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Detection and analysis of interlayer gap discharge in hydrogenerator
stator winding based on partial discharge
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Abstract: In order to improve the reliability of interlayer gap discharge faults diagnosis in winding, taking a hydrogenerator
stator winding as the experimental object, the influencing factors of diagnosing interlayer gap discharge through partial
discharge were studied. Firstly, the characteristics of interlayer gap discharge in winding under the superposition of multiple
discharge sources were obtained through offline test, online test, and simulation test. Then, by simulating the electrical
conduction attenuation of bar and combined with the generator winding structure and detection distance, the effect of
detection distance on the detection results was analyzed. The results show that the winding interlayer gap discharge has
independent characteristics, the pulse distribution is suspended in PRPD pattern and has symmetrical positive and negative
polarities. The pulse peak values are located around 45° and 225°. In one phase, the positive and negative polarity pulse
peak values simultaneously deviate to the right of 45° and 225°, while in the other phase, the positive and negative polarity
pulse peak values simultaneously deviate to the left of 45° and 225° . When the winding structure is different, the
distribution of discharge gaps and the length of lead ring are also different, resulting in significant differences in detection
distance, which has great effect on the amplitude detection results of partial discharge signals. If only electrical conduction is
considered, for every one meter increase in detection distance, the average attenuation of partial discharge amplitude is
approximately 10%. When only one closer phase can detect gap discharge, the interphase analysis method fails. Even there
are multiple discharge sources and gap discharge simultaneously in winding, the interlayer gap discharge can be identified

through the suspended characteristics of gap discharge PRPD pattern. The detection range has an impact on the identification
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of partial discharge patterns. When the global spectra with large range is complete, while the local patterns overlap with each

other, the specific faults cannot be identified. When the global spectra with small range is incomplete, while the local

patterns are clear, the specific faults can be identified.

Key words: hydrogenerator; interlayer gap discharge; PRPD; propagation attenuation; winding structure; suspension
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Fig.2 Surface corrosion diagram of the

interlayer gap discharge

DG 2 Sy FS 2 THTAH TR TR o R A7 DL 0 T P A
M TR T 58 2H 248 2 S5 44 v (¥ 8] J=) 3 T80 e
R, A7 7Y PRPD B A AR (B AH AL RFAE o ik 7
AT AR BF = B DUk 73 AT AE 0° ~90° , I ik
I AT AE 180° ~270° , A VAR S, A T) 73 M A B — A4
JE H TR R I 22 R 5 53— AR JR B TBCRAB R A 2

2 IKE K HBHLE FSLE = 8] 18] BR B R 42

e

T B AL RS, SREE TG4 L
e 2 W B B RS T (R A R A 26 4 )2 1) [R] B8R
(149 &5 S TR FELARRAIE , 20 BT AR AIE 22 57 B[R 2R . N
PRAS I 2 80— 50, e 402 7 S UG IS5 1 Bl
P 2207, J 0 T RS W 52 4% 1) B S R R S B S T
LR IR %R FF— 3. I K H IRIS TGA-B & 5
S TR I A DL K2 B 2 80 pF R A HL 2%, A51HE N 40
~350 MHz, X F 52 ] 43 25 £ R 43 85k AL AR 56
W& I RS S .
2.1 1EHA[EIHE AR 2k 4% = 8] 18] B A EB AT iU 36

M 18 kV /K #8 & AL A 1 AR IZ 4T 10 4F, 47
TE 1752 JE5 il () 42 K SR 1 AR T Wb 4 FH 28 S2, ¢
24 [ e AR RIS Y, R FR L IR R S A e
100 J2 1) (R B 5 752 5 o g e 7. T I 3 v i £ X 3k, J2
V) A1) Bt e o 1 P 3 PP 4 (0 [X 3. 20 9 A T AR ke
I ALC A 50 Hz TARHL T , 3% 25 Tt i3 264 S1
M)A AL 22 10 KV, Fh i Ze b S2 (1) CAH L R 22 8
KV, 8] B 35 457 AH 18] B R 22 U, N 15.62 KV, il i 48 4k
JSAZ SRR T B 350 67 & A= T B s rL Clun P 4 i s )
P 4 JE 7R T TR 0 0 R A A s A A% PR TR AE
Bl HR BB T T JROHE PN 21 AR 2R 0 B A R 1R R A o
FAG s B AR B4R 2R 0CH 5E 55 1 0% T 208 980 4.
TELEFE S1.S2 Uity 34 43 il il 1ok 5 41 80 pF # & HL %% S1-
C1.S1-C2 F1 S2-C1.S2-C2 H il = 30 Jil L ik 345 5
IR W 3 FoR

Je 08 T P an ] S BT, Hed I (@) (b)) ()
N A& R HE ) S2-C1 AL R 28 7E 8 kV HL K R AR I )
AT B FE AS[E A AL G PRPD #5220 L I 5(d) < (e)

2 e S TN\ V1 42 J5 e e S2-Cl1 S2-C2
80pF 80pF  JHEAUC

LR HES2 J2 [ [0 i i e
i
si-C1 SI-C2 =
80pF gopp JTTEEUA

B3 R

Fig.3 Simulation test wiring diagram
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Fig.6 Schematic of stator winding offline test
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Tab.1 Statistics of voltage and interphase gap
discharge points

i S AR SO E EEAV AR
1 210 UIWI 2/120—3/120 17.6 P
2390  U2/W2 2/120—3/120 17.6 &
3570 U3/W3 2/120—3/120 17.6 K&
4 30 U4/W4 2/120—3/120 17.6 K&
5324 V1/U2 2/120—85/120 12.0 &
6 504 V2/U3 2/120—85/120 12.0 &
7 684 V3/U4 2/120—85/120 12.0 &
8 144 V4/U1 2/120—85/120 12.0 &
9 228  WI/U2 1/120—20/120 16.5 &
10 408  W2/U3 1/120—20/120 16.5 P
11 588  W3/U4 1/120—20/120 16.5 K&
12 48 W4/U1 1/120—20/120 16.5 K
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Tab.2 Statistical results of electrical distance between discharge point and partial discharge detection sensor
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w4 2! U2 w2 u3 w3 U4 W4 Ul
9.8 16.6 852 30.8 80.1 17.8  65.9 3.6 71.0
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Test wiring diagram
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Fig. 12 Detection results of different distance sensors for the

same fault
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Tab.3 Statistic results of discharge amplitude and pulse

number in simulation experiment
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+Q /mV 91 32 65%
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Tab.4 Statistic results of discharge amplitude of winding test

mV
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