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Abstract

This paper mainly designs the structure of the robotic arm of the tree spraying machine. This
structure is mainly composed of the bottom trolley, the connecting transmission part, and the
drive control system to realize the tree spraying work. Three sizes of large, medium and small ro-
botic arms and the bottom trolley are designed. The modal analysis and optimization of the bot-
tom frame were carried out, and the first four-order natural frequencies and corresponding mode
shapes were obtained before and after the frame optimization. After optimization, the natural
frequency of the frame is much lower than the working frequency of the frame, which avoids
damage to the structure of the frame due to resonance during the working process. The optimal
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design and finite element analysis of the bottom frame were carried out by using finite element
software, and its displacement and stress distribution were obtained. The force of the optimized
frame is reduced by 1140.4 MPa compared with the original structure.
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Figure 1. The whole assembly drawing of the robotic
arm of the tree spraying machine
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Figure 2. Finite element model of the bottom frame
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Table 1. Comparison of the material properties of 7075 aluminum alloy and 2A12 aluminum alloy

= 1. 7075 8845 2A12 B A &R REEL AR

L4 Fx %5 1 [ (kg/m?®) M 2/(GPa) AL Jit IR 5 /(MPa)
2A12 2780 72 0.33 345
7075 2810 72 0.33 505
3.3. ik otr

HIH ANSYS Ffinf s K TIN5 A BROTBEYHEAT 20 M, 25 18 42 SRS B AR IR vh R 20 PR AN 3
r IGO0, 73 S RS R RO O S5 A HEAT A IR TT 7, Xk 22 2R Ot [ 5 i 20 R, % 53— B i i 3600
N BT, R WIS S HEAT TH5E . A 3 P, SRR T AR SZ I iR K8 /08 10,117 MPa, i =
PRT UL 1 25 ) 193 3 057 52 2 A L 7 BRAE /N, BT RAKTZ B 70 AT IR Ve v, 25 R 22 2 o O AR A9, 0
A JE I EHREAT AT BRI /0T, Bk Ja 45 MR 52 1 5 KN 710 8976.6 MPa, AR %4 RECKT 10,
I 4 PR, X R RSG5 I a AT AR M, R EE S SR AT, SR A5 R K AR Dy 4.3521 mm,
IR YU JE SR iR KA A 0 4.897 mm, WE ZEERAR DN, ERAE SCVEVE I A o 3 AT A S B %
PR, B AR R B AR, DRAEATURRE Y 5 B MM 2 i 38 5K

.
©
0.00 400.00 800.00 (mm) 0.00 450.00 900.00 (mm)
—
200.00 600.00 225.00 675.00

@) (b)

Figure 3. Finite element stress analysis of the bottom frame. (a) Stress cloud diagram of the original structure; (b) Improved
stress cloud map
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Figure 4. Displacement analysis of the bottom frame. (a) The original structural displacement cloud map; (b) Improved dis-
placement cloud map
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Table 2. Optimize the natural frequencies of the front four orders of the front bottom frame
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Figure 5. The first four-step mode shape of the frame at the bottom of the original structure. (a) First-order mode shape; (b)
Second-order mode shape; (c) Third-order mode mode shape; (d) Fourth-order mode shape
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Figure 6. The front four-step mode of the improved rear bottom frame. (a) First-order mode shape; (b) Second-order mode
shape; (c) Third-order mode shape; (d) Fourth-order mode shape
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Table 3. Optimized rear bottom frame front four-step natural frequencies
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