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Abstract: Addressing the challenge in optimizing the adhesion performance of wall-climbing ro-
bots based on negative pressure adhesion method due to the complexity of internal flow fields and dif-
ficulties in precise modeling, a flow field modeling method was proposed based on flow rate conserva-
tion. According to the structural characteristics of negative pressure adhesion systems of a wall-climb-
ing robot, mathematical models of airflow field in negative pressure adhesion systems were built by
combining the laws of thermodynamics and N-S equations using air flow rate as the related factor.
Then, key influencing factors of adhesion performance were identified based on the model: sealing
ring width, leakage gap height, and centrifugal pump power. The effective adhesion forces were chan-
ging with airflow of adhesion systems. Results of the simulation and prototype experiments show that
the models constructed herein may accurately reflect the changing rules of adhesion performance, and
may provide evidences for the optimization of adhesion performance of wall climbing robots with nega-
tive pressure adhesion method. Finally, according to the movement characteristics of the wall-climb-
ing robots, adsorption performance optimization strategy was increasing the rated adsorption force to
self gravity ratio while decreasing the effective adsorption force to self gravity ratio.
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Fig.1 Prototype of negative-pressure adhesion

wall-climbing robot
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Tab.1 Main technical parameters of the robot prototype
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Fig.2 The structure and adhesion principle of

negative-pressure adhesion system
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Fig.3 Flow field state of the negative-pressure

adhesion system
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Tab.2 Relevant parameters used in simulation analysis
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Fig.6 Relationship between sealing ring width and

air leakage amount
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wall-climbing robot
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Tab.3 Parameter settings in simulation analysis and

the results

- JMZE%%I“? % B KU/ | W
FIEH /mm | SEE B/mm (rad » s 1) J1/N
I-1 2 0 3000 15.4
1-2 2 0 5000 41.7
1-3 2 0 8000 108
-1 1 0 1047 5.8
-2 1 0 3000 48.3
-3 1 0 5000 137
-1 2 10 5000 44
V-1 1 0 1885 43.8
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Fig.9 Internal pressure distribution of negative-pressure
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Fig.10 Internal pressure distribution of negative-pressure
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Tab.4 Parameter settings of prototype testing and

the results
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