1) | 4(1) |9563| 250.15
9 |73(-1)| 40) | 3(0) |9270| 313.92
10 | 20.7(1) | 40) | 3(0) |9525| 254.37
11 | 140) |23(-1)| 3(0) [9319| 21896
12 | 140) | 5.7(1) | 3(0) |9525| 23025
13 | 14(0) | 4(0) |1.3(-1)|9361| 26572
14 | 14(0) | 40) | 47(1) | 95.14| 22148
15 | 14(0) | 4(0) | 3(0) |94.52 236.7
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Fig. 8. Rotor slot shape of Optimization
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Table 9. Circuit parameter compared to initial
model and optimal model
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