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Development of monitoring system based UHF PD sensor

MA Chao', LIN Lin', HUANG Jian-fang
(1. Skills Training Center, State Grid Jibei Electric Power Company Limited, Baoding 071000, China;
2. Zhejiang Machinery Industry Federation, Hangzhou 310009, China)

Abstract: In order to improve the local high-frequency on-line monitoring effect of the partial discharge signal of the power transformer, the
special high frequency acquisition antenna, the amplification circuit, the detection circuit and the acquisition system software were designed
and manufactured. The HFSS software was used to optimize the antenna of the UHF sensor, which can realize the effective collection of the
UHF band of the partial discharge of the transformer. In order to improve the sensitivity and anti-jamming capability of signal detection, Alii-
umDesigner software was used to design the separation and amplification circuit of UHF sensor and make circuit module. In order to form a
complete UHF on-line monitoring sensor, the antenna was combined with the signal processing module. Acquisition program was compiled by
the labview software, which can achieve signal acquisition, threshold settings and alarm, historical data viewing and export functions. The
method of combining the UHF signal acquisition device and the acquisition program were studied, which based on labview compilation detec-
tion to form a complete UHF PD system. The results indicate that the monitoring system can complete the function of antenna acquisition,
signal amplification, detection and input acquisition system.

Key words: partial discharge; UHF'; sensors; on-line monitoring system

0 8 = W e AT A R AR A S 4 2 A RO
= 70 S e S RS T L, %) A0 ARG I 5 9 = A 5 Jpk o EL U
M A TR SSRGSk DB Ik A | L v 7 D R R A 2 1 i

FIIE R R B B e E JHZ I PIREL R I
75 8 P S 446 2 4 A LR D0 B W 2 TR B8 IR A YR i AR 2% 368 ok SR A 45 v 0 L T U0 S BT

SR 1A TR RS A BN AS SRR A, SEBRig AT RSB R AR S 1 R R AT O A RO R D . R

Wi E #2017 -03 -22
TEEBN. D (1988 - ), 5 bt A Bt YR, 3252 A= B i A AE R W I 5 T AT . E-mail ;771814093 @ qq. com



<192 - L K

T 1 $35 %

T A5 S YL Ll 300 MHz ~3 GHz, kb TAR &
AT L, DRl e ) 3% 4 SE BRas A7 P i TR
X R R AT L £ W FRE I AR T T 4R
TR IR W KK = TR MR L, WD o
ATt 3 T4, ISPk [ AR A ST
TR M i | AR DR A L TR G BRI 5 12 1
BT LA

AHIE SR F R AR S 0 5 0 Rk R
HH— 2 3 T A AR 0 R S R T 2 W

1 AR R S5

BT R b W Re B AL B A 45 1 43 R PR 4
RE RIS 5 R R 2 A S AL B

AT I L 2 A TR B R R U S R R
LIRS 3 3 5 T B 0 25 A R 0 b Rk
U I HET ANSYS HFSS B3+ R4 Ak AR B f) 45 v
AL AR 0 R 2R U T 1o A0 A SR 28 18 4 B K
FORG I H, 4%, 97 B AltiumDesigner # {4, X {55 5 4k B
R e 18 T8 RIS, I8¢ P, 8% A 43, AT O B
Ak, I HI7E PCB i, e 245 B HAE 5 70 B iR
VRS B S 0, e A e W R 48 5 10 L 86 LY
G, 8 A B T8 B — 25 50 B 1 4 o 00 12 Sk 2%
W,

2 RERLHEM

R X O E AP TR % Y e My i1y
Hilbert 43 K2k DUKY Hilbert 43JF K2k 3 Fh i w5 451 K
2 TARSEBRAF 23R, I3l i ] HFSS 5 B
1, TP R A HT A T2, ARIE R &
WAL R 25 R 2 I bR RS 1 3 ORI 34 31 58 i 45 28 A

HEL
MRHRRFIE 45 5 3 MR N2 1 s,
Fz1 3IMREESH
S
ZE = Hilbert  PURf Hilbert o] e oK
KL IRk BRTE K2k
RF/Mm 30 x 30 68 x 69 318
1935/dB ~28.802 ~21.520 6.5327
0.42 ~0.77
0.3 ~0.55
W /on, 107188 o000 0-3~3
ULs VA . ~ 1.
wz 1.59 ~1.91 %/ UHF JfiEs
2.40 ~3
2.16 ~1.56
J7 Ik K 4f R 4r K 4f

A5 T ) M R TR SRR LR 3
PR RZMREA, 3 P RE M I m 25 AR, B &
P R B R S A T = Hilbert 43 T8 K28 A
By Hilbert 43 18 K 2k, BT 56 oK 78 08 g K 48 11 384 35 4%
B T SE PU B Hilbert 4318 K 45 (4 14 25 Fl
AR A 4 E AR T AR R B B9 = B Hilbert 43 &
KLk,

