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Analysis of New Vacuum Caterpillar Structure Drive System for Solar
Panel Cleaning Robot
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In this paper, we studied a new vacuum caterpillar drive system that can be used for solar panel cleaning robots. The
conventional vacuum caterpillar structure has an issue, in that the vacuum hose becomes twisted. As a result, we designed
a new vacuum caterpillar structure with no vacuum hose kinks. Also, we verified that no issues concerning flow analysis
exist with this new system. We found that this system with the proposed vacuum caterpillar structure has an appropriate
performance as a solar panel cleaning robot for practical use.
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Solar Panel

Cleaning Robot

Fig. 1 A cleaning robot for a solar panel with a new vacuum
caterpillar structure
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Fig. 2 Tangled vacuum hoses of conventional vacuum caterpillar’
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Fig. 4 Fixed vacuum hoses of new vacuum caterpillar structure
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Fig. 5 Caterpillar with fixed vacuum line system
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Fig. 8 The rotation method using the difference in speed of the
caterpillar cannot be used with the vacuum pad caterpillar
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because the vacuum pad must slide on the solar panel

Fig. 9 Another rotating device added to the robot body part
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Fig. 10 Force calculation according to solar panel condition

Table 1 Vacuum pad model

Mo Dimer Lo
VF30 32 1.12
VF40 42 1.53
VF50 53 2.44
VF75 77 6.12

Table 2 Number of vacuum pads to attach to the solar panel
according to force calculation

Number of vacuum pads

Model to attach to the solar panel
VF30 12

VF40

VF50

VF75
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Fig. 11 Length conditions to consider when placing a vacuum pad
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Fig. 12 Vacuum pad loses power during operation

Table 3 Number of vacuum pads to be attached to solar panel
considering length condition

Number of vacuum pads to  Number of vacuum pads to

Model attach to the solar panel attach to the solar panel
(both side) (one side)

VF30 16 8

VF40 16 8

VF50 8 4

VF75 6 3
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Fig. 13 Difference when the vacuum hose spacing is larger than the
vacuum pad diameter or smaller

Table 4 The number and interval of the check valves used for the
suction plate of the one side caterpillar by the vacuum pad

model
Interval of check valve ~ Number of check valves
Model . .
(mm) used in one caterpillar

VF30 20 20

VF40 30 13

VF50 41

VF75 65 6
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Table 5 Comparison by vacuum pad model

Total vacuum pad volume Total check valve weight

Model used in the robot used in robot
(em?) (®
VF30 64 400
VF40 153.6 260
VF50 160 180 Fig. 14 The € may cause the vacuum pads to come into contact
VET5 240 120 with the smoother on the solar panel or cause no smooth

contact

Table 6 Fitness score of comparison by vacuum pad model

Fitness score of total Fitness score of total

. Total fi
Model  vacuum pad volume  check valve weight Otzcof:ess

used in the robot used in robot
VF30 1 3.333 4333
VF40 24 2.166 4.566 i" ' . -
e
VFS0 23 13 4 Solar Panel
VF75 3.75
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Fig. 16 Check valve connection

Table 7 Design results

Number of vacuum pads adsorbed to solar panel 4
Diameter of vacuum pad 53 mm (VF50)
Absorption angle of vacuum pad 16°
Diameter of suction plate holes 3 mm
The interval between the suction plate holes 41 mm
Number of check valves used in one caterpillar 9
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Table 8 Case study of travelling time
Times (s) 0.015 0.15 1.5

Pressure (kPa) 823 823 823

Table 9 Case study of suction plate hole diameter A

Diameters of A (mm) 3 6 9
Diameters of B (mm) 3 3 3
Pressure (kPa) 82.3 93.5 99.6
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Fig. 21 Cross section result of case study of travelling time
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Fig. 22 Result of case study of suction plate hole diameter
variations on A and B
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Fig. 23 Result of case study of increased suction plate hole diameter
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Table 10 Case study of suction plate hole diameter A with B

Diameters of A (mm) 3 6 9
Diameters of B (mm) 3 6 9
Pressure (kPa) 82.3 82.9 82.4
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