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Development of a Ratio Calibration Bridge for Inductive Voltage Dividers

cER -2 -88F
(Han Jun Kim - Jeon Hong Kang - Sang Ok Han)

Abstract - A inductive voltage divider(IVD) is widely used as a ratio arm of precise impedance measurement bridges
at low frequencies of audio frequency range and a well fabricated IVD has ratio error of 107 order without any
calibration. Recently, the order of 10® of the best measurement uncertainty is needed for calibration and maintenance of
impedance standards as national standards. In order to achieve that uncertainty, the IVD which is used for a ratio arm
of precise impedance measurement bridge should be calibrated within the uncertainty of order of 108, For this purpose,
a ratio calibration bridge for IVDs has been developed. The measurement uncertainties of both inphase and quadrature
of the bridge are analyzed less then 3x10® respectively at 1 kHz and 25 V.

Key Words : IVD(Inductive Voltage Divider), Totoidal Core, @4, Inphase, Quadrature Error, ¢ 8] i3, Bridge

.M E

53 A &7 (Inductive voltage divider: ©}3 IVD)
A& At ol ¥wAlzl B9 VD7 ZMAE AHE, F
St 7t B4 Hlel 2 Fx2 YA, &= € FE9
3, A7tAYe] AE T VA AF Fol distd g
gAY, A7H 549 ZAMEIT olF w4y, ¢
@27t god EYPUHdLrt digd) B 54
(1l2]e2 Azt A7|Reke] FLZ A Qo ¢ &
71715, IVDE & 5AS-& 2 849 29 (toroidal core)
of #Y&A AAEL slu #dE A v Ytap)E BE
of ¥& dYHIgn & F U dvtxdoz ¢ A9 FY
¥ Folo] AXNE AAY AM FE 10 T& 11, 12 #&
(section)o.2 o] & ghEo] 1110, 1:19] Y v & &
< & JA AZd 99 IVDE d¥Eda FUEyL B
28] vl8l Zratio am)Z AR ET EH o]F A wEoA
99 IVD 93 AE P2 dZ3o alx] Ay AF)
Y Add 437" e ¥RE e g dl
£ HE AEF 5 A AF¥E AL T (multi-
dial) IVDetx 3™, JFA4E I Edvez £8F +
Qe 7153 Pz Q3 HLESHE Hexe WY
AYF o Byx] BYAYE 28A HYIPR) A3t
BEA Py o]FA & 0 Po| AHLAY3] oY oF
I FAg9 AAEe} Adge we AF3 $5F IHYE

& O R e

v WAAAL, E®E  BEREENSHRR ERET cEHEER
E-mail : hanjun@kriss.re.kr

& B BEREEMNEHENR ERARM LERER

& B BEAER TX BEIRH g - ITH

BZHF : 2004F 12H 24H

BRHSET 20062 34 14H

.

M

Tl MY BE@019 v RYS Halx MY

ot AL o YAALY Astuisk 4R o)7t F 5x107
Fxg IVDE d9& EF JyS ALEA gdast: 44
Aol sHesicH3l 2y 4 vet FRE SA47I8E
(NMI: National Metrology Institutes)?] &3%3< A3
¥ & BIPM(Bureau International des Poids et Mesures)9)
CMC(Calibration and Measurement Capabilities of NMI)
ElJeA & & A=Fe] A g¥Ax AnEAsY L o
4 1 kHzolX &3 B8Z(k=2, A= & 95 %2 =37
10® F(order) Zutol ol2x ot watA AWAL Roje
27t E&E& #Xstn 2Fslcd AMSHE SFBREAEs
24 B857} 10° ¢ Hojogt @t a3ez dyda
ZR3& 2y A FHEY v € ¢ 2R HHo
AHEEE tide] IVDES 479 &3 BEE=g UE¥ &
RE AEE AL v ALAE AFgs]) mAYH Folo
o IVDY H] AL VD7l 7HX 3 ge o F9E9 o}
F AR LHRAYEEV] S H/E4F ZEVE AHEE
o]  £3}2] & (permutation)dtE= Whgoz A A [5)6]
a8y AP HEE FHAN] Bol 28¥0E &
AF9e 83U SHFESR AHHoR JEgL v
t g3e] vk ol @& neksly] ¢ste IVD Al
Alell #7Hdummy)e] B4E 2 R7l F47% VDY YE
& APvedte ;s AA LAY (self-calibration) H4 &
AsA Hck o [VDY ALE 478 WEes wyol
o]FolX} Aol WAaF W wEpx AN 2 wE
Eojd Fute] gl BT ol g mAIUANME
Aag Estdel sy, 4d3E IvDeY A 4E AL
g 5dR Vs s FEAE @3 gldh @9 IVDe §
A4 BEF7IFez 2 AFRE Ae 7 J|AH FFe=
AR Y7t gFo)A G & a2 AY v g HFH
olt;. wetq EAe] Hol FEF AY ¥E ¢I Y= ®

