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Lightweight design method for the cross arm of photovoltaic panels cleaning device
YANG Shigiang, HOU Yuqing
(School of Mechanical and Precision Instrument Engineering, Xi’an University of Technology, Xi’an 710048, China)
Abstract: The photovoltaic power generation is an emerging energy technology. The surface
cleanliness of photovoltaic panels has important impact on its power generation efficiency. A new
kind of cleaning device for photovoltaic panel is developed for keeping the surface of the photovol-
taic panel clean to improve the power generation efficiency, with the overall design scheme given.
The prototype machine which has been installed and debugging completed shows that it is over-
weight. The lightweight design for the beam of cleaning device is necessary. Therefore, the to-
pology optimization calculation for the cross arm is carried out, and three kinds of lightweight op-
timization schemes are presented. The mechanical properties of each scheme are analyzed, with
the optimal scheme selected. The modal parameters, such as inherent frequency and modal
shape, are compared between the optimal scheme and the original scheme. The theoretical basis
is provided for further optimization of the cleaning device.
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Fig. 1 Schematic diagram of photovoltaic

panel cleaning device
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Fig.2 Schematic diagram of beam
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Fig. 3 Constraints and load diagram
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Fig. 4 The removable area and reservation area
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Fig. 6 Graph comparison of maximum displacement,

maximum stress and mass of each scheme
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Fig. 7 Total displacement and stress cloud diagram of

the scheme one
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Fig. 9 Stress cloud diagram of the scheme one with torsion
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Fig. 11 First six mode shape of the beam of the

original scheme
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Fig. 12  First six mode shape of the beam of the
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Tab. 1 Effective modal mass in each direction of the beam of the original scheme
H BT In) 1 By 2 By 3B 4 By 5 By 6 B
X 0.474 989 3.28X10°°¢ 0.112 368 9.20Xx10 *® 7.70X10 * 4.10x1077
Y 2.44X10°7 3.01x10* 1.09X10 2 2.84x10 1" 2.96x10° 2.62x10°
VA 3.63xX10°°¢ 0.452 801 2.05X1077 0.142 935 6.87 X107 5.69X102
R, 0.692 327 85 965 1.60X102 6 134.05 1.93X10°2 1 355. 86
R, 525. 495 91.918 2 635. 257 29.189 6 6.465 61 11.452 3
R. 86 049.9 5.335 91 4 754. 68 23.298 3 1 829. 23 0.561 37
F 2 MR %07 I A RO A I
Tab. 2 Effective modal mass in each direction of the beam of the scheme one
B |1 BE T 0] 1By 2 B 3 B 4 B 5 Bir 6 Bir
X 0. 400 876 2.22X10° 0.136 492 6.53X10 ¢ 5.81X10 2 7.08X10°
Y 1.08Xx10 8 9.44X107° 8.05X10 8 7.42X10* 9.52X10 ¢ 1.64X107°
A 1.88X10° 0.432 582 2.42X10°°¢ 0. 144 248 1.07 X103 3.93X10°°
R, 2. 849 05 65 720. 4 0.195 334 5 188.72 24.611 9 779. 354
R, 458. 905 74.935 9 404. 474 24. 485 8.669 61 0. 842 475
R. 61 389 9.404 11 7 792.15 16.435 1 1326.71 115. 106
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Tab.3 Mode comparison between the original scheme and the scheme one
B2 B B 1 2 3 4 5 6
iy % B %/ (Hz) 31. 848 33.197 146. 97 168. 59 348.73 481.9
o L XA Lzam  SHas SH4s SH4A wH4s
gy WE/(Hz) 28. 685 33.894 68. 354 118. 54 203.19 252.59
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