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ABSTRACT: In order to realize the on-line detection and
protection of the field winding inter-turn short circuit faults in
synchronous generator, in this paper, the field winding
inter-turn short circuit faults of a 12kW non-salient-pole
synchronous generator with three pairs on load were calculated
by the multi-loop method, the result of which was analyzed
comparatively with the corresponding experiment. The
influences of distributed field winding fault position and short
circuit turns to the fault characteristic quantities were
respectively discussed. On the basis, a new method of fault
slots judgment and short circuit turns estimation based on stator
branch harmonic current was proposed. This paper firstly made
a deep and systematical analysis to the fault law of distributed
field winding inter-turn short circuit, laying a foundation for
the inter-turn short circuit fault on-line detection and protection

of the field windings in non-salient-pole generator.

KEY WORDS: non-salient-pole synchronous generator;
inter-turn short circuits of field windings; fault location; turns
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Fig.1 Field winding’s taps of A1553 model machine
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Fig.2 Experimental wiring diagram of inter-turn
short circuit of tap 4th to Sth in field winding of
A1553 model machine
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Fig. 3 Transient 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 5th in field winding
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Fig. 4 Excitation current waveform under inter-turn

short circuit of tap 4th to Sth in field winding with

the assumption of no damper windings
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Tab.2 Effective value of stator a; branch current under

short circuit with the same turns in

different concentric coils A
IHIKE 1 22/ 33
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Fig. 5 Loops of field winding with inter-turn short circuit

R e 8 e il B b B A L Tk [ i
tg st A e B [ % = AL G Sh A B n . AEANH
JE L i e T PR S N i s A R 1D Jal i e 4L
HIEEJE SELL R B DI FIAT IS, I il i g ™ A=
(ARG S AL T S B AT AR [F), ANAE S T SO
F o BB R, LT 2 BTl [ 7 A
WEBNFART 5 13 SCHL LRI R o

sl 6 o, b ] O NG ™ A i 5
HEAT A HLIH- )%
12
5’5" ..

HI R RGN R e 1A b o B AK, BT
L) HA LI, Hrp

F(x)zZFV cosvx, V= 2)



5521 3 RS TE A BN R A LBl R 2 2L . ) R g i A7 A R B o £ 1 89

dA Fx)

—pn/2 I_Mfwlf
pI BB EBE Ik i

6 YRS R LRk B P B R B B
Fig. 6 MMF generated by field winding concentric coil

!

1 ¢3n 2
F =—| F(x)cosvxdx=—1Iwk 3
Y 3n14“ ) e )

e I WhRR IR BV W ow A R 0 A
kyy=sin( v/ 2) Ky b il 1) 0 QL LR v T I8
15 AR T, Horh gzl ik Le .

MEGYAT I, =24 il L O R T — S 1
AL it s ) 0 Qe B I 7 A2 1D v K 25 T 5 il 30
PG AZ L PR v UM 5 AR B AR AL Ay, IR LE
I HA 2 (BB R S FAATR e 1k, S BtEE 1
AL B gt o DAL, 58 132 v IS FLIAL I
A BB A i A e i 10 Dl 1] o 5 e ) i
FH by RIELL, 1

I, =M, ky, “

A 1, 0 7308 v BRI AT E s M,
EAUES @

AR 3 3) V545 [] 0 3 B 2 ) 8 70 R
2 (WA PGB BIEAE IR 3 Proas, X 20 3 ]
I, RS 2 00 SCHLIRERE IR TR) 1 R /N B i
I3 i ikl e Bl 78 R Tl 59y 35 ) 0 2 1) 45 9 i 30 0
BB, Bk T IR HT I ER .
3 TEEARRERIEOCR LB =E R = B K e B R (A
Tab.3 Amplitude of spatial harmonic MMF produced by

different concentric coils
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short circuit turns of field winding
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Tab. 4 Effective value of stator a; branch current under

short circuit faults with different turn numbers in

different slots
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