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Fig. 1 Schematic diagram of the high-altitude operation for fly-walk inspection robot
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Fig. 2 Hovering and rotating of fly-walk inspection robot

1.2 ZhHhZFEBLER
AL A N B T 4 G B 18 32 1 3R AT i Ak 43
Br, i 3 s .

R M

R
ﬂl@ Frn  fo {§

. —9 .

/ AR
f2

1 =,

(a) TEHHZEHT SRR
(a) Model of the axial advancing

(b) 52 N EAE SR
(b) Model of the swinging under
wind load

3 MBMAZREFIF S E E
Fig.3 Schematic diagram of the mechanical analysis for robot under
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Fig. 5 Dynamic simulation settings
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Tab.1 Different simulation condition codes
%5 Code JEE ML ZEA Types of pressing mechanisms YRS Types of wheel grooves J& % JJ Pressing force F,,/N

£/ 1 Condition 1 [ 1% 5 Rigid pressing W 3H 41 Common wheel groove 15

242 Condition 2 I % % Rigid pressing S 58 H% Common wheel groove 30

2143 Condition 3 W% 5 Rigid pressing W #8 A Common wheel groove 45

21 4 Condition 4 F14: R % Elastic pressing W #5 A% Common wheel groove 15

245 Condition 5 i i X Elastic pressing i 481 Common wheel groove 30

244} 6 Condition 6 ik Elastic pressing Hrif 4818 Common wheel groove 45

%147 Condition 7 HL% X Elastic pressing P Improved wheel groove 15

2%14F 8 Condition 8 ik i Elastic pressing Y58 Tmproved wheel groove 30

219 Condition 9 Ji14: R % Elastic pressing P UE A Improved wheel groove 45
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2 2 2
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Fig. 6 Z-direction swing displacement of the robot under different compression forces and press-fitting structures
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Fig.7 Z-direction swing displacement of the robot under different compression forces and wheel groove conditions
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Fig. 8 Test setup for wind-induced swing of the robot
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Tab.2 Codes for different test conditions

%% Code

JEEHLF 2 Types of pressing mechanisms

A Types of wheel grooves J£% J) Pressing force F, /N

41410 Condition 10 1 1% % Rigid pressing

211 Condition 11 ik JE % Elastic pressing

24112 Condition 12 #1415 % Elastic pressing

Him 48 Common wheel groove 45
3 484l Common wheel groove 45
M EFE A Improved wheel groove 45
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Fig. 10 Swing angle of the robot under different wheel groove

conditions
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Wind-resistance performance optimization design of a line inspection robot based
on elastic pressing and improved wheel grooves

HE Yuling' PANG Ziwang' DAI Derui' LIU Zhenhua' CHEN Yufeng' ZHENG Hai' JI Yanpeng’
(1. Hebei Engineering Research Center for Advanced Manufacturing & Intelligent Operation and Maintenance of Electric Power
Machinery, North China Electric Power University, Baoding 071003, China)

(2. Electric Power Research Institute, State Grid Hebei Electric Power Co., Ltd., Shijiazhuang 050000, China)

Abstract: To address the insufficient stability of high-altitude line inspection robots under wind loads, this study proposes
optimization strategies involving a novel elastic pressing mechanism and an improved wheel groove, which can effectively
enhance their walking stability. A power transmission and distribution line inspection robot with dual-mode switching (flight
and walking) capabilities was developed. Firstly, a dynamic model of the robot under wind loads was established, and the
relationship between the swing decay time and clamping force, contact area, and friction coefficient was derived. Secondly,
dynamic simulations were conducted to verify the performance advantages of the two optimization strategies in suppressing
swings. Finally, outdoor wind swing tests were performed to validate the effect of structural improvements. The results show
that the elastic pressing mechanism can effectively increase the contact area between the pressing wheel and the line, and the
improved wheel groove can enhance the friction coefficient of the walking wheel; both significantly shorten the robot’s swing
decay time and improve its inspection stability in wind load disturbance environments. The effective technical support and
engineering practice basis for the stable operation of high-altitude line inspection robots in complex environments were
provided.

Key words: Line inspection robot; Wind load; Elastic pressing mechanism; Improved wheel groove; Oscillation decay
time
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