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ABSTRACT: This paper investigates the stator winding short

circuit characteristics in synchronous generators under rated
operating conditions by combing the single-winding analytical
method and the finite element method (FEM), which is still the
effective method to determine currents and torques under
specific fault conditions. Some special measures have to be
considered in case of the electromagnetic transient process

under the condition of inner faults, e.g., the correct 0
interconnection between sub-strands and the grid is of the
particular importance for inner fault simulations. The previous
results show that the traditional calculation method based on
the equivalent networks fails in case of the inner asymmetry
magnetic field. Based on the systematic investigation of a turbo
generator with inter-turn short circuits, the results of this paper
show the short circuit currents, phase currents, torques and the
radial forces have strong correlations with the location and the
turn number of faults. In some cases of inter-turn short circuits,
the fault currents exceed that of the outer faults. Furthermore,
strong radial forces acting on the magnet wheel might lead to [1-2]
the damages of the total shaft train.
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Fig. 3 Subdivided cross section of the generator with FEM
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Tab.3 Comparison of radial force

Fx /KN Fy kN F Is F /KN
WFI 805 655.0 6.002 860 9215
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WFIII 1074 -1126.4 5.999 482 1253.3
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Tab.4 Comparison of torque
Mey Is Me1 J(N-m) (©
WFI 6.191645 -2211983 10
WFII 5.999 482 -2871220 Fig. 10 Single-turn short circuit of the stator in a different
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With the increasing capacity of synchronous
generators in power systems, stator winding inter-turn
short circuit analysis plays a significant role in the
reliable operation of the generator. In order to investigate
the stator winding short-circuit characteristic, a novel
method combing the single-winding analytical and Finite
Element Method (FEM) is proposed. First of all, the
simulation model of the typical synchronous generator is
built with FLUX-2D software considering saturation and
un-symmetrical air gap field. The connection style and
short-circuit locations of the stator winding are shown in

Fig.1.
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Fig.1 Diagram of stator winding connection and simulative
short-circuit position

Aiming at describing the inner asymmetry problem
and improving the computation accuracy, the air gap in
the simulation model is classified into three categories:
rotor air gap, stator air gap and simulation air gap. The
subdivided cross section of the simulated generator
based on the FEM is presented in Fig.2.

According to the locations of three different short
circuits (Fig.1), the variations of parameters including
short circuit currents, magnetic field distribution, phase
current, radial force and torque are comprehensively
analyzed. The transient processes of three different short
circuits are further compared based on the simulated
results. Furthermore, the relationships between the
transient parameters (short circuit currents, phase
current, radial force and torque) and different short
circuit locations as well as winding turns are researched.

The simulation results from Tab. 1 show that with

S15

Fig. 2 Subdivided cross section of the generator with FEM

Tab.1 Comparison of parameters for single-turn short circuit of
the stator in a different location short-circuit

srll_(;)riili(r):usit Ix/pu Ir/pu Is/pu I+/pu F/Mn  Me/pu
1 14.13 1.36 1.42 1.48 1.63 1.19
2 14.38 1.42 1.42 1.40 1.47 1.18
3 14.36 1.43 1.42 1.40 0.92 1.20
4 14.40 1.44 1.42 1.40 0.49 1.21
5 14.25 1.45 1.42 1.40 0.98 1.19
6 13.83 1.44 1.42 1.40 1.37 1.20
7 13.36 1.41 1.43 1.40 1.50 1.20

the same number of short circuit turns, short circuit
current, phase current, electromagnetic torque the
influence of short-circuit location is very small. While
the radial force is closely related to the short-circuit
location, the closer the center of the series winding, the
smaller the radial force.

Tab. 2 Comparison of parameters for different number of turns
of the short circuit from the stator end

sh-rl;lrjtr—r::sir(():zit Ix/pu Ir/pu Is/pu I+/pu F/Mn  Ma/pu
1 1413 136 142 148 163 119
2 1674 162 142 223 385 164
3 1872 204 142 340 60l 214
4 2135 271 232 506 765 272
5 2459 383 351 732 816 344
6 2847 539 484 1022 588 432
Tab. 2 shows that under the rated operating

condition and the same position at the end of
short-circuit, when the number of short circuit turns
increases, short-circuit current, phase current and torque
will also increase.



