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A self-calibration method of non-contact voltage measurement
based on impedance transformation
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(1. College of Science, Kunming University of Science and Technology, Kunming 650504, China;
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Abstract; For the application of capacitance-coupled non-contact voltage measurement, the coupling capacitance between probe and wire
is affected by wire diameter, wire insulation material and relative position deviation. It is difficult to determine the voltage division
relation and the voltage cannot be reconstructed. In this article, a self-calibration method of non-contact voltage measurement based on
impedance transformation is proposed to realize the self-calibration of sensor gain in practical measurement. Firstly, the basic principle of
capacitive coupling voltage measurement is introduced, from which the problems exist and the self-calibration method based on
impedance transformation is proposed. Then, the influence of calibration accuracy on system parameters is analyzed by simulation and
the principle of parameter selection is given. On this basis, the sensor probe and the circuit topology are developed. Finally, the
accuracy test, anti-interference ability test and scene adaptability test of the sensor prototype are carried out. The accuracy test shows
that the maximum relative error of voltage amplitude is 0. 59% , and the phase relative error is 0. 76% . The anti-jamming ability test
shows that the coaxial probe has good shielding effect on the surrounding coupling electric field. The scenario adaptability test shows that
the maximum relative error is 1. 24% when different types of circuits are tested.
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Fig. 1 Basic schematic diagram of capacitive coupling
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Fig.3 Capacitance simulation value of probe-wire

under different conditions
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transformation calibration
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Table 1 Initial parameters of circuit simulation
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Fig.5 Relationship between system capacitance

parameters and calibration error

HE S iTLAF Y, ¢, SRR 2 M, C, . .C, 5
MG 2 22 TAE DG, BRI T D 34 K ¢ b €, C, DA
PR MRS L . T C,, XK RE SR W] Z AN T R
& B TR LU AR A 5 S AT 3.3 V i
PLEHE R AT, JES2M RSk S BRI T, & L2 1Y
BUEIX [ aniE 6 ff o, Hoif €, >5 pF, C,.C, <10 pF,
C, }1~10 nF,



53

BV AR AT LR A R Ak R A A D T 141

10000 I
1000
s 9
=)
& 100F
o]
‘%\ I
g0
2
l.
0_

C, C, C

Bl6 2% H 2 U X i)
Fig. 6  Value range of each capacitor
2.2 fERERIRLIRT

N IRBIER €, UM ¢, 19 H Y, AR SCBOTRY
[Vt R Sk B AN 7 s o HG pl S LR L 2 B34 o
Feb SR TG BCEE AN TT S LR, TR Al 2 v
Wh THERHBE C,, Hg A B2 = 3T, AR
YER A T LA/ INES A FLZS €, et 5 i F AR FH 1 B i o1
ALY, TG BRI 5 1 E T4 15 I 2 A
THIRL

7 AR Sk

Fig. 7 Schematic diagram of coaxial induction probe
2.3 BEmISHILT

SN A A T S BEL T AR 5 T S A AR 1 AR
T HBUR, i i R SR OG, ARSCH YR
Wit 50 Hz TARZ B, BRFEI 50 Hz I EERR b T
AR X ER 0, w0, <27 x50, Tk < 1,HL
w, <o, fo, <2mx50 AHEER, R (C, +C, +
kC,) WIEZADTEE L (10) , A RBMEAL R E TA T
TAET AU,

R (C, +C, +kC,)) >3.18x 107" (10)

ARSI BT L RN AN 8 Jirs , £ SE BRI v
T S A 5 R R A A BEL A A A B G ] g
B ARSI 1% S5 e AL R BB | G o s S TR A 2
7 LMC6061IMX 1, Hoff 58 4 75 kHz, i A i i L 3L 4
0.1 pA, BEHFERE N £5~ 210 V., BEFIARHARHFOC TQ2 1F

HHK S, , B FRLERFATBHAE> 1 GQ, &1 <75 mQ,
[ s 7] ) B HLIE A AR . R st LT by

GFkpin a5V 1L |
| = |

| | |
L ®n |2 j D l
l i I
| [ : | ]
Eﬁ)—ﬂﬂ R, ? 2 : i :
'L |

E 8 HL b

Fig. 8 Circuit topology diagram

TR (10) JF B NES v, v, AT
BUBHER AR | HIAE A 45 K v 20 R 0 8 9 v T 1F 2 0
K2, R THREHEAE C, RSB C, .
C, WIMERATE, P A 28 B T I 48085 B2 2 0. 05% 1Y
TH2840B F§# LCR {X4k4%

#2 NERGHRAREESHE
Table 2 Measuring system capacitance and resistance
parameter values

e {H B2 {H
C,/pF 7.52 C,/pF 5.18
C,,/nF 3.42 R, /MQ 15.00

3 KWK KRERST

3.1 EHRFEREE

TR TR TR Y B A R R AT S
W SR NSRS 6 I = s 9 Frs, DAY
AL HLESR H DELTA AC POWER SUPPLY 3 000 W, ]
$24E 30 Hz~ 1 kHz,0~300 V 45 %58 3t L F 5 ok
16 1743 HEF PicoScope5000D PC 715 i 5 1 48 J Ui Hi, ¢ i
SRR AN 62. 5 MS/s 3 RAE (0915 53 4o 38 HH ep A7 5
2k (universal serial bus, USB) i3 £ > AT B HL
(personal computer, PC) o Bk PicoScope6 {T.7 , % zh
PC #4747 S A o R Ml 5 3 A 1 PR ) S {3 ok
Agilent 34401A 6 172 & AT 0 JHFRALME, AR AL IE 1
Tektronix P5202A ZZ43 Rk AT 1 E

SEH AR PRI 2 2 o [ R RSk K Y
SRRV FELRI 5 o L B A | 15 5 Ak S P B 0 R D
W R A5 5 Ak B B i i A L [R]
PR AINZ BRI AR % 452 2R A bk . BT R
J Tektronix P5202A 1= H 25 4348 3k 3% $ 25  FUR K 4k
TR Wi



142 e M & 2

a4t

Tektronix P5202A % 43 {3k

Ko SRy

Fig.9 Experimental site map

3.2 TRERENRK
TR & T LR 2 5, 2B — 4
W HIFE S, #1m b, 105 Aos I 28 W 2 A4 15 5 b B
R Vo BRI BRE S, H e, il
TRUE A 2% F A5 5 Ab B R B R v, B Agilent
34401 A JUA5 0 52 B HH FEL RV, SC I R da R S LA
100 V #2300 V, KN 10 V, BE FiR B2,
Fric sREs S R (7) R V, 13 3 Bk,

®3 BEMNKER

Table 3 Accuracy test results
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Table 4 Anti interference test results
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