W43 e 2 M xR % W Vol. 43 No. 8
2022 4F- 8 H Chinese Journal of Scientific Instrument Aug. 2022

DOLI: 10. 19650/]j. cnki. ¢jsi. J2209447

2R NE TR B A A R TE AL 28 N R3O 45 1%
SREMSESTITHR

i,:}z. $]'2’3 ’ % ,1%1,2,3

(1. BB T RFENE TREERE B 650504; 2. Zr A L SR MRS R ARESLRE B 650504,
3. nEA SRR R TR L BB 650500)

N TRTECYLER N T E SR E M I = H T RE R I AE F7 . BB EHLER N RE IS shid B IR 3 S5 sh J1 2 &
FRPEIVE AR SCIRTHRIVE T —Fh & 2R B AR ZE LR A o SE T WIZERE G TR SR R MR 5 2 e ARiE sl 2= e R

FUFRBIAE B H R BLE T ZECHLES AN Bh 1280 i, HESAR RSN 3h 1 A R B A B AL il ad B AT Bl is AT AR R %

TEOLT 3 PR3 sl st 18] b el A ML 2 AIRIE K 35% , 20 #ir 5 21— 2 Y 1B P B TC ML 25 A Rk ot et 15 W% I A el i A o

B0 i R AT B 1 2E R G TR B AR B I LER A SRS, Sl AR ALSE R & T AL N ke h S AR Z o Bt E S S

WE R EYE, BT R NE LR N A BR Sh4 i S w5 TR Ny B9 5 JE At

KR ZCHLER N SRR NI R & 8l 2 s iR sl

FESES . THI13 XEARIZAES . A EXRREFERSERE. 460. 15

Research on vibration characteristics and stability of
climbing robot with flexible adsorption material

Wang Xuejun'"** | Zhang Fan'?"

(1. School of Electrical andMechanical Engineering, Kunming University of Science and Technology ,Kunming 650504, China;
2. Yunnan Provincial Key Laboratory of Advanced Equipment Intelligent Manufacturing Technology, Kunming 650504, China;
3. Yunnan Advanced Equipment Intelligent Maintenance Engineering Research Center School of Mechanical and Electrical

Engineering, Kunming 650500, China)

Abstract: By improving the wall motion stability of the climbing robot, its engineering application ability could be enhanced. Aiming at
the coupling characteristics of vibration and dynamics in the process of wall motion of the climbing robot, a climbing robot with flexible
adsorption material is designed and fabricated in this article. Based on the rigid-flexible coupling principle, the kinematic recurrence
relation between the rigid body and the flexible body is obtained. And the dynamic equation of the climbing robot is established by using
the Lagrangian principle. A mathematical model of the degree of coupling of reaction kinetics is formulated. Through simulation analysis,
it is found that the amplitude of the robot decreases by 35% by adjusting the ratio of acceleration and deceleration time under the same
displacement during operation. The analysis shows that the rigid mass of the climbing robot and the elastic modulus of the adsorbent
material increase within a certain range, and the degree of dynamic coupling reduces the climbing robot vibration response. Through the
prototype experiment, the load capacity of the climbing robot and the stability of vacuum and flow in different movement stages are
measured. The research provides the foundation for the driving control strategy and engineering application of the climbing robot.

Keywords : climbing robot; flexible adsorption material ; rigid-flexible coupling dynamics; vibration characteristics
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Fig. 2 Structure diagram of the climbing robot
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Fig.3 Schematic diagram of flexible adsorption material
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Fig.4 Motion diagram of adjacent rigid body and flexible body
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Fig.5 Schematic diagram of the rigid system of the

climbing robot
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Fig.7 Co-simulation of climbing robot
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Fig. 12 Change of vacuum degree and flow rate of

climbing robot
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