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Motors are used in automobiles and many other applications and account for a significant portion of total power consumption.
Therefore, it is important to design highly efficient motors and accurately evaluate their performance. However, the finite element
analysis (FEA) used for motor design cannot fully reflect the actual test environment. Therefore, it is necessary to validate the design
by comparing the FEA and test data through motor testing at the final stage of motor design. Among various motor test methods, in
this paper, a 15 [kW] dynamo is used to reach the measured operating point through speed control of the load motor and current
control of the test motor. The back electromotive force obtained from the no-load test of motor was measured and compared to the
back electromotive force constant and torque constant values calculated from the FEA. These constants allowed the torque to be
predicted without performing complex load tests of motor. Mechanical losses can be calculated by separating iron losses and
permanent magnet (PM) eddy current losses from the no-load losses obtained from the no-load test. The mechanical losses are
reflected in the FEA results and compared with the test results to accurately evaluate the performance of the motor design.
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Fig. 2. (Color online) Schematic of no-load testing.
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Fig. 1. Flow chart of motor testing.
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Fig. 3. (Color online) Schematic of load testing.
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Fig. 4. (Color online) Test set-up.
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Fig. 5. (Color online) (Left) Waveform of no load back EMF, (Right) FFT of no load back EMF.
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Table I. Operating point of load test
Operating point ~ Voltage [V]  Current [A]  Power factor
A 76.62 29.68 0.43
B 76.61 35.73 0.44
C 76.90 4225 0.44
D 76.81 44.72 0.44

Table I1. Comparison of predicted torque and experimental torque

Operating point Top Tore Error [%]
A 4.90 4.88 0.397
B 5.88 5.88 —0.066
C 7.07 6.95 1.708
D 7.36 7.36 0.005
—=— : Iron and copper losses through FEA (D)
—e— : @ + PM eddy current loss through FEA (@)
—4—: (D + @ + Mechanical loss through no-load test (3)
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Fig. 8. (Color online) Comparison of efficiency at main operating
point.
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