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Research on Acoustic Impedance Matching of Partial
Discharge Detection for Transformer
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(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
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Abstract ; Partial discharge detection is one of the most important methods for transformer insulation diagnosis, and the sensor-
externally-installed method is the most used ultrasonic detection method at present. In view of the low sensitivity of current
external ultrasonic detection method, the feasibility of improving transmission intensity of ultrasonic signal of transformer
partial discharge by acoustic impedance matching is studied. By theoretical analysis, it is found that the transmission coefficient
of ultrasonic signal can be increased by adding matching layer between transformer oil and shell when the acoustic impedance
of matching layer is between those of the transformer oil and shell. The variation rule of transmission coefficients with frequency
and the relationship between center frequency and thickness of matching layer are obtained. The simulation test results show
that when the acoustic impedance matching layer is added between transformer oil and shell, the amplitude of the measured
ultrasonic signal is about double that of the ultrasonic signal measured in opposite side without the acoustic impedance matching
layer, and the transmission coefficients of ultrasonic signal is significantly enhanced, which verifies the feasibility of improving
the intensity of the measured ultrasonic signal by the acoustic impedance matching.

Key words : transformer; partial discharge; ultrasound; acoustic impedance matching; transmission coefficient

0 51 &

A TR B8R ) R R R X B | L T 5
AT T RGBT XL 725 R 42 ]
O R LB ) PR 2 I A R S HEA T
KOS e I T 225 24 282 B B, 2 Wk /0 i 1) 3 8

(5 SN 519 Gk Rl o S = N ik ST TR
FEHART Bz T F G A Ty 1 R i
TR A

R Ay N RN B A2
Horpr ) N B UL IRAS E RS RE S o (HRZ BB fz
AR s A JCIE AL I A TN B2 TN LA 95 %
BB BR i 5 S0 3R PR k2 H A 5 2 il A



A, 5 A s i P R R P A SR G T
Feawdhre i 77 LI P (55, 2Tk a2
PRI, BAR IR AL B nT LA Hi A BB
R, 2 H I R R Oy i SR
PR S I A 1% =2 R ARSI, e T R AR
(7 BT AR 22K, 75 45 5 2 1 il A A A e A
FEELI ST, A R A e AR i) DL i AR
i th oA, Wom A1 g 3R P AL TR AR I AR A9 45 5 i
BE AR (5 R LR AR /N T SR O R
S (R PSR S  R SBT SRMRR R
BT 0 B A R T I

DN T PR R AR e JRy A LA P A A SRR
BRI IR)E, AT X 75 P A S HEA TR AL B $ s 1
W L, AT B oy S 7 A 5 AR RCR . HATE
AR TR, 9 B/ N AR S B {E A BB
UK (IRVAYS VIR RE UM LS IER S Rv S 2L T RPAN: e
37— A R SRR S R R ARk T
PAAT S8BT siss i 75 A 5 ARG Y RE ), (BT VA 1Y
AR5 A R REA I B M5 5, PRI, 248
PRI SRR R T R A A 7 AN B = T
FETHEZ AR BE S1 . 10, sl /M= 15 g o 7
HR R EE LY A BT 4R R SIS A5 A
PO R B H FTAEIZ 7 T A

TR P BT T C S A AR R v e A
A v e A R ] 5 VE E R | Jel N 7 A
SAESRRIAL A RS AR R R A S (02 B AR R, AT
8 R SN A5 2 (0 P 5 088 1, 412 Tl 7 A U g
T L Y R BUE