BT SR AEARTE R LR T RGTHRK, & TR TR #
FEARNIRIMERE R, AN I8 & B T A8 IR AR AE IR N kA T
55 R4, 1 =B Hilbert 43E KL F DU B Hilbert 437E
R RTH/IN AT LA SE 2o A8 FE #5405 i 1 K 28 T8
FEASAR R AN 06 2028 A5 R A AR (R 254, TRt 3
TR X AR s S A P Jr 0B L e v {5 5 T TR
EMRERE

25 L BT EORFEIRE K R R, A6 2
RS 2 N B R T R %K, Hilbert 43
TR RS/ e Ty (8 19 2 B F W ) B i A 1A
PR, SRy AR A b D i, ELAE BB =B Hil-
bert ZME K2k, UK Hilbert 431 K 28 77 1) P B 4f-, K
LR 25 ZR B =B Hilbert 43ME K88, REE(E 5 R
B, AL AT 3%k B PY By Hilbert 43 78 K 28 #E 47 48 1k
g

3 FRRPRERA

i3 BT R R [R) 3 2k B T K4 2 BORR
LR RS, TE AR AL polE A R 4R BB AR TR
AR B, TR 2 1 H B S 2R T R R A
JEREJE 3 AR K DL AR R R A, 15 3 oK 4
AR T B 11 A s 4 JR) TS PR R R AL A TR A 1 R
LR,

RE T EME 1 FiR .,

B RESLYE

BEXTBCTRIAE 89 R R R S R0 o, 32 02 1
FHRZEAIATAL, X RER AT 10 1 G LRI Rt
Froe g it il ad 255 B, R il 1 19 R Z R 1 2
BTESR,



52 1

PURY Hilbert 4318 £k 1) 77 n] ] RN 38 25 175 L 45
w2 s,

dB(GainTotal)

-2.1520e+001
. -2.2608e+001
-2.3696e+001
-2.4784e+001
-2.5872e+001
-2.6961e+001
-2.8049e+001
-2.9137e+001
-3.8225e+001
-3.1313e+001
-3.2402e+001
-3.3490e+001
-3.4578e+001

-3.5666e+001
-3.6754e+001
-3.7842e+001
-3.8931e+001

K2 PUB Hilbert J3J8 KR 7wl 141 RIS 45 07 FLA5 2R

-

2 A5 e [ R LA A R HA B4R
T, B4R AR T BERA,

FHRA 2850 A A0 A5 64 DU B Hilbert 731 K £k 1) 5
PN 3 FR,

R
20141121022.

B3 LTINS 9 R R TE B [

PSS ROAT R, e 7R A R 42 A B L Rk
RERE IR B R S S B H B, RIS i 4 A RS2 )
ST ESHER 2

A R GE D LG B 2 AR AT AR H R 2 B i A
L N 2 s

&2 W Hilbert 53 R i@ L 54

AT L/ GHz M5 55/ MHz
0.40 ~0.92 520
1.07 ~1.54 470
1.70 ~2.16 460
2.30 ~2.78 480
UHF i B 1920

AT RE A ToR R e LA S I BB

4 LG E S A BRALE Y R

H T AL B A S5 A AR IR AE R I SRR
S IEORTAE A, R I R SRR RS

Ty A SR R AR e AT SRR O T K AR S . 193 .
maE 3 Pinx,
K3 HEXREFHNSH

ZH B
SRAENZ/ MHz 20
WIS
HLR TR/ V £5
FHL/Q 50

P, BRIEACRERES AR 5 V, IR
JEEh 20 MHz DAY BHBT N 50 Q. Hod T R4k
LEFN) 4.2 kV R LR T J 8 0 R R e A e W
40 mV ZE AT, AT LIRS K 8% RS ECh 50 %
HH,

5T AltiumDesigner, #1455 RFMD3827 it 1) K4+,
1 TS TR B3 25k 20 dB, BOK FL T
TGRS, RERS 3 25 827151 30 dB ~40 dB, Xt
N RATELL Ry 50 A5 224, LA R i 2k

i HI AV36580 M 2% 43 B A 2 1) 3 S8 K 445 1Y
RS ZE R E 4 FiR

[T

fIMHz

B4 RO 3 a0 i

P 0t 5 SR T 2R AR P S 8 R 56 S 80 A2 1
TFER, AR R 4 n] 1, BCK#R 7€ 100 MHz ~ 1 GHz
TO B P Y T 0 25 40 T 17 dBm A AT, X R R (R
Witk 34 dB 24T BVRCR 5420 R 50 %, BEfE 5L
LT K T RE

