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Introduction 

 

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 Procedure  
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.   
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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. 



  

iii 
 

 

Figure 2: Permanent Magnet generator on dynamometer 

 

 

 

 

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.   

 

 
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. 

 

Figure 5: Speed vs. Torque at various Loads 
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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. 
 

 
Figure 7: Speed vs. Power input at various Loads 
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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 
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Table 2: Test Data at resistive load range of 5 to 12 ohms 
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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. 

 

 
Figure 9: Cogging torque measurement 

 

 

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0 10 20 30 40 50 60

To
rq

ue
 (N

m
) 

Data Points 

Cogging 



  

xii 
 

 

 

Conclusion 
 

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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