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Optimal placement of biaxial acceleration sensor for transmission towers

Wang Zhangqi'*, Wang Jian'*

(1. Department of Mechanical Engineering, North China Electric Power University, Baoding 071003, China;
2. Hebei Provincial Key Laboratory of Power Transmission Equipment Security Defense, Baoding 071003, China)

Abstract: This paper studies the optimal placement problem of biaxial acceleration sensor used for structural vibration measurement of
transmission tower. On the basis of TMAC method, a novel method called Redundancy Reduced Biaxial Modal Assurance Criterion
(RRBMAC) method is proposed to realize the optimal placement of biaxial acceleration sensor. The method uses improved two-
dimension column pivot QR factorization to gain initial sensor positions. The objective function is established based on the maximum
value of non-diagonal element in BMAC matrix and measurement point redundancy, and optimization is carried out. EFI2 method and
RRBMAC method were adopted to conduct the optimal sensor placement of a steel tube tower. Modal Assurance Criterion and Maximum
Singular Value Decomposition Ratio along two horizontal directions were adopted to evaluate the achieved sensor placement scheme. The
results show that the optimization effects of the two methods both firstly increase with the number of the sensors, and then tend to stable.
RRBMAC method has better placement effects than EFI2 method and RRBMAC method can obtain pretty good optimization capability
even when the number of sensors is few. In addition, the two methods were used to carry out the optimal sensor placement of a lattice
transmission tower, and the comparison and analysis results show that the RRBMAC method can obtain better placement scheme. The
optimal method should be chosen according to the number of sensors together with the focal point of the test. For different number of
sensors, the optimal sensor placement method and some sensor placement schemes are presented. Wind-induced vibration response
experiment on the tower was carried out using the optimized sensor placement scheme, and NExT-ERA method is adopted to identify the
natural frequencies and damping coefficients. Compared with the modal analysis results, the results show that the NExT-ERA method can
extract accurate frequency results.
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Table 1 Comparison of biaxial sensor placement for steel tube tower

fERRH (R PRI maxMAC,  maxMAC,  MSVDR, MSVDR,

R EFI2 5671 .90 0.696 4 0.638 7 29.207 9 7.540 5

3 RRBMAC 48 70 81 0.858 5 0.481 9 5.441 1 4.155 8
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Table 2 Comparison of biaxial sensor placement for the transmission tower
RIS A A B ik FERERI A maxMAC, maxMAC, MSVDR, MSVDR,
EF12 85,151,153 0.8129 0.5810 93.446 8 11.674 5
34
RRBMAC 73,149 151 0.565 0 0.7357 48.961 4 1.197 0 x 107
EF12 74 105 124 (151 0.260 4 0.061 1 2.602 7 2.715 8
44
RRBMAC 73,117 149 (151 0.339 2 0.390 7 2.253 8 2.767 8
EFI2 85,105,115 151,153 0.077 1 0.1459 2.576 8 2.487 3
54
RRBMAC 73,104 118 ,149 (172 0.126 1 0.228 0 2.0358 1.9252
EFI2 74 85,105,115 151 (153 0.053 8 0.108 9 1.976 0 1.568 4
6 4>
RRBMAC 73,104 118 119,149 (172 0.048 8 0.091 9 1.787 8 1.2525
EFI2 74 .79 85,105 115 151 153 0.027 2 0.0759 1.689 1 1.4237
74
RRBMAC 69 .73 .99 104 (113 149 (151 0.024 8 0.084 1 1.603 3 1.557 4
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(a) SEH K4 11 9%

(a) Experiment tension resistance angle tower
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(b) Installation diagram of biaxial acceleration sensor

K6 i Bk S

Fig.6 Field test of the transmission tower
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Fig.7 Placement location of biaxial acceleration sensor
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Table 3 Comparison of the recognized frequencies

and modal analysis results
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Wi/ Hz 1222/% $i%R/Hz i22/% $i%k/Hz 1%22/%
NExT-ERA 2.121 3.268 6.409
N 1.24 -1.66 2.05
AT 2.095 3.323 6.280
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