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Analysis and Reduction of Surface Losses in Solid Pole Synchronous Machines
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1.5 kVA

In this study, to clarify the principle of reducing the surface losses by
grooves in solid-pole synchronous machines, a 1.5-kVA prototype machine was built, and its
characteristics in a generator mode were investigated through experiments and finite element
analysis (FEA). In addition, to more clearly grasp the effect of the grooves, its characteristics
were compared under the same output power with those of two synchronous machines (ungrooved
solid-pole synchronous machine and ungrooved laminated-pole synchronous machine) of the same size.
The experimental and FEA results showed the following. By adding the grooves in the solid poles, 1)
the surface losses can be reduced, 2) the field current is increased and the load angle is
decreased, and 3) the magnetic saturation tends to occur in the field poles.
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Fig. 1. Eddy currents in a solid-pole face.
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Fig. 3. Structure of a grooved solid-pole rotor.
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Fig. 5.  One-fourth cross-section of the prototype

machine.

Fig. 6. Grooved solid-pole rotor used for the prototype

machine.
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Fig. 7. Dimensions of the grooves in Fig. 6.
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Fig. 8. Experimental setup.
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Fig. 9. Open-circuit characteristics.
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Fig. 13. Surface losses.
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Fig. 15. Load angles.
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