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Abstract: Aiming at the measurement errors caused by the resistance of high-temperature long wires and their tem-
perature variations in long-distance strain testing of high-temperature structures for nuclear power applications, this paper
proposes a strain correction method integrating strain gauge test data, measured strain gauge resistance and wire resis-
tance values. The formation mechanism of strain measurement errors under long-wire transmission conditions is analyzed.
By introducing resistance parameters of strain gauges and connecting wires, a unified correction model for measured
strain is established to calibrate strain readings acquired at high temperatures. Based on the model, the thermal output
curves and gauge factors are determined. High-temperature strain tests at 350 °C were performed to verify the effective-
ness of the proposed method, which is further compared with the traditional three-wire method and half-bridge compensa-
tion method. The results demonstrate that the proposed method can simultaneously account for the coupled effects of wire
resistance and its temperature drift, substantially reduce measurement errors, and improve the accuracy and stability of

test results. This work provides critical technical support for enhancing the precision of high-temperature long-wire strain
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measurement in the nuclear power industry.
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Fig.1 Schematic diagram of strain gauge bridge

with long connecting wires
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Tab. 1 Parameters of common high-temperature resistant wires
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Fig.3 Half-bridge compensation circuit diagram
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Tab.2 Measurement errors of strain gauges for different long wires
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Tab.3 Measured strain at different temperatures
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hRE R EIE RO, LA 20 Chn#R i AE Sk 2k
i, 6F He BT I TR S A5 R A i I R 2 (el T
fA] 2 b L R AR T4 0 Ak F A2 Az f iR
A, RN AR S o Ry HEEAS [R) LR T g A5
o MR AR A R AR B, S5 S8 1o B vh U 2807
YHIE) o G5RFH] . REIERT, mRAHT
2 Bl IR B R W R K, #E 350 ~ 370 CHEMET
R 18% ~ 26%; LB, SR TN AR TR
KIRZELH 10. 7%, Hil8- R LN 2 TR RiR 22
9. 7%, IRIEEARLI40% ~ 60%, VL% IriEhE
% A 501 55 T 4 P BHL S B AR A Sk s e, $
o e il A R AR A N DN LA B

FERCIERN I, FIAME IE IS B g n AR 55ds , e
W (24), WA AR G B N AR AR TR A

FHRK, #EC(29), TR AR R RECK 0

K,
Ky = % 100% (29)

AP KoAH IR 20 CT RN AR T R AR B
AFERE T, 4 ST R Rk 7
JiiR, BN AR T RALR BN 8 s .
TR . BEAE R TR, RS TR BR AL
BIRE MBS, £RT79, 370 CHE, MHXTF
20 ‘CHRAE, REEARBFFEL 10%. H 370 CF
YIRBARRCHN 1,67, #5350 CHY 1. 66 WA /)N g [a]
Tt R R /ANIE DL o % SR 25 BUE A
F R R B IR B . AR A N T
PERL . T T 2 5% 4 ik e LA b B N it 2R 5 B L
REMLF S, BTeEREE g, Bk
Bl R AR AR AR G D R A, e B R A

R4 AREAETREE 348

Tab.4  Strain gauge resistance and wire resistance at different temperatures

AR PRI AT PR AL/ Q

P L AR T M LS LR/ Q

B /°C i BEL HERSL
1 BESR2 REEN3 REMR4 HEES ke REL/Q IEL/Q
IR 376.68 376.40 376.41 507.15 508.46 507.76 26.06 156.57
2 Tz 376.07 375.76 377.09 507.82 507.83 508.41 26.06 156.63
I 376.99 376.79 376.78 507.02 508.38 507.70 26.44 156.68
1 g 376.35 376.08 377.39 507.68 507.75 508.31 26.42 156.48
I 377.21 377.01 376.97 506.93 508.33 507.64 26.67 156.48
B0 n#k 376.59 376.36 377.63 507.57 507.69 508.25 26.68 156.49
HI 377.50 377.35 377.28 506.81 508.23 507.57 27.03 156.43
20 i 376.78 376.55 377.79 507.47 507.60 508.21 26.84 156.43
FE1E=9 377.63 377.50 377.43 506.73 508.16 507.51 27.24 156.42
20 fnzk 377.13 376.87 378.04 507.39 507.54 508.14 27.25 156.43
Iz 378.10 377.94 377.89 506.68 508.10 507.47 27.70 156.44
0 g 377.54 377.39 378.56 507.26 507.48 508.08 27.72 156.45
I 378.36 378.26 378.21 506.59 508.05 507.41 27.99 156.45
= PIIE 377.80 377.67 378.80 507.19 507.46 507.98 27.99 156.45
I 378.66 378.58 378.49 506.59 508.05 507.39 28.27 156.46
0 iz 378.10 378.02 379.02 507.17 507.51 507.93 28.31 156.45
FEIE=9 37871 378.60 378.59 506.59 508.03 507.33 28.24 156.43
0 gk 378.16 378.08 379.19 507.18 507.46 507.88 28.34 156.44
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Tab.5 Thermal output of strain gauge at different temperature steps

