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This paper deals with the heat transfer analysis through the electromagnetic- thermal coupling analysis of large scale synchronous
generator. The synchronous generator is a wound field synchronous generator, and the operation characteristic curve is derived through
electromagnetic analysis. Through this, the synchronous generator is classified into the heating limitation region by the armature
winding, the field winding, and the stator end region. Next, for the analysis of the main heat source of generator, the losses incurred at
the rated output within the heat limit region were calculated. Core loss was derived by using finite element method and copper loss
was calculated by using the copper loss equation. Finally, the characteristics of the generator based on the air-cooled system were
analyzed by the convection heat coefficients through the electromagnetic-thermal coupling analysis. Convection heat coefficients were
considered both natural convection and forced convection, and confirmed the thermal analysis according to the convection coefficient,
generator saturation temperature, and thermal strain alalysis.
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Fig. 1. Flow chart of the electromagnetic-thermal coupling calculation.
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Table 1. Specification of analysis model.

Parameter Value Unit
Pole/Slot 40/330

Powerfactor 0.9

Ratedspeed 180 rpm
Output Power 100 MW
Rated Back EMF 16700 Y

Rated Current 4150 A

Air-gap 20 mm
Length (withair-duct) 2588 mm
Air-duct 468(12 x 39ea) mm
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Fig. 3. (Color online) Drawings of generator with air duct stacked on stator and rotor: (a) 2D, (b) 3D.
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Fig. 4. (Color online) Operation characteristic curve and heat regiron
of analysis model.
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Fig. 5. (Color online) Winding structure of wound field and armature.
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Table I1. Analysis results of stator and rotor copper loss.
Loss [megW] Volume [m?] Density[kg/m?] Mass [kg] Wikg
Coil(Stator) 0.0830 3.3147 8933 29610 02.8031
Coil(Rotor) 0.5861 3.0581 8933 27318 21.4500
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Fig. 6. (Color online) Analysis positions of stator for core loss.
Table II1. Analysis results of core loss.
Loss [megW] Volume [m?] Density [kg/m’] Mass [kg] Wikg
Shoe 0.0536 0.5214 7700 4014.8 13.35
Teeth 1.2145 17.5274 7700 134961 9
Yoke 0.2781 23.7117 7700 182580 1.5231
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Table VI. Material property of analysis model.
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Parameter Thermalconductivity (W/m-~°C) Density (kg/m®) Young’s Moduli (GPa) Poisson’s ratio Thermalexpansioncoefficient
Copper 360 8,933 115 0.345 1.65¢e-6
Electrical steel 23 7,770 200 0.3 1.4e-6

Table V. Heat flux of heat source.

Parameter Density (kg/m®)  Mass (kg)  Heat flux (W/kg)  Total heat flux (W, fullmodel)  Total heat flux (W, 1/80model)
Shoe 7,700 4,015 13.350 53,598 670
Teeth 7,700 164,961 9 1,484,649 18,558
Yoke 7,700 182,580 1.523 278,088 3,476
Coil stator 8,933 27,318 2.803 76,575 957
Coil Rotor 8,933 29,610 21.450 635,135 7,939
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