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Fig.1 Structure diagram of combined electronic

A

instrument transformer

AT A G R U s R m R
T BIAFIE BRI — G R IT A B4 X Ik
e L i AR A B, R ST AR AL T s L TBR A
T VA i 5 | 4k 4 A 5 1 AT AR 6 TR PR
P, v ARHA Z B I Sk, R4 sk, —IRAL %
BT R LI B L OT R L R AL B LT R B, e
WAL TT R H Rogowski £k [l , Hi, s A% Jg% PR T 2R FH
B [R) Gl L 2548 . Rogowski 2k PBI 22 il /e 12 s 1) |7
FEIE BRI P I ELE A TR 40 1Y) SF AT & B
B2, AE S X RS B AT R AR TERE R
M ERES ALY X[ 8] & E e,



® & 0 8 % w it %

%39%

F 1 X PR U LR AR N 2 O Y i Tt
15, L TR T () Tt 2 080N, AT 5% 0 L ) R S
P IBhVE, SCHR[9-10] FP X 1E 48 SF, HE i /R
A IEAT T 43 M1. BT Rogowski £k Bl A1 [w] il
BT YT E, A2 hBUE S i =/
FL R LR T A7 TR O RE AR R R AR

2 fERES

2.1 Rogowski £k

Rogowski LB S AT AT RGP A RE, AT LA &
A NG WL Ge L i AL s , LR S %
YRR S A AR A DA Rt R AR B S e
SCHR[ 14 1B EFTE Rogowski £ 18] 1z FH 3] B8 A% 7F £k
Ky R g, IRt 7 AR AU AME LI, SCHR [ 15-
19 ] ) Rogowski £k PEl B 47 FA 2 M B FIVRERf i 0
iz B i B, SRTT LA R e b ST
A HL o HL i B R, HREIN S v g, X 5 e 1 2
BRI A B AR A I A TR T

Rogowski £k Pl Y J8 1 B 08 000 F, 3 ) 722 1B 3
BE FE R0 F HS A F i ) OC R = (1) P
di(t)

m (1)
ol e (1) SRR HL R 5 (1) HBEU HL 95 M Ro-
gowski ZE P8 TR AL,

AR T LR 0 T ) Rogowski 218l , PCB £ A il
) Rogowski & 18l T 25388 by 18] B | 28 [ 04 B M 1
), IS TR ST Rogowski 2RI AN &
AU Rogowksi £& B R EA HAR X FR A NS84, A
T BH - T 75 Rogowski 2k P8I RE W% 1 /& HE, T~ =0 HE
it EL R e AR R FE RS MR 0.28 YRR,

V-1 %! Rogowski £k el £ 5% 4 X§ PCB Al #l 1 4>
B, M A AL Bror, Bl PCB, fI
PCB, 3 —RIE AL 1 X PCB #z, iIX X PCB # i
IR AR I e L SR B R 2K PCB AR i
i 2 ik ER9fER . 454> PCB RIS 3
mm, R 1000 [MLETEH 0.25 mm (5L JESE AL
i, VA Rogowski 4k P& “2¢ it 78 42 b 1y [B) A4 JE
FRMARI . ARG LA 7 B RS 1 2 R B S R
BT 7Y Rogowski £k Bl A9 4% 7] JE & 4 25 mm A
H£ M 340 mm,

22 BEHEFEMEER

BT (R Btt m 25 00 i Y PR e A% R AR T T T iA N
T AERE R BIAIE B AR A 1A ] H ok, B
B2 SRR R 2R C, (AL T — IR ST
HhERELA =2 [8]) F1 C, (HL 250 T H ] H AR FR B AT T
FEMRZI0)) o 48 bR 221 2 RE A% i D) rh i vl
WANEFEIE B R Z [ e 2t . 2 S BIAE B 25
ar R AT

e(t)=-M

2me el

C,=—— (2)
" In(Dy,/D,.)