Al LR N AR T/ e Ak SR N AR O 1 R LR N AR T Y / e Bk S 1 A -1

RE/C

BEh1 BER2 REARS Mt e BERRA BERRS BEALG MKt /e
20 -1 0 1 0 1 -1 1 0
100 18 73 90 60 58 92 94 81
150 40 131 155 109 91 122 185 133
200 70 201 215 162 150 184 264 199
250 184 361 371 305 336 322 410 356
300 523 794 769 695 815 633 747 732
325 692 1052 1014 920 1094 855 956 968
350 843 1327 1257 1142 1343 1225 1039 1202
370 921 1376 1314 1203 1397 1326 1 050 1258
(6 RREBEENTREHMZEALALE T
Tab.6 Loaded actual strain of strain gauge at different temperature steps
R C SEER LR AT I 22 / pe Sl el [ A R BB AE T AR AE / e ML G 1 AR
Bt 2 ks TRIENIR/we pema pems peme TR e
20 -920 -970 930 979 -929 953 -920 =970
100 -913 -965 922 975 -936 951 -913 -965
150 -891 -903 963 989 -887 996 -891 -903
200 -898 -936 896 946 =924 923 -898 -936
250 -884 -919 894 940 -911 920 -884 -919
300 -873 -897 866 921 =901 899 -873 -897
325 -850 -870 840 887 -871 871 -850 -870
350 -836 -845 804 874 -848 852 -836 -845
370 -848 -848 811 883 -854 862 -848 -848

o EE . BIERAR SR S MR LA EEs ik, mET7FR, b, N-KERRSLNATT
AR B, ULHIASCER A IR RE S A AR REREL, NC-KRR #2221 R R 2
LRBRL 22 Al R BRI 1B 1E J 28 S 2 N A8 T 1) R B AR B A B BB

MR SBIEE PG, SRR L 80 WIAARSONERES A —E 2% FHI 5 T4
Mk, WE6HIR. PiKFLBIEER MG g B2 R B AR AR

BB BNEAT, WY FLABHBIER, $4 V1 8 D8 165 1 J 5 0 0 22 A A Ky o
Ak 22 S XA Hh PP 25 SR B TR P19 S 68 1K e 5 3 0L 2 Ak th R K 0 MBI

WAER T MESBIE RN A REARL, B8 J SR LN AR TH A 8 5 2 0 28 1 2 i
SR RN AR TR RN AP R R RESEA L
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AT ARRBETABRFE R T R A
Tab.7 Gauge factor of nickel wire strain gauge at

different temperatures

) I AT R R AL PR
MREE/°C L K g

BT KRG REm3 BREL
20 1.84 1.94 1.86 1.88 1.00
100 1.83 1.93 1.84 1.87 0.99
150 1.78 1.81 1.93 1.84 0.98
200 1.80 1.87 1.79 1.82 0.97
250 1.77 1.84 1.79 1.80 0.96
300 1.75 1.79 1.73 1.76 0.93
325 1.70 1.74 1.68 1.71 091
350 1.67 1.69 1.61 1.66 0.88
370 1.70 1.70 1.62 1.67 0.89

A8 AREBETRARFEE LI RMAK
Tab.8 Gauge factor of copper-nickel wire strain

gauge at different temperatures

N I AR R B AL 3R
RE/C — - - v K
PERN A KERS RERe  BRE
20 1.96 1.86 1.91 1.91 1.00
100 1.95 1.87 1.90 1.91 1.00
150 1.98 1.77 1.99 1.91 1.00
200 1.89 1.85 1.85 1.86 0.98
250 1.88 1.82 1.84 1.85 0.97
300 1.84 1.80 1.80 1.81 0.95
325 1.77 1.74 1.74 1.75 0.92
350 1.75 1.70 1.70 1.72 0.90
370 1.77 1.71 1.72 1.73 0.91
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Fig.6  Average thermal output curves of nickel wire strain

gauge and copper-nickel wire strain gauge
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Fig.7 Sensitivity coefficients of nickel wire strain gauge and

copper-nickel wire strain gauge
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Fig.8 Thermal output and relative K of nickel wire strain gauge
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Fig.9 Thermal output and relative K, of copper-nickel

wire strain gauge
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