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Dynamic Response Analyses of Power Transmission Lines under
Moving Loads
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Abstract: Given the substantial vibrational excitation caused by inspection equipment on transmission
lines and unclear vibration mechanism, the dynamic characteristics of power transmission lines under the in-
fluences of moving loads was investigated to explore their dynamic responses and vibration patterns. A
three-dimensional dynamic nonlinear cable model was developed, and dynamics modeling of the inspection
robots was conducted. Using the combined Lagrange-Ritz method, dynamics equations of the coupled sys-
tems of moving loads and power transmission lines were discretized. Numerical simulations were per-
formed with MATILARB to analyze the impacts of nonlinear effects on the power transmission lines. Simula-
tions were conducted for typical scenarios involving varying speeds of moving loads and different installa-
tion height differences of the power transmission lines. The results show that under the influences of mov-
ing loads, the power transmission lines exhibit significant nonlinear large-displacement characteristics and
terminal effectiveness, with a maximum nonlinearity factor for axial force increments reaching 1. 677. In-
crease the moving load speeds(0. 5~2 m/s) results in increases of 2. 4%, 3.9%, and 4. 4% in lateral dis-
placement, longitudinal displacement and axial force increments, respectively, with terminal effect ampli-
tudes increasing by 140% ., 138% ., and 225%. Increasing the installation height difference (0~10 m) re-
duces the vertical sag distance of the transmission lines, with longitudinal displacement and axial force incre-
ments decreasing by 7.3% and 6. 2% respectively, and a maximum reduction in terminal effect vibration
frequency of 50%. These findings provide theoretical reference for the engineering designs of similar cable
structures under moving loads.
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Fig.1 Model of a single-span power line in natural

sag configuration
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Fig.2 Schematic diagram of overhead transmission

line structure
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Fig.3 Working principle of power transmission line

inspection robot
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Fig.4 Analytical model of a single-span power

transmission line under moving load
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Fig.5 Simplified model of a power transmission line

system under moving load
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Fig.6 Physical pendulum model representation of an

inspection robot
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Fig.7 Gravitational and inertial forces acting on a

sample unit
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AR SO R | B L AT i
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Fig.8 Comparison of linear and nonlinear solutions of
transverse displacement in mid-span
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Fig.9 Comparison of linear and nonlinear solutions of

longitudinal displacement in mid-span
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Tab.2 Comparison of nonlinear effects influence on maximum static and dynamic displacements w,,, and u«,,, in

selected cross-sections of carrying cable

R 1) i B ENBEbA
iy FL 2 AT el EipIES s EipES
Whe/m | wh./m & wh/m | wh /m da abo/mo| ot /m & ub/m |t /m $a
. x=0.25/.| -1.943 -1.943 | 1.000| -1.967 -1.997 |1.015| -0.102 -0.121 | 1.186| -0.114 -0.132 | 1.158
'%O£ x=0.50/, | -2.508 -2.486 | 0.991| -2.548 -2.528 10.992| -0.138 -0.152 | 1.102 | -0.139 -0.154 | 1.108
x=0.75/.| -1.944 -1.946 |1.001| -1.975 -2.002 | 1.014| -0.106 -0.123 | 1.160 | -0.117 -0.134 | 1.145
. x=0.25/| -2.234 -2.236 | 1.001| -2.275 -2.283 | 1.004| -0.093 -0.109 | 1.172 | -0.098 -0.112 | 1.143
1'%(1)%11 x=0.50{, | -2.902 -2.861 ]0.986| -2.941 -2.879 10.979| -0.124 -0.138 | 1.113 | -0.127 -0.143 | 1.126
x=0.75(.| -2.216 -2.219 | 1.001| -2.258 -2.262 | 1.002| -0.107 -0.129 | 1.206 | -0.111 -0.132 | 1.189
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Tab.3 Comparison of nonlinear effects influence on maximum static and dynamic increments of axial forces in

selected cross-sections of carrying cable

b S N,/kN AN o/ kxf% = AN /KN & AN, /kN )J:TVT:,LX /kN S
. x=0.25/, 18.071 5.237 8.557 1.634 5.206 7.615 1.463
'%(% 1=0.50/, 18.071 4.784 6.884 1.439 4.823 6.931 1.437
1=0.75(, 18.071 5.242 8.563 1.634 5.210 7.617 1.462
N x=0.25/, 18.023 5.018 8.414 1.677 5.106 7.482 1.465
1'5(1) . x=0.50, 18.045 4.680 6.502 1.389 4.721 6.544 1.386
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Fig.10 Comparison of linear and nonlinear solutions of

static and dynamic increments of axial force in mid-span
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Fig.11 Comparison of transverse displacement in

mid-span at varying moving speeds
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Fig.13 Comparison of axial force increment in
mid-span at varying moving speeds
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Fig. 14 Comparison of transverse displacement in mid-

span under different installation height difference
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