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Design and application of a self-calibration circuit for strain

measuring instrument

LIU Yao, WANG Wenjian
(Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: In order to solve the problems of time-consuming, labor-intensive, low efficiency and insufficient accuracy
in the calibration of strain gauges using the split flow method and achieve high-precision acquisition of strain signals, a
low drift and low noise self-calibration circuit has been studied and designed. The acquisition channel and calibration sig-
nal are configured by program control. The functional relationship between the acquisition signal and the self-calibration
signal is fitted, and the calibration coefficient is obtained. The strain measurement results are corrected, which effectively
reduces the temperature drift error and noise error of strain measurement and meets the accuracy requirements of strain
measuring instruments.
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Fig. 1  Block diagram of signal acquisition for strain gauge
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Fig.2 Schematic diagram of self-calibration circuit for strain gauge
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Tab.1  Calibration signal output by self
calibration circuit
PG, ZHUNEGT s v
A3 3 T 38 3 1
a, 0.120 0
8, b, 0.012 0
, 0.001 2
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8, 1.2000
o b, 0.120 0
, 0.0120

22 BREBREMIRE
221 "RFIFEE

A P B R I R N o A AR E TR T A
gy, HKGEE R ARG 5 R . MR
FH &AL 25 R B2 F% . (R MR PS5 1Y A %5 R He ik
REF7030.

DI A o R I 7R T PR P CA LA Ry S5 A e
LRI O R 1 EREA IR VE TR ook € =N i)
FLEERANE 3R .

ME 3T LAIE H, Mk 0.65 wv, HEEAYER
ZR MR G R, X RZE N

Err = Yean = Vet 1000, (5)

calf

APV, IR RHES SME, Vs V. oARifER
ﬁiﬁgfgﬁﬁ’ V; Vﬂjﬁﬁ%*ﬁ%ﬂg&‘{ﬁ;{g%ﬁ’ Vo
TR MR RS DR 2E I, )k (DR 25 3R 22 Al 2 TR 7



- 108 - =, MiXERE

2023 55 43 % % 2

700 -

[\ (O8] P wn D

(= (= (= (=] (=

(=] (=] (=] (=] (=]
T T T T T

Y7 HREERS / (nV-Hz'2)

—

(=

(=]
T

1 1 1
102 10* 10°
A | Hz

B3 R L i e 0 SRR

Fig.3 Equivalent noise output from self-calibration circuit
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Fig. 4 Temperature drift simulation of self-calibration circuit
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Tab.2  Strain measurement results before calibration of EX1629 (55 °C) we
anianaes CHI1 CH2 CH3 CH4 CH5 CH6
12 000 120 49 120 36 12 047 12 040 12 044 12 043
24 000 240 96 240 70 24 086 24 080 24 086 24 084
30 000 301 26 300 93 30114 30 105 30113 30110
=12 000 -12 049 -12 036 -12 045 =12 041 -12 044 -12 042
=24 000 =24 097 =24 071 -24 089 -24 080 -24 087 -24 083
=30 000 =30 127 -30 095 =30 116 =30 106 =30 114 -30 109
&3 EX1629 BURJE 2R F 4R (55 °C)
Tab.3  Strain measurement results after calibration of EX1629(55 °C) we
B eI AR CHI1 CH2 CH3 CH4 CH5 CH6
12 000 12 004 11999 11999 12 000 12 001 11 998
24 000 24 006 23996 23 997 23 998 24000 23995
30 000 30013 30 000 30 001 30 003 30 005 29 999
=12 000 -12 005 -11999 =12 000 =12 000 -12 001 -11999
=24 000 =24 007 -23 997 -23 998 =23 999 =24 000 -23 996
=30 000 =30 015 =30 002 -30 003 =30 004 -30 006 =30 001
&4 EX1629 KA T F 2R (23 °C)
Tab.4 Strain measurement results before calibration of EX1629(23 °C) we
e A8 CH1 CH2 CH3 CH4 CHS5 CH6
12 000 11984 11982 11978 11982 11981 11978
24 000 23 967 23963 23953 23 962 23961 23 955
30 000 29 963 29959 29947 29 957 29 956 29949
-12 000 -11983 -11982 -11977 -11982 -11982 -11979
-24.000 -23 967 -23 964 -23 953 -23 962 -23 962 -23 957
=30 000 -29 964 -29 961 -29 947 -29 958 -29 958 -29 951
&5 EX1629 KRG 2 TR F 4R (23 °C)
Tab.5 Strain measurement results after calibration of EX1629(23 °C) e
PR TE AR CHI CH2 CH3 CH4 CHS CH6
12 000 12 003 11998 11998 11998 12 001 11998
24 000 24 004 23994 23994 23 995 23999 23 995
30 000 30010 29 998 29 998 29999 30 003 29999
-12 000 -12 003 -11998 —-11998 -11998 -12 001 -11998
-24.000 =24 005 -23 996 =23 995 -23 995 -24000 -23 996
-30 000 -30011 -30 000 -29 999 -30 000 =30 006 =30 001
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Tab.6  Temperature drift of strain measurement

before and after calibration of EX1629

BliiBLES WEHERT KeeJm
CHI1 181107 3x107°°
CH2 149x107° 2x107°
CH3 186x10°° 3x107°
CH4 165x10°° 4x107°
CHS5 175%10°° 2x107°
CH6 179x10°¢ 0
Mg P 1 7 i o7 8 N i (S0 P R 22 1Y T A
B, 2% 3E I RS 1R 25

Err, = fﬁﬁfiilfii x 100% (8)
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Tab.7 Noise error in strain measurement before and

after calibration of EX1629 %
Wik e LRl
CH1 0.12 0.03
CH2 0.14 0.01
CH3 0.18 0.01
CH4 0.14 0.00
CHS5 0.15 0.01
CH6 0.17 0.00

(R BB S AN 22 6 T, i i e KR S VR RS
H186 x 107, KM )E Fe KR JE IR 4 x 107, il
1B CHI~CH6 MR R 22 a1 7 R, REHERTHcR
Ma P R 224 0.18 %, KHEJG e KM R 22N
0.03 %.
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