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Abstract

During long-term use, eddy current sensors may experience significant errors or even erroneous
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readings due to aging or environmental influences. Therefore, regular dynamic or static calibration
is necessary to identify and address any issues. During calibration, the induction plate is made of
the same metal conductor material as the sensor under actual operating conditions to ensure the
accuracy of the measurement results. The calibration cycle is generally no more than one year. Eddy
current sensor calibration is mainly divided into static and dynamic calibration. This paper devel-
ops an integrated dynamic and static calibration system for eddy current sensors based on LabVIEW
software, using a standard vibration table as the actuator and employing the absolute method for
static and dynamic calibration. Experimental results verify that the displacement control accuracy
of the integrated dynamic and static calibration system is better than 5 um, the displacement meas-
urement accuracy is better than 3 um, and the voltage measurement accuracy is better than 0.1%.
The sensitivity calibration uncertainty of the standard accelerometer Kit is less than 0.5% within
160 Hz.
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Figure 1. Schematic diagram of the calibration system
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Figure 2. Composition of the host computer software system of the integrated automatic calibration device for dynamic and
static characteristics of eddy current sensors
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Figure 3. Workflow of the host computer software system
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Figure 4. Serial port read/write program flowchart
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Table 1. Static calibration communication protocol instructions
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Figure 5. Flowchart of static and dynamic calibration command composition and conversion procedure
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Figure 6. String conversion flowchart
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Figure 8. Flowchart for calculating static sensitivity and amplitude linearity
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Figure 9. Calculation block diagram for static sensitivity and amplitude linearity
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Figure 10. Calculation block diagram for amplitude repeatability and hysteresis error
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Figure 11. Calculation block diagram for amplitude linearity deviation
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Figure 12. Calculation block diagram for frequency response deviation
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FEREHEREE 50 mm AOEAETEREIN, LL S mm Jyla] BB CGE A 10 NIE R, I HAZ I E S0 2ok e L
FEEORIE 3 MBI, 8 3183 THEHITES . AR I EBLNIAT A ALFE (A MCN-5005 300G &
FIRLREAE, MSEIRAIRATLAE Y, SORBEHIMZELE 5 um AN, W ZEI7E 3 pm BLA, Ui TR HERE
B AL A T AR R B A K

Table 3. Displacement values measured by the displacement measurement module

3. UM ERRNSHRRE

o I T
e T e e s TR Ao
(mm)  WOBNRHE CREWEE pRRE WRRE WOLNRE REWRE BEIRE  WERE
(mm) m) m) @m) (m) (mm) m) ()

5 4.9981 4.9998 3.9 0.2 4.9964 5.0001 3.6 0.1

10 9.9965 9.9990 35 1.0 9.9963 10.0004 3.7 0.4

15 14.9966 14.9997 3.4 0.3 14.9965 15.0006 35 0.6

20 19.9964 19.9990 3.6 1.0 19.9967 20.0001 33 0.1
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25 24.9956 24.9989 44 1.1 24.9958 25.0004 42 0.4
30 29.9956 29.9995 44 0.5 29.9959 30.0003 4.1 0.3
35 34.9968 34.9997 32 0.3 34.9970 35.0003 3.0 0.3
40 39.9980 39.9996 2.0 0.4 39.9982 40.0004 1.8 0.4
45 44.9998 44.9993 0.2 0.7 44.9998 45.0008 0.2 0.8
50 50.0015 49.9999 1.5 0.1 50.0015 49.9999 1.5 0.1

5.2. FHSBOERD ST EE M B RIRA LI

o A 2 v P SR AR A R A S8 i T QU003 STIT B A% [T FEL USRS 400 R TR A A SR B i L1 3R AT 5206,
SRMERHE R WL 4:

Table 4. Voltage measurement tables for Agilent-34410A and measurement module
Fz 4. Agilent-34410A TN ERRABEMER