1 FBHTPCBCAY HEA J

XPTW)ZA T 1 5408 3, HE BP0 R 2,
W2y B 2, <z, DU 7 20155 5 LS 90780 i
REN T, Ny

4 Xz Xz,
) (1)

Mz Fzy B, T <1, FRIYH)Z A 50+ BT A
[, 8PS AT 5 AN RE o8 43 3T, PR A s B Y
25 SRR AR5 15 S R BN AT

FAEATT L M 3 hRIMA— 2R R 4,
FEBHBT R 2, BA T 2, AT DA 2 (2) Bos i
PSS R B G R B T,

4 Xz, Xz
e 2md 2 xz)? ., 2md
™ o
(z, + z;) cos’ o + (zz T 3} sin’ of
) Z, &5}
(2)

A e, A PR FAEN T 2, TR /N
VR S EREy R S

HI AT UL 2 =2 B & 5 REUR IR d
HIPREL, Y z,<z, <z, B, BIIIA B A B2 A BT A F
R WA A B BT Z B, 2 (2) 7E d=¢,/ (4f) =
A/4 ISR, Rl FT LAHE 3 Y, 2 2, <z, <z,
AT <T,<T,,, . XX, HIAAN B REST
I T IR AR A 5 14 75 BT =2 ] I 75 A5 5 Y
5T R T 30k A 2 P BHAT DT E A A R B
FERIH 2, = /o L T = 1 B RS
RV 75 A= B 3 S R AR OR

2 AR R A I e BT L BC o

Sy HR R IOR 7 A R PR A AR 1) AME R ) it
FEr AR fE B 25 7 BT (Il AR S ) Hh i i
17 7= A FRFE , RIS, 76 JHURIS R 28 7050 S b 25 A
S SHHASE A3 7 BE O E L A, R, S PR
4% 2875 TR 245 FIMIU R 75 A R A AR 75 {5 B i A
N, DT B3O8 O 75 ok X G D 2R A

P B E 7545 5 el i 2 T R A
SRR SR F B R R, AR R A AN Y
BB B0 1.3 F1 46, (1) Al A B A
WEAE 5 70 AR FR A il R0 52 28 B4k 1935 5 R B R
0.11, Hsbn] W, JCHR 43 1) 68 75 U BE B I T R B AL A
A A, PR IR P A B AR 15 5 g
%, TP BHBTUC e J5 B | 25 78 A8 i 28 9k A b5
B I A BHATL A 28 R T R 1 75 BE e =2 ]
FRAA R , DU RT i v 6 7 30 15 5 0 3 S 3R 28, I 1
SN R A AT PSR

53 ) 8 R SRR i N B B 2T 4 AR S 7R BT DT
BCZ AP RHEAT 23 0T, R 22 S0 3R 1 R
2 (2) AT E AN 1 FrR 35 G R B E R AR 4
(AR

*1 AEFERACRESE$SH

P/ AT

P 5 Bkt (m-s1)  (Pa-s-m?) JEHE/cm
1 AR 2400 2.70 1.0
2 HEMIE 2400 2.70 0.5
3 DY A4k 3150 6.04 1.0




iz S

0.0

1 1 1 1
0 50 100 150 200 250
i /kHz

B AEEERLEEESRYEAETLER

F I 1 RTN, 280t P BHATCVC G, 8 7 B A o 7R A8
FEASIM AN SN 2 6] 1 375 5 22 8503850 LU R DE BE B A B
Ko [FEF, S BHTVL A2 R B 2 I, VLG5 rY i
P REOR BT S IR S AR A F 3T R EEE—
JETHH P 2 gtk

A R R 1 R 2 o], X ] —Fh 7= BBt
VEECATRE, 2T HL 2 R R [R] B, 375 55 2 BOm S 1)
DARFEA R Y, AR FVC R R B OC RN

d=c,/(4f) = \/4 (3)

DRI, DG JC 2 P52 /N | 375 S 2R SO0 3 118) v o A
RS, HAA BTE . FESC PR B 7 AR
WAG 5 R PO IR B R4 38 1 D C 2 R B, TR
VEFCRICR 8% 2 e fE

A IR R 1 Fph 4k 3 a0, XA R VE L2 A4
Bk, VT BE 2 0y 7 BB R O B AR VT FC R T 2, =
Jz %z, =/1.3%46 =7.7 B, i 5 R B IEAE WIS,

