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Research on the four terminal-pair coaxial calculable
resistor and its value transmission
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Abstract: To solve the common problems of the thermoelectric effect error and the dielectric loss of the nonmetallic support frame for the
bifilar, quadrifilar, octofilar and double helix calculable resistors, one kind of 1 k) four terminal-pair (4TP) coaxial calculable resistor
(CCR) with simple structure and minimum AC/DC resistance difference is developed. On basis of the theoretical calculation and the 3D
electromagnetic field finite element simulation, the AC/DC resistance difference introduced from the distributed capacitance, residual
inductance, skin effect and eddy current loss are achieved. A high-precision 4TP AC resistance bridge based on the inductive voltage
divider is developed, which could be utilized as the experimental validation of the frequency dependence for the 4TP CCR from 400 Hz
to 10 kHz in comparison with two commercial 10 k) 4TP quadrifilar calculable resistors with the known frequency dependence. In
addition, the 4TP CCR with the same 4TP AC resistance bridge can realize the quantity value transfer for the commercial AC standard
resistors within the resistance range of 100 0, 1 k) and 10 k€ from 400 Hz to 10 kHz, which has the best standard measurement
uncertainty of 8x107° for the 1 k€ at 1 kHz.
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Fig. 1 The inside structure of the 4TP coaxial

calculable resistor
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Table 1 The additional relative error of the 4TP coaxial

calculable resistor introduced by the coaxial cables
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Table 2 The dimensions and physical parameter values of

the crucial parts of the 4TP coaxial calculable resistor
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Table 3 The calculated frequency dependence of the 4TP coaxial calculable resistor

iR/ kHz 0.4 1.0 1.6 2.0 4.0 10.0
SIS A ZE B AN 22 -1.9x1078  -1.2x107%  -3.1x107?  -4.8x107?  -1.9x107""  -1.2x107"°
FRAHLIERS | A B ELTRAH AT 2 -1.3x107"2  -8.0x10™*  -2.0x107""  -3.2x107""  -1.3x107°  -8.0x107"
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Table 4 The simulation frequency dependence of the 4TP coaxial calculable resistor

B/ kHz 0.4 1.0 1.6 2.0 4.0 10.0
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FEFEAT Y R R AR 5 3E B AR 22 -5.1x107% -3.2x107" -g.2x107"  -1.3x107"  -5.1x107°  -3.2x107°
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AR DR 28 5 30 28 LA X 25 05 L -1.7x107%  -5.1x107°  -6.8x107"  -7.8x107"  -1.3x10° = -4.9x107°
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Fig.3 The principle of four terminal-pair AC resistance bridge
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Fig.4 The approach for measuring the frequency dependence
of the 4TP coaxial calculable resistor(x-and y-axes:

arbitrary scale)

TESEHG AT T 3 A EELEN A-B-A TP 8 I R4 &
B AR, Bi 400 Hz DLAM 4505 45 5 647 DL B
3 AR P I, e BUE B R S R I AR AE T
AT MG TS R 5 AN 2E(E, Hi, 8, .8, S,
JE P FH A A1 S 5 BEL (L 25 A 4B P I 400 Hz A5 T 1Y
SFEMEAHE], [FIHE 6, A1 8, J& XTI AH &R WA~ 7 51 28 T i
400 Hz MR, S5 AR AL £ 19 AR, ik 5 422
EERSONIE

2) KT B T A R et BEL R A B 1) 7 T
LU HL U PR A i BEL AT A e 45 30 86 Ao -5 b L
{14 L DA BEL(ELAH XS 22 SR, R 2R FH DU i o 52 3 i, BEL
HFIIEAS 5 400 Hz B (9 52 U R BLAR XS 22 6R, o 520
B 1) A-B-A J7 ik L, PRI TS HLBHAE 400 Hz (952
AR 22 0] s (14) 155

AR, =R, - R, (14)

g5 2 (13) L (14) Lh K E A % R T Y R
10 kO DY gk U ] 24 30 vl BEL, BV T 45 80 1 i o )

RIGHE R BHM 400 Hz~ 10 kHz A2 BLLAIXT 22 AR/R,

25 Fian R W R 10 kQ DY s Xy ] 28 70 -
BB (SN :NL_1666 Fl SN:NL_1667) 43 HIAE J 4l 45
P EL 60 A 52 It E BEL AR M, X R — L 1 k) Uity Yo [) i 75
FHE L B EAT B R 400 Hz~ 10 kHz RAEE 3 EH 28
ERAINT 22 AR/R B 5 YR I6 25 FE - Y B 52 b o 22
(A 28), £ 5 o ATR AP S I Eicts 2 A TR 4 i — BobE
HERKAHZEWLE 3x107° LN,

x5 M EMEITEEBEAMEFEIRER
Table 5 The experimental results of the frequency

dependence for the 4TP coaxial calculable resistor

10 kQ 10 kQ
iR (SN:NL_1666) (SN:NL_1667)
/kHz AR/R A% AR/R A%
(x107%)  (x107%) (x107) (x107%)

0.4 2.3 2.2 1.4 1.7
1.0 0.6 1.4 0.3 0.4
1.6 -1.0 2.5 -0.4 1.6
2.0 4.0 2.3 3.2 2.5
4.0 2.6 3.7 2.6 2.0
10.0 8.9 2.3 11.5 1.6
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Table 6 The experimental results of the frequency

dependence for the commercial ac standard resistors

100 Q 1 kQ 10 kQ

iR (SN:16K0979) (SN:19L1140) (SN:279996)

/kHz  AR/R A% AR/R A% AR/R A%
(x107%) (x10™%) (x107*) (x10™*) (x107%) (x107%)

0.4 -12.5 1.2 4.7 0.3 10. 4 1.5
1.0 -9.2 1.7 42.2 2.0 22.1 2.0
1.6 -1.0 1.6 93.4 1.8 42.3 2.1
2.0 0.9 1.3 127. 4 2.7 65.2 2.6
4.0 36.3 4.9 310.8 4.4 210.7 10.2

10.0 527.0 11.2 1081.0 11.1 1142.0 21.2

F7 M E B T E 8 32 AR B SR R
AR EN EATEEITMmR
Table 7 The standard measurement uncertainty of the
frequency dependence for ac standard resistors from

4TP coaxial calculable resistor

PES B A AN B 0, (x1077)

/kHz 100 Q 1 kQ 10 kQ
0.4 2.3 0.9 2.8
1.0 2.4 0.8 3.0
1.6 2.5 0.9 3.3
2.0 2.8 1.2 3.4
4.0 5.5 3.8 5.1

10.0 31.1 23.0 31.3
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