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Adhesion Force of the Modular Permanent Magnet Wheel-leg according
to the Posture of a Wall Climbing Drone
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Improving battery performance is crucial for increasing drone flight time. However, developing individual parts can also
enhance mission performance and extend operating time. By attaching a drone to a wall instead of hovering in the air, the
operating time and range of task performance can be extended. This study focuses on the adhesion force of a modular
permanent magnet wheel leg for wall climbing drones. The wheel leg comprised several spokes without a rim. It could
climb obstacles higher than wheel radius and provide a large adhesion area. An equation for the adhesion force of the
wheel leg was derived, considering mechanical factors such as drone size, inclination of the ferromagnetic wall, and drone
posture. A simple experimental model was created to verify the validity of the adhesive force equation. The effectiveness of
the derived equation was confirmed by experimentally measuring the angle of the ferromagnetic wall that losT adhesion
according to mechanical factors and comparing it with the derived adhesion force.
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NOMENCLATURE M, o, M3 4 = Moment based on Eqgs. (4)-(7)
n = Number of Spokes

b = Distance between PW; and PW, PW,, PW,, PW, = Left, Right and Rear Wheel Leg with PM
d, = Distance between the Normal Force and the . = Normal Force of the Wheel Leg

Center of the First PM on the TPU Sheet R = Length of Wheel-leg Spoke
dy = Diameter of the PM s = The Middle Point between PW, and PW,
h = Height of the Mass Center from the Wall T = Torque to Roll the Wheel Leg
F,; = Detaching or Normal Force of the PM from w = Weight

the Wall m = Static Friction Coefficient
F, = Adhesion Force of the PM 6 = Angle between X axis and the Drone
g = Mass Center of the Drone Heading
L (b) = Horizontal Distance between Mass Center a, = Inclination Angle of the Wall

and the Front (Rear) Wheels BT = Measured and Theoretical Quantity
M,, M. = Yand Z - axis Moment min, max =  Minimum and Maximum Quantity
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Fig. 2 Wheel-leg and its climbing mechanism
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Fig. 3 Free body diagram of the wall-climbing drone
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Fig. 4 Required magnetic force for attachment

Table 1 Parameters to calculate the required magnetic force

Para. Value [m] Para. Value
b 0.08 r 0.02 [m]
h 0.04 w 6.01 [N]

L, 0.09, 0.01 s 0.62
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Fig. 6 Measurement of the wheel-leg’s magnetic force

Table 2 Parameters of the wheel-leg

F, [N] d,y [mm] Fq[N] dy [mm]

14.11 15 3.44 29.8

Fig. 7 Test model for wall detachment experiment
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Fig. 8 Experiments to measure parameters of the test model
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Table 3 Experimental results of detach conditions
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