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Figure 1 Panax Notoginseng lightweight transplanting
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Figure 2 Geometric model of transplanting frame
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Table 1 Material parameters of 45Mn carbon steel
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Table 2 Load values in finite element analysis
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Figure 3 Processing of dynamic load boundary conditions for

transplanting frames
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Figure 4  Stress and deformation distribution diagram of full

load bending conditions

FEWE B TOUT AR R 1 5 4 A an &l 5(a)
NI S/ TR g RA R TN By SRR N 3 S A
237.57 MPa, i T 47 0 3= 32 5547 Fir %6 1 L HE AR 5S4 .
e R AN 5(b) s, B e KA A% R 11. 599 mm, fi7
T AT B SRS R SR AR AR AL
2.3 BHUNEZEBREHSBENKRE

SR FH 3 56 560 F A IR o0 A5 A8 28 A i fon A 20 B ARk AR ik
BB o AR A R BE B A R R R 9 2 B R
5 fr \DCS—100A B4 R 4R 214 F1 PCD — 300B %45 43
BT ASOXT B340 320 47 s 2 R Ak 2

TEA FRIC o i S5m0 1 SRS 0 b DA 4 48
H Y 55 S PR 25 4 56 T N T 43 A AR Ak HE R P L S ECT
— 4t I g AR A B Ry S Y S A AR R S H 3
(A B, T R B 12 AN A A, A SR I A



54 B RE AL AR L2 A 2 4 (R IS0

2024 4

AU 6 B o ARG A5 OR R R 3, Wk T
BB b 124 W A 3 56 R AT BR T M (B BRI
AR X HE 45 2R 7 BR 1 0 A5 10 T 12 F9 AR X 5 22 ik
2096 Hb, HoA I 3 B9 FE X iR 22 9 7E 2000 AN o X ik —
APUEW] T BT R B9 AT BROGAE 1L (4 1] Ak L 29 R A f o | 3K
A £ 087 Ak LA B b B3 75 9 A TE A A S Y
BUAE 5 B ) (A7 7 i 22 1 LD O - (1) 30 5 4% 1R R g
Y M Sz e S B D0 5 (2) 280 A it i A in 28 2% 1 T g
55 S BRI R 0 AR AT A 22 S

(a) BLJ3 7370 1

(b) 2SI oA
Es5 #BHEHEIATEAEEESHE

Figure 5 Stress and deformation distribution diagram under full
load torsion conditions
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Table 3 Contrast between results of static strain test and
ANSYS analysis
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Figure 7 First 8 order model vibration shape of transport plane frame



56 B RE AL AR L2 A 2 4 (R IS0

2024 4%

AR SR FH 25 43 5S4 Sy JE A, E 1T AT RS
g3 B DA PEAS 2 5 8 o i ] Block Lanczos 125 £ HX
TEIRAE A R T RIS S8, Bk B R R 0 1Y
I R A 25 T 2 B B A T 8 B A2 PR i o A 4
ARSI AE W R AR

T4 FEREMPISMESMESR

Table 4 Modal frequency of frame structure

R %4 Wi £/ Hz 5 R F
1 16.085 B oE e WA iR Sh
2 17.597 5 IR 3)

3 29.554 Zea IRl
4 40.022 TR AR B
5 42.237 28 2 i th R 2l
6 55.044 AR

7 70.228 S PR 3h
8 77.446 BHIH AR

1B 56 (1R 4 R S WL R 1R 4 B sl = ZE >, A
W T2 A% 5 & LA 46 o L U 08 Pl ML S RS AR ML 1Y
S T ALY A R A AT B A RO T A
(4 S . B AR WL il 2 33984 -

1) 38 % 2% T AS T3 3 A1 057 B8 Sl

2) TR 2 S H 5 S04 3 R G i

3) AT B R G 1) e B R A 04 e B AN 7 Al 5 R Y
AN

Xof T3 I Rl AR — /N T 3 He, ZE 58 R 7 Al
5|6 (4 3 il — At /N 5 Hz ™Y

R 25 S 1) 43 BT 245 5 mT 0, 25 B 00 i = B 1 ik 3h
B Rk 16. 085~29. 554 Hz Z [b] , 5 B 4k HL7E 1 17 3
o AR ] B AZ Y S BB R BEAT TR L. A Ak
T TR L ] BE P B AR 5 A A R A SR R X
(], DT S 2 4 T T 4R R A S BRI o i AR PR
2,

