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Design principles and experiments of flexible track—type

environmental inspection robot

CAO Xiangang, XU Gang, WU Xudong, LIU Siying, LI Ying
(School of Mechanical Engineering ,Xi’ an University of Science and Technology ,Xi’ an 710054, China )
Abstract ; Aiming at the key technology problems of three—dimensional environment reconstruction and non—structural environmental move-
ment trajectory planning,a fixed flexible track type suspension inspection robot platform is designed for the movement of special inspection
robot in coal mine. The body structure of explosion—proof multi—wheel suspended inspection robot is designed by the idea of modulariza-
tion. The driving capability of the robot on a flexible track is analyzed by a theoretical calculation,a multi—wheel traction mathematical
model is established,and a specific driving capability parameter of a horizontal flexible track and a given climbing angle track is obtained
according to a multi—wheel traction mathematical model. According to the acquired driving capability parameters,the double—wheel doub-
le—drive robot walking mode is selected. The experiments of a simulation carried out on the installation mode of the foreign—side drive
module ,and of a physical experiment carried out on the installation mode of the same—side foreign shaft and the foreign—side foreign—shaft
drive module show that the walking mode of double—wheel double—drive can guarantee the good horizontal walking ability and climbing a-
bility ,in which, the slope angle of the robot under the self—weight of 20 kg can reach 25 degrees ; the maximum swing angle of the mounting
robot of the different—side foreign—shaft driving module mounting robot in the moving direction is measured to be 2 degrees,but the same—
side foreign—shaft driving module is measured to be 5.82 degrees. The swing of the robot fuselage can be reduced by installing the drive
module on the opposite side of the double wheel and double drive,but the swing of the fuselage can not be eliminated by the installation

mode of the opposite side and the other side of the robot fuselage. In addition to the basic inspection function,the robot can improve the a-
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daptability of unstructured underground environment,improve the flexibility of underground layout and control , can reduce the investment of

track laying and recovery,and provide a new special patrol inspection platform for the coal mine environment.
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Fig.1  Overall structure of flexible track—type inspection robot
P2 B, Sl AR U BAES AT, S e
LT i S 7 e O B R s 1 5 147 T 4 [T T 9K s,
5 NI AL AL S A S Kl R 1 E T
RSl PSR T o SR TS T L PR B
G P Lz Bl 5 B | SR i [ A T
LT s LT MY 45 Py o 59 5 52 A6 5 L o R |
S PR E AL B 5 1) 5 SRR G | A 2 T B A [
O TR AR [ E Qi i e 22 T T2 45 3R

s Wk

X il i e 4

TS RS S
B2 kLM
Fig.2 Structure of drive module
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Fig.3 Internal functional module structure
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Fig.9 Two—wheel single—drive force
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Fig.13  Single wheel single drive force
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Table 1 Traction force of different traveling wheels and

driving wheels on horizontal track

BHR Wshie Wi, K 5|7

B/ A B/ A N N TETEE
1 1 42 156 1ErE
2 1 42 78 1A
2 2 21 78 ez
3 1 42 52 pezin
3 2 21 52 171
3 3 14 52 ez
4 1 42 39 A
4 2 21 39 e
4 3 14 39 ez
4 4 10.5 39 Jezin

®2 25°BFAETARITER RN
FE5| NEERR
Table 2 Existence of traction force of different walking

wheels and driving wheels at 25 °climbing angle

SRR Wshhed WA, MiEJ1 #2510

/A B/ N N fATEE
1 1 121.6 141.4 FETE
2 1 121.6 70.7 NHELE
2 2 60.8 70.7 fETE
3 1 121.6 47.1 AFHE
3 2 60.8 47.1 AIETE
3 3 40.5 47.1 TELE
4 1 121.6 35.3 A7
4 2 60.8 35.3 NAE
4 3 40.5 35.3 NG
4 4 30.4 35.3 TEAE
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Fig.19 Installation of different side and different shaft
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