SVRTT T, 76 2200 75 BEPT UG i 2 X 75 M5 5
WSARFERYIE LT, HEL DL IC)Z B 75 BBt/ T 48 e
AN RS BT 2 (8], Y RE Y SO 7 A5 5 1
75 5 ZR AR, a2 S 2R B iy e U) B ke DG I )23 1)
BHT, PRIk, 5 5 75 BHL BT 6 30 9 DT O A R, AT AR 328
KRB LGRS P55 B 0 R AL, VLlL)Z &
JEE R R i e 1 T AT 3R R 2 Hh i e
PR ZEH IR E AT T, T S Rl
&, DT T JZ 0] 24 e g -, b BRI 0 P 7 T AH %)
BONIRRL, BEAN  FESEBR R S AR S AE DL
Jic J2 HrON AT A 2 AR ORI FRE , DRI L, B PRl
e RFER TR/ N AL R

3 ARTR AR R A AT Bl i

3.1 TERFREEACRRERSR
9T B T 7 BT O TH S 000 75 1

SREER AT B TR RS, WK 2 Fos, 7E5§
Eb 461 45 /05 1 3 90 AR 40 48 R 8% 9 B (RSF 60 emx
40 cmx40 em , APEIERE 2 em) TR B Th 2R ik
FELARE AR X AU A 88 it A 7 H R S, P&
iy T LR P AR o FEAT B BHAT VG C 2 i, B
SR VCHE 2 AU AR e 25 4 I8 A1 7 B 4z fik | LR
AEBA A BR B BR , R L, 26 FHER AR D v 1 =X
FESNFE I IHAR — 00 A i 2R S0 g DEJiC 2, DE 2 )5
JER 1 em, FFAEIS R PAC R15a BY#E S 1%
JERAS X FR AT BT S F AR ) Fr) e AR b R
1], — 5 5 A5 4 A2 AR TR 2 il M Ah 5 2 (/) A
BHALVCHELZ , 5 — M %A

TR
[
R A FE B
o /
EAEENT
C
AR

B2 TEREEALERIRGRS

3.2 HRAW

WKl 3 s, W Be 45 Rl J0, 1 1 LIt
e 22— 75 0 75 AR 5 A 2 R AR T P BT
VCRCZ—M) 2 %, F B it 75 HPTICC , J A (5
SEN RS TR ER R, BT RS
JE PR T I EM IR ARy A BHBTILIL R i T
FFAE S AF 7 BHBTVC B AR, PR I X5 88 75 38 A5 5 A 4
SR A PR, (0 45 AT R Wl LASR B 38 7 BT
D e e e 0 380 P 8 75 A 5 iR B LA AT A Tk, 7
SR rh AR AR A D 5 SR 32 R B S 5 1 A BT
DCHECA R}, 52 IR Ay $HAE 9 A8 25 JR 30 ik L 7 BT
VERLRICR

R 4 B8 0 B A 26k, A FH RS BHAE DG i 4
TR A SRS A I 2] P9 725 s e S 3 T30 FL A 55 B
SE AT 3 A8 e i Jea S T PR AR P DB A T SR
ATt T —FRT I ik, SEBR N B % T AR
JFERSARR—NERRS, NI RRA R R 2, B
AL TR HRsh iR TO0F , 7848 R g A bt
Z TS BT VC BC 2 B T AR nT A7 P 78 38 g 1 —



{H (400 mV/div)

L]

) /ms
B3 PR S iR R R AR 453 Y i P SR o R ISR T

AT, PPV EC AR A PR 2L IR 2
PUER, QbR TR0 1 %728 Hs e A L 37 00 Al 2 A
SEMRAE  [R] I, 7 2 e AV BCRHHTE YRS B0, R
VRIS R, AT LU A D IE 22 B, 3545 7%
RS AR s 6] /oo 2 s 5 P L 20 A B 52

4 4 ik

ORISR RS s 4 JR IS A P A 7 A A D SR A
BARA DL, BFTEI AP BT VT B J2 5 P A A
P AR IR OO, 159 2] 1B 5 R AR R A AR O
F AL DR MIDC LR R E A 5E 2R, ARG RTIA L
B FHER SR AR e BT T B2 AR 38 e A5 4L
TERRIE 1R P BT VE JE B T P 55 B 5T &
B AR e S 7 A T R B A AT

S5 3k

(1] T, Tk, B0, 45 5 TR S 2k i i 44 2
JRFTBC R A ik [T ] v L R R, 2022,48 (12) ¢
4770-4779.