3 BERUMERHAIMEMLIRIT

SR DIE A R A AR R TSR R 24 SR A% P Y T R
& R EE R RYR ST R A (A A A A
AE HEEE A S D TGS B BRI . A e 32 B AR LA
LRI

D) RSHOEAE - ROF e Al 2 8 i i 5 254 B9 ROk =
Bl B2 0 BT RS B Y R AR ) R A B R A i
L b R AR A e E

2) JEARAEAL AR A S i o o 22 45 44 1) JL AT JE
AR LA EEHIALE ) 2 PR RE (AR g oA W2 25 ) R H Al

PERERR A5 (A0S PR RE AL ACBE 0 2% ) IR B B

3) MORHILAL - BRI A 2 38 3k 8 5 A A R A
B 15 52 A BB A AE AV REFRAS B 3K B B R

4) I AMIEAL < 30 AL AR — 5 23 1] X (R 2R
S5 R EGE SR ) N TR AR A B A B — R AL AL 5
HLERAEAR R HH B T ORE B W
TE BT 23 (8] A #5119 23 A 2 5l 45 4 1) e 4 4% )
2, DA Ao 5 A B JE 26 1 B sl A 45 A ) B

AL A B4 BE S S Al 32 B9 Kb R S i S AR
538 R T A RO BT (FEA) RPEUE AL AL R
W AMEAL 8 2O A AR B AT vk R I it
ZER AL 3% (ESO) K48 5 3 WA K ] 22 98 L IR %
(MMV) %5 o AR SCR JH A2 %% B2 5 8 5L B R AL TE # ) 2
WA T LR o 1F 45 2 10 280 RO B 1 5 2% 1
T, RS F U A AR FR 29 AR S DL A ) A BRI K, DASS
Fay B R T 4 fe /AR R A AL B 2 A ML e
A B ] AL s R I 8 B

T

| st |

| X Hwmzf |

—— BB (FEA) |

| ety |

e
Y
ETZ T
Es fmibERE
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Figure 10 New frame structure optimization scheme
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Table 5 Comparison of main parameters before and after price
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Figure 11  Equivalent stress and displacement of improved frame
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Finite element analysis and topology optimization

design of lightweight Panax Notoginseng

transplanting machine frame

MA Yao', SU Wei'", LAI Qinghui®*, ZHANG Xian', YU Qingxu®, WAN Yuan'

(1. Faculty of Modern Agricultural Engineering , Kunming University of Science and Technology, Kunming

650500, China; 2. Faculty of Energy and Environmental Sciences, Yunnan Normal University, Kunming 650091,

China; 3. Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing
210014, China)

Abstract: Panax Notoginseng is one of the most extensively cultivated and utilized bulk medicinal materials in China, and

Yunnan Province is the main producing area for Panax Notoginseng in the country. Due to the influence of terrain and

agronomic requirements, traditional agricultural machinery faces difficulties in entering the planting areas for operation,
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resulting in the current manual operation of Panax Notoginseng transplantation. Therefore, the development of a Panax
Notoginseng transplanting machine is crucial for promoting the industrialization of Panax Notoginseng. As the crucial load-
bearing structure of the transplanting machine, the frame significantly affects the overall performance of the vehicle. This
paper focuses on the structural analysis of the transplanting machine frame, aiming to improve the performance of the frame
and the entire vehicle, and provide theoretical basis for frame structural design. A three-dimensional model of the frame is
established using SolidWorks software and imported into ANSYS software for static finite element analysis. After
determining the relative error range between the stress values obtained from static electrical tests and experimental stress
values, the dynamic loading performance of the frame under different working conditions and the modal vibration deformation
analysis of the first eight modes are conducted. The analysis results indicate that the frame exhibits good strength
performance, but significant deformation occurs at the seat position, indicating insufficient stiffness of the structure. Topology
optimization is employed to optimize the frame design, aiming to reduce frame deformation while ensuring reasonable stress
distribution. By altering the arrangement of diagonal brace brackets, the goal of reducing deformation is achieved. According
to the optimization design results, the total mass of the frame increases by 8.739% , while the deformation is reduced by
88.268% , and the maximum stress is decreased by 11.693%. The improved frame exhibits reduced maximum stress and
significantly improved deformation, demonstrating the applicability of finite element method and topology optimization
technology in guiding the structural design of transplanting machine frames.

Keywords: Panax Notoginseng; transplanting machine; frame; finite element; optimization design; modal analysis



