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abstract

In this paper, Switched Reluctance Motor (SRM) for electric vehicle (EV) is designed using finite element
method (FEM). The static torque of SRM is calculated with the magnetic field analysis. The temperature
rise of SRM is calculated with the heat transfer analysis.  First, the static torque and temperature rise of 600W
SRM of sample machine are measured in the experiment, and they are compared with the calculated results
using FEM under the same conditions. The validity of magnetic field analysis and heat transfer analysis is
verified by the comparison. Then, the 60kW SRM for EV which has the output characteristics equal to

1500cc gasoline engine is designed with the magnetic field analysis and heat transfer analysis.

Keywords: SR Motor, finite element method, electric vehicle, design of SR motor, static torque, heat transfer
analysis
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Fig. 1. Analytical model.
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Table 1. Analytical condition.
number of node 14993~15901
number of element 7382~7836
mgesh size (all arca) 0.0013
shape of clement trianglc

cxcitation phasc of coil onc phasc only

magnetomotive force 80 [AT]
current density 1.559010° [A/m’]
partial area of coil 51.3 [mm?]
analysis range 0~45 [deg]
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#2 SRM DOfl#k
Table 2. Specification of SRM.

stator outer diameter 76 [mm]
rotor outer diameter 37.55 [mm]
stack length 50 [mm]
output 600 [W]
air gap 0.2375 [mm]

number of windings 20 [turns/polc]

stator poles / rotor poles 6/4
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Fig. 2. Calculated result of inductance.
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Fig. 4. Experimental system.
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Fig. 5. Comparison between calculated result and
experimental result of static torque.
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Fig. 6. Calculated result of temperature distribution.
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Table 3. Analytical condition.
motor size 250 [mm] 300 [mum] 350 [mm’
number of node 11377~11785 11481~11849 11945~12633
number of element 5598~ 5802 5650~5834 SB66~6210
mesh size 0.0055 0.0065 0.0070
shape of element triangle triangle triangle
excitation phase of coil | _one phase only one phase only one phase only
magnetomotive force 6700 [AT] 6700 JAT] 6700 [AT]
current density 8.4669x10° | A/m’| | 8.3819x10° | A/’ | 8.4560x10° | A/m’]|
partial arca of coil 555.10 [mm’] 799.34 [mm’] 1087.99 [mm’]
analysis range O~45 [deg] 0~45 [deg] 0~45 [deg

F4 R E 25 SRM OfERE
Table 4. Specification of SRM as candidates.

stator outer diameter 250 [mm] 300 [mm] 350 [mm]
rotor outer diameter 123.51 [mm] 148.22 [mm] 172.92 [mm]
stack length 150, 200, 250 [mm] | 150, 200, 250 [mm] | 150, 200, 250 [nun]
air gap 0.2375 [mm] 0.2375 [mm] 0.2375 [mm]
stator poles / rotor poles 6/4 6/4 6/4

* k4 - I » Maged Naguib F. Nashed * B « EJF)
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Table 5. Average torque of SRM.

Motor size | stack length | MMF [— Average Torque [le]
without gear | with gear | with gear
[mm] [mm] [AT] 1 phase 1 phase | 3 phase
150 79.15 791.51 | 148451
250 200 105.53 ] 1055.35] 1979.35
250 131,921 1319.18 | 247419
150 124.19 | 1241.95| 2389.42
300 200 6700 165.59 | 165593 | 3185.89
250 206.99 1 206991 | 398236
150 179.44 | 1794.45| 3562.67
350 200 239.26 | 2392.60 | 4750.23
250 299.07] 2990.75 ) 5937.79
250
First
200 /
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Fig. 9. Speed-torque characteristic of gasoline engine.
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Fig. 10. Calculated result of temperature rise.
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Fig. 11.  Analytical model.
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Table 6. Specification of designed SRM.

stator outer diameter 300 [nun]
rotor outer diameter 148.22 [mm]
stack length 150 [1un]
output 30 [KW]02
air gap 0.2375 [1un]
diameter of coil 1.6 [mm] (T'hree lines are arranged in parallel.)
space factor of coil 60 [%]
number of windings: & 80 [turns/pole]
stator poles / rotor poles 6/4
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