217



VRPN 54B% 5% 2005%F 5R

718 VDt Y& ¥ u¥ IVDE A9 71ES
IVD2 A28 $ Utl. 2-stage 8 to|d9 EFVIF IVD
& 7124 IVDE A}£3to] 400 Hz ~ 10 kHz ¥ 9iolA 9
a2 FA34 BER 9 b B2 FZ AMEHE 9d
IVD 2% ol tigde] IVDE 47]d AF% oS glo]
¥ wA IVvDY 948 AgdH 244 vid f3xE va
173 g 5 v BIYAE AL '

2. VD H|mmy H2|x| =Xt

21 VD HIRRY H2|x] 3= X ol

w; current equalizer

a8 1IVD ™ AlAaHS9 3 =2
Fig. 1 Circuit of a calibration system for IVDs
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Fig. 3 Block diagram of procedure for evaluation of
measurement uncertainty of the bridge
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Table 1 Calibration results of inphase error

olel FAE 2A(x10°)
i Ak 3%
setting(d) da, da, dar—a) | dayd )
X +0.07 +0.11 +0.04 +0.03
9 +0.62 +0.60 -0.02 -0.01
8 +0.63 +0.58 -0.05 -0.03
a +0.58 +0.49 -0.03 . -0.02
6 +0.40 +0.39 -0.01 +0.02
5 +0.23 +0.23 -0.00 +0.03
4 +0.07 +0.08 +0.01 +0.03
3 -0.09 -0.07 +0.02 +0.04
2 -0.22 -0.13 +0.09 +0.11
1 -0.21 -0.16 +0.05 +0.06
0X -0.71 -0.62 +0.09 +0.06
09 -064| .-0.56 +0.08 +0.05
08 -0.57 -0.51 +0.06 +0.04
07 -0.51 -0.46 +0.05 +0.03
.06 -0.46 -0.41 +0.05 +0.03
05 -0.39 -0.36 +0.03 +0.02
04 -0.34 -0.31 +0.03 +0.02
03 -0.28 -0.26 +0.02 +0.01
02 -0.21 -0.22 -0.01 +0.00
01 -0.15 -0.16 -0.01 -0.01
00X -0.15 -0.17 -0.02 -0.02
.009 -0.15 -0.17 -0.02 -0.02
.008 -0.14 -0.16 -0.02 -0.02
007 -0.13 -0.15 -0.02 -0.02
.006 -0.12 -0.15 -0.03 -0.02
.005 -0.11 -0.14 -0.03 -0.02
.004 -0.10 -0.13 -0.03 -0.02
003 -0.10 -0.12 -0.02 -0.01
.002 -0.09 -0.12 -0.03 -0.01
.001 -0.08 -0.11 -0.03 -0.01
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Table 2 Calibration results of quadrature error

ol AZFE L2(x107)
i Al gk &3
seting(d) dlﬁl dﬂz 4B 2 =B 1) dB 2 -8 1)

X +0.12 +0.14 +0.02 +0.02
9 -1.56 -1.39 +0.17 +0.18
8 -193 -1.99 -0.06 -0.09
i -1.06 -1.36 -0.30 -0.31
6 +0.66 +0.18 -0.48 -0.50
5 +2.57 +1.94 -0.64 -0.64
4 +4.30 +3.59 -0.71 -0.71
3 +5.38 +4.74 -0.64 -0.63
2 +5.35 +491 -0.44 ~-0.43
1 +3.89 +3.78 -0.11 -0.14
0X +2.52 +2.61 +0.09 +0.06
09 +2.01 +2.09 +0.08 +0.05
.08 +1.70 +1.76 +0.06 +0.04
07 +1.49 +154 +0.05 +0.03
.06 +1.36 +1.41 +0.05| +0.03
05 +1.26 +1.29 +0.03 +0.02
.04 +1.15 +1.18 +0.03 +0.02
03 +1.00 +1.02 +0.02 +0.01
02 +0.78} +0.77 -0.01 +0.00
01 +0.45 +0.44 -0.01 -0.01
00X +0.55 +0.55 +0.00/ +0.01
.009 +0.49 +0.49 +0.00 +0.01
.008 +0.42 +0.42 +0.00 +0.01
007 +0.36 +0.36 +0.00 +0.01
.006 +0.29 +0.30 +0.01 +0.01
.005 +0.23 +0.24 +0.01 +0.01
.004 +0.17 +0.18 +0.01 +0.01
.003 +0.12 +0.13 +0.01 +0.01
.002 +0.07 +0.08 +0.01 +0.00
001 +0.03 +0.04 +0.01 +0.01
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