HESEZEV) Agilent (V) TEREL CH1(V) ) TEML CH2 (V) REY%
1 1.0087 1.0082 0.0496 1.0084 0.0297
2 2.0030 2.0035 0.0250 2.0024 0.0300
3 3.0063 3.0045 0.0599 3.0059 0.0133
4 4.0043 4.0016 0.0674 4.0039 0.0100
5 5.0076 5.0046 0.0599 5.0054 0.0439
6 6.0053 6.0059 0.0100 6.0048 0.0083
7 7.0032 7.0037 0.0071 7.0042 0.0143
8 8.0030 8.0032 0.0025 8.0029 0.0012
9 9.0022 9.0020 0.0022 9.0018 0.0044
10 10.0074 10.0071 0.0030 10.0069 0.0050
11 11.0028 11.0025 0.0027 11.0027 0.0009
12 12.0042 12.0038 0.0033 12.0035 0.0058
13 13.0036 13.0029 0.0054 13.0026 0.0077
14 14.0034 14.0027 0.0050 14.0038 0.0029
15 15.0047 15.0039 0.0053 15.0052 0.0033
16 16.0040 16.0029 0.0069 16.0051 0.0069
17 17.0089 17.0085 0.0024 17.0095 0.0035
18 18.0068 18.0072 0.0022 18.0080 0.0067
19 19.0068 19.0075 0.0037 19.0059 0.0047
20 20.0034 20.0052 0.0090 20.0061 0.0135
21 21.0016 20.9999 0.0081 21.0020 0.0019
22 22.0047 22.0037 0.0045 22.0053 0.0027
23 23.0036 23.0032 0.0017 23.0043 0.0030
24 24.0034 24.0039 0.0021 24.0036 0.0008
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Table 5. Amplitude linearity test data of the sinusoidal voltage acquisition module

5. [ERAERERRBELENA KR

E{E.(Vpp) HFHERMmMVms)  CHI (mVrms) CHI & IRZE (%) CH2 (mVrms) CH2 MIEiR%E(%o0)
19 6713.75 6713.420 0.049 6712.991 0.113
18 6360.51 6359.747 0.120 6360.002 0.080
17 6007.58 6007.273 0.051 6006.894 0.114
16 5654.42 5654.149 0.048 5653.787 0.112
15 5300.71 5300.514 0.037 5300.180 0.100
14 4945.78 4945.526 0.051 4945.200 0.117
13 4592.94 4592.679 0.057 4592381 0.122
12 4249.76 4249.536 0.053 4249.265 0.116
11 3902.42 3902.223 0.050 3901.969 0.116
10 3549.67 3549.478 0.054 3549.251 0.118
9 3192.28 3192.099 0.057 3191.890 0.122
8 2832.60 2832.482 0.042 2832.302 0.105
7 2473.29 2473211 0.032 2473.041 0.101
6 2120.15 2120.028 0.058 2119.881 0.127
5 1767.60 1767.515 0.048 1767.289 0.176
4 1412.43 1412.330 0.071 1412.233 0.139
3 1062.18 1062.105 0.071 1062.033 0.138
2 706.34 706.325 0.021 706.274 0.093
1 354.60 354.602 0.006 354.577 0.065
0.8 283.15 283.168 0.064 283.146 0.014
0.5 176.74 176.672 0.385 176.656 0.475
0.2 70.514 70.506 0.113 70.503 0.156
0.100 35.409 35.406 0.085 35.402 0.198
0.080 28.262 28.261 0.035 28.257 0.177
0.050 17.672 17.669 0.170 17.669 0.170
0.020 7.044 7.043 0.142 7.041 0.426
0.01 3.480 3.477 0.862 3.479 0.287
0.008 2.769 2.767 0.722 2.767 0.722
0.005 1.700 1.700 0.000 1.699 0.588
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MR A EE AT DU H IE 52 L HCR AR BEHUR R A5 5 IR ZEAE 1% LAY, T2 BETHEER

6. &it

ARICHET LabVIEW BAFTF R AR ISR BN & A PAT I, SRAIZEXTE, HEAT A dm il s i 2 A

ASKEME . it SR IR HU IR A KBS B s — AU RGN R S BE AR T 5 um, ARSI ELRE FE AR
T 3 pm, HEMEREERT 0.1%. FR#EIEE B4 R BUERHEAH CELE 160 Hz /M T 0.5%.
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