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Abstract: A damage regression identification method for large and complex transmission tower structures sub-
jected to static loads was proposed based on the substructure model reduction and data-driven method. Accord-
ing to the structural features of the transmission tower and its deformation under self-weight and ice loading,
the full finite element model for the tower was reduced by means of the sub-structure method, the possible

damage modes were predicted and the damage indexes defined. The substructure modeling method was used to
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reduce the orders of the structure with different damage states, and the order reduction model library was es-
tablished. The calibration load was determined based on the loading characteristics of the tower, and the strain
sensor layout was designed according to the deformation and failure modes. The deformations of all the re-
duced-order models under calibration loads were numerically simulated with the finite element method, and a
dataset was then created. With the data measured by the strain sensors as input and the damage indexes as out-
put, a damage regression identification model was built by the BP neural network algorithm. With the identifica-
tion model, the damage locations can be recognized and the damage indexes can be quantified. This work lays a

foundation for real-time health monitoring of transmission tower structures.

Key words: substructure model reduction; transmission tower; data-driven method; damage identification;

regression model
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Fig. 1 The flow chart of data-driven structural damage identification
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Table 1  Physical parameters of conductors and ground wires

model Young’ s modulus £ /MPa cross-sectional area A /mm? mass m /(kg-m™") diameter d /mm
conductor( JL/G1A-400/35) 65 400 973 3.0712 40.6
ground wire( JLB20A-240) 147 200 238.76 1.5955 20.01
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(a) The transmission tower (b) The tower-line system
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Fig. 3 The finite element model for the typical UHV DC tower-line system
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Table 2 Structural parameters of the transmission line and the ice thickness

span L /m elevation AH /m ice thickness h /mm

300,400,500 0,25,50 0,10,20,30,40,50,60
LA 400 m RYBETC R 22 2k s R ], — R4 S B ZRA VK 30 mm 53— R4 TR YRGB T BUETTEEAG S A FFEE M-
ses W F1 0 A AN 4 (a) BTz, AT UL, S RON 7 Hh BRAESE B S8 MR 0 i) SE4F 1L PR 4.(b) D 3 0K S B AP35 481
SRS S, B PR R I, B UK S B FTIE (15 K 22 0 %A A 2L BEBGZ P 1 il UL A7 BROTA DA 2
P8 B RN 7 Hh BRAY 7 -5 S B B UK S SR AP B Sl A9 — B IR L, AT DI AT 8 B S 3 R 3

AR EY 4 AR XA AR5, ATEL 5 (a) B,

S,Mises b >

angleis —90°
(avg: 75%)

S0

o/Pa
1.148E+8
1.053E+8
9.570E+7
8.613E+7
7.656E+7
6.700E+7
5.743E+7
4.787E+7
3.830E+7
2.873E+7
1.917E+7
9.602E+6
3.622E+4

(a) BS540 (b) VKBTI EIE
(a) The Mises stress distribution of the tower (b) A tower collapse caused by ice cover
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Fig. 4 The Mises stress distribution of the tower under typical ice load and the collapse mode of a real tower
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(a) The damage location (b) The layout of strain sensors
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Fig. 5 Damage locations and the layout of strain sensors
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(a) The original model (b) The division of substructures
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Fig. 6 Substructure division of the tower and selection of external nodes
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v, /m T o/Pa
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(a) JEURBEEY Y J5 [l (2 8% BT Pl 16 R 3 )45 28

(a) The calculation results of the Y- shift and the axial normal stress of the original model

U, /m o/Pa
0 2.313E+7 ‘
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(b) TEHHBEBEL Y J7 15 LR S ATA-h 1) IE 1 7 453 45 58
(b) The calculation results of the Y- shift and the axial normal stress of the substructure reduced order model
B 7 SRR D AR AL () AR T AN T
Fig. 7 Deformations and stresses of prototype and the reduced order model for the tower under self-weight
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Table 3 Relative errors of node displacements and element stresses in the prototype and reduced-order models

relative error 6 /%

error type
X- shift Y- shift Z- shift axial normal stress
average error 0.478 0.516 0.462 1.025
maximum error 0.643 0.692 0.591 2.649

R4 AT b S 4t o A E U (B

Table 4 Calibration loads on hanging points of conductors and ground wires with the tower

calibration loads F /N

hanging point

X- direction Y- direction Z- direction
1,2 0 [-273 946,-107 164] [ -346 193,-134 598]
3,4 [67 299,173 096 ] [-273 946,-107 164 ] [116 565,299 812]
5,6 0 [-115348,-58 162] [-145770,-73 051]

7,8 [36 526,72 885] [-115348,-58 162] [63 264,126 240]
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Fig. 8 The BP neural network training process
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Fig. 9 Prediction results of damage indexes at different damage locations of the test dataset
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Table 5 Comparison of regression and classification recognition methods

realistic damage index 3 /% regression prediction of classification prediction of

damage combination damage indicator &, /% damage indicator &, /%
) ©) &) @ ) ©) ® @ ) ©) ® @
Cl 15 0 0 0 15.3 0.17 0.06 0.09 15 0 0 0
Cc2 0 17 0 0 0.05 16.9 0.08 0.03 0 15 0 0
C3 10 0 20 0 10.6 0 19.7 0.21 10 0 20 0
C4 0 6 13 0 0 6.32 13.2 0.16 0 10 10 0
C5 0 18 0 23 0.18 18.8 0.05 22.6 0 15 0 25
C6 5 0 5 0 5.26 0.15 4.49 0.04 0 0 0 0
C7 6 21 0 0 6.24 21.2 0.12 0.08 10 20 0 0
C8 27 0 0 11 25.3 0.26 0 10.91 20 0 0 15
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