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ABSTRACT: In order to find out the effects of stator winding
configurations on steady-state currents characteristics of field
windings under inter-turn short circuits in synchronous
generator, stator windings connections of a 12 kW synchronous
generator with six poles were changed for several different
configurations to calculate the same fault based on the
multi-loop method which had been verified by experiments,
then through FFT analysis the steady-state currents
characteristics were achieved and on which a comparative
analysis was done . Both the calculation and analysis results
indicate that, in the fault of inter-turn short circuits of field
windings, the steady-state harmonic characteristics of stator
and rotor currents are different from other faults such as stator
internal short-circuits and external short-circuits in the terminal
of synchronous machine, besides, different stator winding
configurations lead to different characteristics. The inter-turn
short circuits fault monitoring and protection of the field
windings should be on the basis of scientific fault calculation,
which means machines of different types should all be
analyzed and calculated specifically, and then characteristics
quantity should be chosen in terms of actual situations of the

machine.
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Fig. 1 Field winding’s taps of A1553 model machine
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Fig. 2 Distribution and connection of stator windings in
A1553 model machine
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Fig.3 Distribution and connection of stator windings in

configuration A generator
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Fig. 4 Distribution and connection of stator windings in

configuration B generator
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Fig. 5 Distribution and connection of stator windings in

configuration C generator
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Fig. 6 Steady-state waveform under inter-turn short

circuit of tap 4th to 5th in field winding
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Tab. 1 Different harmonics effective value of steady-state
current under inter-turn short circuit of tap 4th to Sth in

field winding of A1553 model machine

s ST by SR o SCEEHRUR AR
ARUE/A ARAEA HRHAA  HREA
1/3 YD 0.623 0.523 0.519 0
2/3 ik 2.705 2.361 2454 0
Bk 1.329 1.329 1.329 0.154
4/3 YA 2772 2.805 3.033 0
5/3 Yk 1.018 0.984 1.159 0
2 R 0 0 0 0.018
7/3 PEIE 0.136 0.224 0.227 0
8/3 I 0.711 0.657 0.737 0
3 ik 0 0 0 0.034
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Fig. 7 Mutual induction relationship among stator and

rotor currents of different frequencies under inter-turn

short circuit in field winding of A1553 model machine
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Tab.2 Different harmonics effective value of steady-state

current under inter-turn short circuit of tap 4th to Sth in

field winding of configuration A generator

ay CHGHI by BRI o SCHRERIE PhRERRUR
HRMEA)  AREA)  AREA)  AREA)
1/3 I 0.569 0.569 0.569 0
2/3 I 2.514 2.514 2.514 0
Sk 1.329 1.329 1.329 0
473 U 2.846 2.846 2.846 0
5/3 IR 0.860 0.860 0.860 0
2 RIEB 0 0 0 0
7/3 Yk 0.115 0.115 0.115 0
8/3 iKUK 0.423 0.423 0.423 0
3 I 0 0 0 0.122
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Tab.3 Different harmonics effective value of steady state

current under inter-turn short circuit of tap 4th to Sth in

field winding of configuration B generator

N a ST a I ay IR hRERIR

HRA/A A7 3UE/A ARA/A  ATRAE/A
1/3 P 0.677 0.895 0.615 0.194
2/3 W 5.077 3.410 2.133 0.236
Fi 1.205 1.307 1.449 0.013
4/3 P 5.226 2.998 3.890 0.041
5/3 YA 0.927 1.687 1.797 0.019
2 ik 0.172 0.563 0.717 0.044
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8/3 YU 0.320 0.725 0.427 0.207
3 i 0.026 0.011 0.014 0.038
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Tab.4 Different harmonics effective value of steady state
current under inter-turn short circuit of tap 4th to Sth in

field winding of configuration C generator

o a IR by BRI o SCERHIUR AR
Wi K N N N N
HRE/A HRE/A HYH/A  HRE/A
FEk 2.876 2.876 2.876 0
2 IKIE 0.591 0.591 0.591 0
4 0.394 0.394 0.394 0
6 VI 0 0 0 0.007
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Fig. 8 Different effects of various kinds of excitation
magnetic field (produced by fault current of the field
winding) on two branches of phase A of the stator in

configuration C generator
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