REPORT
Permanent Magnet Generator

Performance Testing

This document was prepared by Advanced Energy.
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Permanent magnet (PM) motor technology is receiving increased
attention due to promising performance features of the technology.
A PM generator prototype invented by Joe Shepard of Franklin-
Thomas Company (FTC) was delivered to Advanced Energy for
testing. The goal of the test program is to determine the efficiency
and performance features of the generator. This report presents
findings of the test program.

Test Setup

The generator (pictured below in Figure 1) is a polyphase
permanent magnet generator with embedded rectifiers on one of
the end rings. Therefore the output of the generator is DC. The

machine was tested as a generator.



Figure 1: Permanent Magnet generator

Advanced Energy used an electric motor driven by a Variable
Frequency Drive to control the generator. The output of the
generator was connected to a Load Bank to dissipate the power
generated by the machine. Torque and speed were measured at the
shaft of the generator and considered the input power. Voltage and
current were measured at the output of the generator and
considered the output power. The efficiency of the generator was
calculated by dividing the output power by the input power.
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Figure 2: Permanent Magnet generator on dynamometer

Output Power

Measured

Input Power

Measured

Load
Bank

PM

Generator

Dyno

Figure 3: Schematic of the test setup
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Open Circuit Test

The generator was initially spun with the output leads unconnected
to load. The result is presented in the Figure 4.
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Figure 4: Voltage-speed characteristics at open circuit
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Load Test

The generator was tested at a number of load and speed points. The
exact rating and capability of the generator was not known prior to
the test. However the inventor had proposed a maximum current of
66A and a test voltage not to exceed 600Vdc. A number of data
points were taken within the specified voltage and current values.
The data from the test is shown below in Tables 1-2 and plotted in
Figs 5-8. The generator efficiency was calculated as output power
divided by input power.
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Figure 5: Speed vs. Torque at various Loads
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Speed vs. Efficiency
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Figure 6: Speed vs. Efficiency at various Loads
From Figure 5, the maximum torque developed by the motor over
the load range tested was about 40Nm. Also the maximum
efficiency achieved within the tested load points is 92.3% as shown
in Figure 6. At lower values of resistive load, the motor heated up
more rapidly than at the higher values of load resistance.
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Figure 8 shows the temperature rise (stator winding temperature
minus ambient temperature) of the motor during the test program.
The stator winding temperature measured by a thermocouple
placed on the winding and the measured values are shown in the

Tables 1-2.
Speed vs. Power Input
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Figure 7: Speed vs. Power input at various Loads
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Speed vs. Temperature Rise
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Figure 8: Speed vs. temperature rise over ambient at various Loads
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Table 1: Test Data at resistive load range of 14 to 48 ohms

1371.8 . 1222 .2
23846 . 2160.1
36543 . 33417
51753 47453
6042.9 5545 6
7555.8 5952.0
3491 4 303.0
1389.0 1224 .4
3091.0 27935
53871 4918.2
6694.1 6135.2
8256.7 7597.9
9910.2 9116.4
11755.5 ] 10852.4]
377 A . 325.0
1467 5 1289.2
3255.0 2917.8
57275 5218.5
7175.9 6547.8
8733.0 7976.6
10510.2 9634.2
126211 11520.9
538.4 d 450.7]
20671 1804 .4
4561.8 4080.0
T967.7 ! 7238.2
10046.5 9161.3
12256.9 11167.5
13529.7) 123261
14864.2 13519.4

& advanced ix
senergy

LTI

o Wiy 1
TN

N
’,



Table 2: Test Data at resistive load range of 5 to 12 ohms

639.2 538.8
2471.7) 2169.2
54001 4860.6
9366.5 85233

11806.2 10705.5
14487.2 13099.5
15644.2 141078

674.1 d 560.1
2587.5 2251.5
5657.6 5074.6
9850.2 8909.7

124113 11205.3
15252.7) 13717.9

860.9 . 707.6
3274.8 2824.9
7188.6 6378.1

10056.2 8916.4
12637 4 11201.0
15689.2 138781
1012.3 830.9
3826.4 33071
8446.6 74358
9917.6 a701.7
15062.7) 13179.1
1124.6 9125
4235 4 . 3636.4
9325.0 §129.2
14586.5 12634.4
1323.4 1055.9
4986.4 4243.2
11064.8 9495 4
13452.2 11427.6
1514.2 1199.3
57256 47975
123653 . 10310.2
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Cogging Torque

The cogging torque of the generator was measured at zero
excitation to determine cogging characteristics. The generator was
rotated at low rpm (about 3-rpm) to measure the dynamic
characteristics, acquired through a high speed data acquisition
system. This measurement was compared to another measurement
of cogging taken by hand spinning the rotor while the torque was
recorded. The dc offset about was 0.2Nm. The cogging torque
characteristic is presented below in Figure 9. The rotor was not
held in position, therefore the plot references measured data points
rather than rotor position.
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Figure 9: Cogging torque measurement
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A permanent magnet generator prototype invented by Joe Shepard
of Franklin-Thomas Company (FTC) was delivered to Advanced
Energy for testing, to determine the efficiency and performance
features of the generator. The generator has embedded rectifiers
and therefore its output is DC. The machine was tested as a
generator and no test in the motoring regime was carried out. The
output of the generator was connected to a Load Bank and
measurements were performed at varying resistive loads from 5-

ohm to 48-ohm.
The maximum torque developed by the motor over the load range

tested was about 40Nm and the maximum efficiency developed

within the range is 92.3%.
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