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Abstract Taking a 150MW air-cooled turbine-generator as an example, the two-dimensional
electromagnetic field analysis model is established. By using finite element method (FEM), the
electromagnetic field and parameters of the generator operating under rated load with broken strands
in windings are analyzed, by which the distribution laws of magnetic density in air-gap, stator slots
and tooth bottom are studied. Then the variation of direct and quadrature axis synchronous reactance
in generators with and without broken strands are comparatively researched. Based on some
reasonable assumptions, three-dimensional temperature field calculation model of stator within tooth-
space is established. From the electromagnetic analysis, heat sources distributions in generators with
different broken strands are obtained, and stator three-dimensional temperature field are calculated.
The change tendencies of temperature distribution in the stator without and with different broken
strands are analyzed and the influence of broken strands on the maximum value of temperature and its
appeared location are analyzed. From the studies some conclusions are obtained, which could provide
some theory reference for some issues such as safe operation of generator with broken strands.

Keywords: Turbo-generator, broken strands, electromagnetic field, direct and quadrature axis
reactance, temperature field
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Fig.4 Radial magnetic density in air gap with
three strands broken
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Tab.2 Flux under different conditions
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with three strands broken
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Fig.9 Quadrature axis flux with three strands broken
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Tab.3 Direct axis synchronous reactance of three phases
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Tab.4 Direct and quadrature axis synchronous

reactance under different conditions
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Fig.10 Model of the stator temperature field
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Tab.5 Test temperatures compared with the

calculated temperatures under rated condition
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strands and insulation under rated
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Fig.13 Temperature of the adiabatic surface of the

strands and insulation with three strands broken
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Fig.14 Temperature of the adiabatic surface of the

strands and insulation with ten strands broken
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Fig.15 Temperature of the adiabatic surface of the

strands and insulation with fifteen strands broken
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Tab.6 Temperature computed results of the stator

(Bfr: C)
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Tab.8 Temperature computed results of the stator

with ten strands broken
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Tab.9 Temperature computed results of the stator

with fifteen strands broken
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