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Design and experimental research on the rocker arm walking mechanism of the wheeled inspection robot for

the main transportation roadway of coal mines
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YANG Jiao', GE Shirong’
(1. School of Mechanical and Electrical Engineering, China University of Mining and Technology, Xuzhou 221116,
China; 2. School of Mechanical and Electrical Engineering, China University of Mining and Technology-Beijing,
Beijing 100083, China)

Abstract: Currently, inspection robots for main transport roadway belt conveyors primarily employ a
suspended track-based inspection method. However, this approach cannot inspect equipment located in lower or
obstructed positions, making it difficult to meet the comprehensive inspection requirements for underground
roadways and equipment. A rocker arm walking mechanism for a wheeled inspection robot was designed to
complement track-based inspection robots, fulfilling the need for comprehensive inspections. The system structure
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of the wheeled inspection robot was determined, with a focus on analyzing its walking system. Quantitative
models for three walking mechanisms—crawler, wheeled-crawler, and rocker arm—were established. The Delphi
method and network analysis were employed for a comprehensive performance evaluation of the walking
mechanisms. The results demonstrated that the robot’s mobile chassis, based on the rocker arm walking
mechanism, had the best adaptability for walking in the underground roadway environment. Static performance
analysis of the key component, the inverted V-link, in the rocker arm walking mechanism revealed that the
inverted V-link met the strength and stiffness requirements for three typical working conditions in coal mines:
full-load ramp, emergency turning, and emergency braking. Considering the terrain features of the main transport
roadway and the environment of the transport equipment in coal mines, simulated inspection experiments were
conducted in a laboratory roadway. The results showed that the rocker arm wheeled inspection robot exhibited

excellent environmental adaptability during walking tests on ramps, steps, and channels, fulfilling the inspection

needs for underground roadways and their main equipment in coal mines.

Key words: main transport roadway; wheeled inspection robot; roadway inspection; rocker arm walking

mechanism; crawler walking mechanism; wheeled-crawler walking mechanism; inverted V-link
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Fig. 1  All-round inspection in underground roadways
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Fig. 2 Layout of coal mine underground roadway
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Fig.3  On-site environment site of main transport roadway
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Fig. 5 Structure of wheeled inspection robot
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Fig. 7 Limit position of crawler walking system climbing a single-

step stair
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Table 1 Comparison of advantages and disadvantages of common

comprehensive evaluation methods
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Table 3 Quantified explosion-proof difficulty levels for three

walking systems
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Fig. 12 Comprehensive performance evaluation of

walking system

D fERE I ERITE . RS REMIMERSF
>4 900 mmx600 mmx800 mm, A HEHEH I T 9 FE Ik
WERHIATERR I HEAS (L 2.

2) B xE Sy BT . B OME S AN LS 1T
USRS L SIHLECRARSS, I SHLaR N A SR (K 3D,

3) AEEE R . 1TE RGR AT SENE S K Sl
R B AL e BEAR (R 4)

PN 9 45 N 3R = 18] B AT TR e d 5 5 %, 7 AR 1
25 3 BT IEAT R E 38 52 LA L . 3 )=
WEER AN E I RGO N Z A2, AR
MR Ao, HAS R Z MAFTEIE N &R . 1R

4 3IMITERG AR LE

Table 4 Reliability quantization values for three walking systems
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Table 7 Final evaluation criteria for three walking systems
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Fig. 16 Boundary conditions and load settings for the link under

ramp full-load condition
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Fig. 17 Stress and displacement cloud maps of the link under ramp

full-load condition
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Fig. 18 Boundary conditions and load settings for the link under

emergency turning condition
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Fig. 19 Stress and displacement cloud maps of the link under

emergency turning condition
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Fig. 20 Boundary conditions and load settings for the link under

emergency braking condition
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Fig. 21  Stress and displacement cloud maps of the link under

emergency braking condition
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Fig. 22 Inspection robot single-step stair test
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Fig. 23 Centroid height detection of inspection robot traversing a
single step
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Fig. 24 Walking ability test of inspection robot crossing a channel
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Fig. 25 Centroid height detection of inspection robot crossing

a channel
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Fig. 26 On-site test of the inspection robot on ramps
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Fig. 27 Current variation curve of front and rear motors during
ramp climbing
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