2me el
Cl» =T n N
In(D./D,,)

H e, NESAHEEE, H £,=8.85x107"7 F/m; e
R SF SARRIR XS A0 BB B L R B e A
D H—K AT EAR s Dy, A RT A IR Dy, R v ]
HL AME 5 DM TR TE B AR N AR

HL AL AR BT A5 A KT 8l 2 s, B, —
UCFAFEAR R 80 mm; AN YR R 3 mm K
A 25 mm R EH AR 295 mm, 28 Bk 4 b )
IR bRy =i, AR (2) L (3) it 3
# ¢, C KA HIZI A 1 pF 160 pF,

3 1
2; 4
E6
B

1—[BIREIE B A, 2—h ] i
3—Rogowski £k, 4— — K AT
SR HESEiA, 6 — et r R

B2 BERRSFETEHE
Fig.2 Structure diagram of voltage sensor unit
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Fig.3 Basic simplified circuit of voltage sensor
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Fig.5 Structure diagram of data processing unit
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Fig.6 Amplitude response error and phase response error
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Table 1 Values of coefficients of 1IR filtering method
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Table 2 Error of voltage channel

T/ kV /% fa2z/(")
22 0.077 2.8
44 -0.042 0
88 -0.014 -2.1
132 -0.065 -4.1
176 -0.053 -2.0
220 -0.022 -2.1
264 -0.054 -22
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Table 3 Error of current channel

L/ kA /% f2/(")

0.02 -0.105 -4.0
0.1 -0.051 -3.2
0.2 -0.046 -0.9
0.4 -0.032 0

0.8 0.048 -1.9
1.2 0.013 0

1.6 0.025 2.1

2 0.012 3.1
2.4 0.023 0
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Table 4 Real-time variation of temperature

A 18]/ h i

0—+1.5 20 °C

1.5—+2.5 20 °C T35 50 °C (LePERG )
2.5+45 50 °C
4.5—+6.5 50 CFI%F|-40 C (LMET)
6.5—+8.5 -40 °C
8.5—9.5  —40 °C T} 20 °C (LTI
9.5—~10 20 °C

x5 AR EEENFAEERBERE
Table 5 Voltage channel error corresponding to
temperature at different time

A 8]/h R/ C 2/% %/ ()
0 20 -0.025 -3.1
1.5 20 -0.021 -3.0
25 50 -0.035 -1.8
4.5 50 -0.055 -0.6
6.5 -40 0 1.1
8.5 -40 0.037 -0.9
9.5 20 0.012 -1.0
10 20 0 -2.0

xR o6 AR EREXEERBERE
Table 6 Current channel error corresponding to

temperature at different time

A [E]/h R/ C 2/ % a2/ (")
0 20 0.012 0
1.5 20 0.043 0.6
2.5 50 0.055 1.6
45 50 0.066 4.1
6.5 -40 0.014 2.3
8.5 -40 -0.021 -1.9
9.5 20 0.003 -1.5
10 20 0.007 -1.0
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Fig.8 Field test results of voltage channel
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Combined electronic transformer based on high accuracy digital integration method
LI Zhenhua, TAO Yuan,ZHANG Siqiu, LI Zhenxing
(College of Electrical Engineering & New Energy,China Three Gorges University, Yichang 443002, China)

Abstract ; Aiming at shortcomings of traditional transformers,such as being easily saturated ,small dynamic measure-
ment range and narrow measuring band ,a novel combined electronic transformer is proposed. The insulating structure
of inverted SF, transformer is adopted ,the Rogowski coil and cylindrical coaxial capacitor are used as the sensors and
the improved digital integral method is adopted in the integral link ,which effectively improve the reliability and ac-
curacy of the proposed transformer. The simulative and test results show that the proposed transformer has high accu-
racy and meets the requirements of 0.2S and 0.2 accuracy level ,and compared with the single-function transformers,
it only needs one insulation body to achieve simultaneous measurement of voltage and current,so it has the advanta-
ges of small size and low cost.

Key words : combined electronic transformer; digital integration ; cylindrical coaxial capacitor; Rogowski coil ; per-

formance test
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Fig.A2 Diagram of field application
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