78 i S TR e A R 4 oy R AR R R AT R
£ RN R 20 MHz, fI% T 4F¢ = 4 {5 % 300 MHz ~
3 GHIR B, N 75 22 3 s A B A W iR 15 5
LRI 55, A P ARG B Ao 10 3 85, AR A
K Al R SR FRE R MR AEER ™S

R G 0 A0 11 R G A R U R
avago/A F ) HSMP282Y , 538 Hif [5] 247 0. 3 ns, I /&
1 GHzVL N 6 Dk 22k . MR 48 v AltiumDesigner09
B NS5 & AR AR RS S T G
TR T AR MR 25 A 5 R,

H A 5 & A 2% i 0y O B K AE S iR R
700 mV, JKFEHR100 ps, di25 R 10% , 46 I # A I [E]



. 194 - L 1

Tr & %35 &

TR S wso FTIAZE SR AT A, A 45 RE 45 52 2L 0
AR I RE P BOE AR AE K 5 s HYFEEOEIAE =,
A A i AR 5 B0, A 5 B B R A R R AR

RIS i

(7). 700mV 05 /% mV CEINES T
IR o2 & R Rl A

5 I RGERIT A

R 1o ARG I 2R 8 v A A AR 7 1RG40 ) i, i
AL HH R 5 A B AL 1Bl 1 1% s A H SR 4R
AT AU B B >R B R G, B F 1 Labview
Gig e, R UGS R TR D s g
EIIhE.

155 R AL RGBT F i3 2048 F A P93, 3 2o vl =
AR R 2 0 ol 1 k3 o o A AR R AR D, IR T
AR FEAHHP , XEERTRENE F AR FE AR R 04 B i A
H Lok B FAR R A AN TGS, i 5dE
MIGRAE

S AL B IR AR TR TR A B T
Yl . W55 A PB4 2 T DA (8 b ) A
S b PR LG A A I VR TR) B BE A8 5 WA
PARAE B AE R R T

{2 2 8 g oy FH R R A5 A B B 43 25 1
2 BRI S R R BT AR AR A TR, PRAIE
HEREN RE (5 S BRI R R THLE
TSN GURAE L, AR RS 5 R Rl i R e 2R
B35, ui F A BNC 4210,

R AR 2 A AR T g T R A B AR R AR
FEVRNHER . HH T8 A AR R i AR BRS8N, & A T A
J % PN TS A9 Jeg 0 L 7 A Y R I AR 2 o AR T
TRAAAR B AL RS R AR KRB T A TR B A A N 36,
AR PRI R A R [ B BB 4% A AL Bk il A8 TR
TRA RSN G T AR 50 L o 0 T AR R A
FEAR I ICHE , 38 B e R, 2248 R BE A A&
% SR8 e 2% B G B 37 4 A, BT LA LG A A 1 R
RBBNIHE

EEF VTR Y Hilbert 438 KRR SME R HAZ N
84 mm, BEAEHEA 90 mm HYTEIIR AR, 7f H A R4
R AERE

AP s g R P M T 2R G 2 T R i
BT Labview fEEEAY, SEBL T [A]AE 2R AR il L O bR 2
TR BEIIRE . RGUs AT, i W] 20 R A th o v
WL IEAR I AR PD {75 008, R 5€ 2 Jm #E 47 4
JETR AR , A R A SR BT R ko R e R
IRAE , IA7A B A S IR 128

R G T A & SR OSSR
HELRIR 3 AR, Horh SR e R AR P IR R
FEAIR i A 18 A2 R AN B B 1 P 4243
I LAY SN P AN 5 e KL ; 402 B/ 1) i
TPt RTR AR ERAS | — ELAL Al W I 21072 s i N
A SRS T FL PR P A5, D 2 ol A AR e, P
SN B PRHE BRI B, 78 e 5 Jo TR A s AT 2 0
ESSWILRYI= I

(1) S22 7 Jry R 1) i ML, R 78 i v ) S5
B LA 2 P 245

(2) M B A T

(3) P S Bl A7 A Sl

6 Mk sC 5
8 % BB S 7% B RS (%
I MR RS 6 i,

AC4.2 kV
FHARUK

ﬂ_— RS316

[k

[DEGLEE STl

i)

Bl
Ko sidm gk

SR IR THE A TEE 4.2 KV AR ET AR A
T L, 7 0 SRy A F AR o LA 5 Eh VR A i Hil-
bert 7B RLRAE G55 AL FRBTH | 7 ik 75 Al
R ACRAE

EEFPE R B B A A B AR | T R T A A
FR AR ST 50 em x 60 em x 50 cm , 4 1A BE 5
4 mm  ANSERED T U et F , e R A R R T AR
PAAUBE 1= o H F EE S A R BE 1 i/ INFL AR B AR R
RERIAERE 238 1 HL RS R e AR SR 4R SR
JBCHL A B LG IR 5, D55 O # 3% A
TN, Zoad JEOR A ARG e i 3 AR I # S . e
PR AT R TR N 33 B T LA v G 0 R
Mg T AR



52 1

IR R R A R T A . 195 .

