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Design of an On-site Automatic Calibration Device for the

Vertical Pendulum Broadband Tiltmeter
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Abstract: The vertical pendulum (VP) broadband tiltmeter is a type of earthquake precursor
observation equipment that records the inclined earth tide. The scale value represents the relation-
ship between the measured physical quantity and the output voltage.Its accuracy plays a key role
in data reliability. The calibration process provides the scale value for the instrument. Most tradi-
tional calibration methods,e.g.,plat calibrations in the laboratory and manual calibrations on site,
cannot satisfy the accuracy levels required in scientific applications,or might affect the continuity
of observations. In this study, we investigate an on-site automatic calibration device, in which
small-scale shifts are introduced by a piezoelectric ceramic under the control of a single chip
microcomputer AT89C51. The device then calculates the scale values from serial corresponding
values of the outputs of the VP broadband tiltmeter and a laser interferometer. This device could
realize the automatic operation of calibration,and its relative calibration accuracy is 0.36% when
the excitation voltage is adjusted to +8 V,and meets the requirement of a relative error of less
than 1%.
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Table 1 The calibration mode of pendulum tiltmeter
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Fig.1 The structure of calibration device
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Fig.2 Motor control circuit
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PR IT

ORG 0000

ST:MOV P1. #00

MOV P2, #00
SETB P2.1
B1:JNB P1.0 Bl

CLR P2.1
SETB P2.4

SETB P1.4
MOV R1, # 0FFH
MOV R2, #0FFH
MOV R3, # 80
B21:MOV RO, # 10
B2:DJNZ R0,B2
DJNZ R1,B21
DINZ R2,B21
DJNZ R3,B21
CLR P1.4
CLR P2.4
SETB P2.0
MOV RO, # 0FFH
MOV R1, # 0FFH
MOV R2, #10
MOV R3, #01
DINZ RO,B3
DJNZ R1,B3
DINZ R2,B3
DJNZ R3,B3
CLR P2.0
SETB P2.5
MOV R5, #0FFH
MOV R6, #0FFH
MOV R7, £ 80
B41:MOV R4,B4
B4:DJNZ R4,B4
DJNZ R5,B41
DJNZ R6,B41
DJNZ R7,B41
CLR P2.5
AJMP ST
END
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Fig.3 Relay circuit
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Fig.4 Schematic diagram of on-site calibration
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Table 2 Test results
T B MR RE VP SRR AL s R R A UEAT A RRCZISIEES VP FE M A
YRR T WAL R IR R VP FES AL Al (R 2T R AL
/nm /nm /mV 2/ mV /(" e mV™D) /nm /mV
0 —95 1 449.28 795.343 5.297 IE—05 95 653.937
0 95.4 795.343 1452.25 5.295 35E—05 95.4 656.907
0 —94.7 1452.25 803.661 5.323 91E—05 94.7 648.589
0 95.3 803.661 1459.99 5.294 46E—05 95.3 656.329
0 —94.9 1459.99 809.947 5.323 22E—05 94.9 650.043
0 95.2 809.947 1 463.07 5.314 87TE—05 95.2 653.123
0 —95 1 463.07 8 12.673 5.325 93E—05 95 650.397
0 95.3 812.673 1467.1 5.309 85E—05 95.3 654.427
0 —95.5 1716.42 1065.41 5.348 92E—05 95.5 651.01
0 95.7 1.065.41 1716.81 5.356 91E—05 95.7 651.4
0 —95.4 1716.81 1 .068.07 5.362 02E—05 95.4 648.74
0 95.3 1068.07 1722.54 5.309 5E—05 95.3 654.47
0 —95.3 1722.54 1072.28 5.343 88E—05 95.3 650.26
0 95.3 1072.28 1723.25 5.338 05E—05 95.3 650.97
¥ fE 5.333 32E—05 95.29 651.484
Hr 2= 1.935 82E—07 0.228 278 1.916 1
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Talbe 3 Scale values under different voltage conditions

O 6 fE 6 fEL b 1 22 s A A XoF
/V /(X1073" e mV™L)  /(X107%" e mV™1)  i#%/%
6 5.46 0.318 0.58
8 5.33 0.193 0.36
10 5.70 0.563 0.98
12 5.51 0.09 0.15
14 5.66 1.63 0.28
16 5.21 4.69 0.90
20 4.71 2.49 0.52
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