[2] B0, AhAA 27 B 590 DG 2 308 0% 9 FH T 25 e 8 = 350 i
A AR A SE B A [ )] E H 77,2008 ,41(10) ¢
16-19.

[3] Z4aZE, S7T.5%— el TEERRLAZRERNR
IR R RSB )] . AR EAY,2020,57(12) .
79-82.

(4] FRE BT, T, &0 AR R FCR A 5 5

PEWFRRERR [ 1] A b kL, 2022,55(7) :1-9.

[5] U8, ML, Bk, 5 B 54 51 T A R 48
JRyER B HL E Ly TS [T ] b AL TR A R
2022,42(14) :5338-5348

[6] ZKE SIS0, IR, 5. 2 T4 00 H AN AR R
SRR A 9 [T ] v E R R, 2021,47(6) .
2041-2050.

(7] Skbam, RS, TR, 3 T 45 i A A4 J2% 45 Al TDOA %
T 2 1) E D 7 R R R R G SE [ T ] A8 A, 2021,
58(5) :67-72

[8] Rk A8 H #5 J5) Al 75 6 00 1 5 A7 45 AR Bk K &
JE[J] PR TR 274l ( HARBE ) ,2014,28(7)
71-79.

[9] HEHA, MR —, ZFHE, S A LR B RS
FS BRI A O S R ER [ J ] AR R4 ,2012,49(8) -
45-49.

[10] HRmR. AR R 28R B e S B i (1],
RS, 2005,41(5) ; 351-353

[11] PN, R B0 S 45 ST BR AR 1R 22 1928 FR 48 )5
BT R IR [ ] B T ,2022,50(3)
100-107.

[12] B ABEE a5l , % 024 EM ABC k3
i AE F 2% Jm BB 75 g 6 vk [ 1] R FR,
2021,47(8) :2820-2827.

[13] A, okt i 17, 558 L T REF I AE 2 (9 28 TR 48 )5
OB A RES e ST [ )] B 5403 ,2015,52(10) .
109-113.

[14] &M & X, £, 4 AR 4 R 0 75 /846 FEM )
EAYHT[ )] B SIS RER ,2017,33(10) : 14-22.

[15] FRJTHE, A8 AR, A58 T/ N AE I A28 R 4 R
AR ELA I PR B T]. B 543, 2013,50(9) .
46-50.

[16] JE&, % H M, B2, % BT NS-APSO 5%k i 4%
FE 2% JR) 0 i A M PR L R [T R S Ak
2022,59(8) :155-160.

[17] &7, TR, 2T, 5 Rl i e 5 S A8 e
ORI AERE [T ]. s EBOR 2003,29(9) < 14-15.

[18] =y A MR, I, 4. VG L 38 5 50k 78 J5 U
FEFE T RPN [ 1] B B ER AR 2015,
41(10) :3302-3312.

[19] B, Bk — BT R, 45 SR FH O 700 (5 T s 4 37 1%
RS R R B AL [ T]. R AR, 2013,39(5) .
1054-1060.

[20] ZEdedy, T 6B, iX 20 728 R 3 R O o sf 22 SR BT
EAFFE[ ] IS5 ,2013,50( 12) :69-72.

[21] kG HRBERRVCELE 5 T4 bR x 4 68 52 il A F
[ D] K& KEHEHTKE,2021.

EE BT
HEW(1972) Mt A IR NESE EH R

W, ) RGBT AR TR, (%5 H HA:2022-10-25)