AR R AL e Y S e £/ (3 A S e A T
MRS 20 mm, B4 S EHAROINE , 7E 4.2 kV H
JE T BRH

IS 735 B 0 53 114 P AR v A A et ARG DN 1) %) T8 P
FIiCOR LSS B L 7 B

MON MAY 12 151416 2014

{0105) EIOZA 772 a1l

Cam )8V
X@Min(2 ) X [BS
MWQ2)VERS
MRS

7 SRR A ROE A

REMESREL R 1.2 VG55 BRFE
R RIS B9 R0 A 4R35 T AR 5, 82 E] S 100
ns Z—Eﬁo

SRS A3 3 AT AL 53 11 R0 v A St R0 81 )
TR I A ) B REA 5 IR A 8 T

START: 30 Mz STOP: 1.500 GHz
RBU: 3 iz UBU: 1 MHz SUEEP: 40 ns. ATT: 5 dB

K8 RECREM S

HY R AR S 56 0L FH s U R0 A3 (S0 X R
WA T R AR AN B 6 (1) R AR LA S R U8 e B 1) I
FH SR S5 5 SR I FH R 26 R K 4 1 4% ke 52 56 4
it o I B R R A% R R AR B Y ) R B
FAE T T300 MHz ~ 1 GHzil [l 4, [8 B i T K &
AT B AR L, R E 9 {F 5 4 30 MHz ~ 800 MHz
1900 MHz ~1 120 MHzFi #8453,

H TS50 % e 0 L A i R AR P T 100 MHz ~
1.5 GHz 455 & i Fl 32250 T 30 MHz ~ 1.5 GHz,
HF R 30 MHz ~ 1.5 GHz 10 I 237 4 Hilbert 43K
REGRERIE K 8 Fror ., Wos RiE 5 BRHE A

AR5 A

Wk R 4E P T 30 MHz ~ 1 GHz 6 I, [A) B 5 3ot
B AT LSS UE , K2R 7E 300 MHz ~ 1.5 GHz N {776
ANTE A 38 A Y ] 43 3 24 S DN 8 B 35 B T 1)
0.44 GHz ~ 0. 85 GHz “f — i@ 4 7 F1 0. 86 GHz ~
1.12 GHzH 3@ MiAf

7 HERiE

AR FEE b Xt AR g SR RS R S R e il
WFFERT UHF A5 b B R O BT 42, il 4 52 i
TRE R 20 RS RIS S0k, 12
IRAR REEAE R AR 5 s B o DAL TR I TR 2
R TAEHL A RS R I R S, It T R 2%
G54y R 2R T Labview SF- 65, JF & T 78 R A R 0
SRR I R G s AT, RETRES
LRREIBTT,

S & 3Lk ( References) :

(1] B 2,F W,X0 BE,4E 10 kV A AR R4 8 4% 7
BifEUCE R T]. U TR R 2017,46(9) < 112-115.

(2] FEFLH BMHEE, & T2 28 A
AL AR R AR [ ], o E AL T R4, 2002,
22(4) :154-160.

[3]  Smin. REIHESHARIM]. JUaT 7Tl i, 2011,

[4] Fkok, D . T HFSS B RHE & HiE 5 RERL
FRPELEEL [ )], AR IR 5 2014 ,20(4) :21-25

[5] W%, X =,2% Z&,%. HFSS RS TRMH[M].
Jet . B2 At 2009

(6] 3 18,27, iKINSE, 55 R A A U H A B Bk A
BRE[T]. T H AR ,2005,20(2) :29-35

(77 KGR SC @i P gk [ M. JEa. @S HE I,
2004.

[8] Pz, iREEIE , X Mg, 55, K i £ AR A &40 PD 5%
S iy B RS ()], AR db i ) K224k, 2006, 33
(3):10-13

(9] FhABr, Vrmlg, B X, 58 Rl GIS JRdBik i iy N B A%
AR AT R PERERFSE[ 1] T E AL TR 22 4R, 2004, 24
(8) :89-94.

[10] B 80, X EHE, Jr e il 45, 28 R 255 ¥ il i s 330
SRS T]. B EFR AR ,2007,33(8) :8891.

[11] FHEER. HB 720 28 ) 30 00 P s AR e R M vk ik 5T
[D]. B EERK A T2 ,2007.

[4mEE. K 3]

S Ak Sk, BT BT RLR R R S A T R AR AT (1] AL TR ,2017,35(2) (191 - 195.
MA Chao, LIN Lin, HUANG Jian-fang. Development of monitoring system based UHF PD sensor[ J]. Journal of Mechanical & Electrical Engineering, 2017 ,35

(2):191 - 195.

CHLH T#E) 2435  hitp . //www. meem. com. cn





