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Abstract: Aiming at the difficulties of manual harvesting and the lack of mechanical harvesting of Yunnan understory
panax pseudoginseng (Panax pseudoginseng), a self—propelled understory panax pseudoginseng harvesting machine powered
by a 9.6 kW single—cylinder air—cooled diesel engine was designed, which mainly consists of an engine, a digging shovel,
and a lifting sieve, and so on. The force analysis and graphical method were used to analyze the digging shovel, and the
digging inclination angle of the shovel was determined to be 20 °, and the shovel length was 305 mm. The design
parameters of the lifting sieve were determined through design and calculation of the conveying and separating device, and

the linear speed of the lifting sieve was 1.2 m-s™

, the lifting inclination angle was 30°, and the amplitude of the shaking
wheel was 2 mm, the rotational speed was 200 r+min”', and the frequency of the shaking wheel was 10 Hz. Taking the
number of teeth of digging shovel, working speed, penetrating angle of digging shovel as the influencing factors, the to
simulate the size of the resistance of the digging shovel as the test index, the three factors and three levels orthogonal tests

were carried out using EDEM discrete element simulation software and analyzed using Design—expert. And the optimal

1
’

parameter combinations of the digging shovel are obtained that the number of shovel teeth is 6, the working speed is 0.8 m-s”

and the penetrating angle of the digging shovel is 25 °. The prototype of the harvester was developed and trial testing was

We#E B HA 1 2024—-04-02
BEEUH: = &4 T XAHEFH(202102AE090042) ; = i 4 B4 F 2R AL A& & =83 B (202206)
FE—1EE R EH(1970-), B, A4, 81308, A F R LA K EHF A, E-mail : 847433071@qq.com



%64 REHEF. AAXKT Z KR FENZIT 5 RE ~753—

carried out. The results showed that the prototype operation is stable, and the operational performance can satisfy the
preliminary design requirement of the harvester, the digging shovel has a better soil breaking performance, the harvester
has a lower root injury rate and lower loss, the harvesting productivity is 0.149 hm?-h™.
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Table 1 Agronomic parameters for planting panax notoginseng under forest

28 SR HfH
Parameter Range Average value
ZETH 5 Ridge top width /mm 980 ~ 1 300 1250
Z2)iE 5T Ridge bottom width /mm 1500~ 1820 1720

25 Ridge height /mm 250 ~ 300 270

17HE Row spacing /mm 101 ~ 191 149.6
FRIE Hill spacing /mm 115~ 151 135.2
=R Panax notoginseng root length /mm 78 ~ 210 131.5
=L R FE Panax notoginseng root width /mm 22 ~41 30.5

= LRI Panax notoginseng root depth /mm 113 ~ 148 132.1
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Table 2 Main parameters of Self-propelled forest

understory panax pseudoginseng harvester

24 YeIEN
Parametric Numerical value

AME RS (KX FEXE ) /mm
Overall dimensions (LXWxH)

RENHLIIZ W

2 100x800x1 400

9.6

Engine power
TAEIRTE/mm 200

L AT 2. FA 0 B 3. R B4 AT A Working width

1. Excavating device ;2. Conveying and separating device ;3. Engine;
4. Travelling wheels FZARIRE /mm 150 ~ 200

E1 MT=tWiRNsEH Digging depth

Figure 1 Structure of forest panax pseudoginseng ML kg 280

harvester Overall weight
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Figure 2 Digging shovel 3D model Figure 3 Structural parameters of digging shovel
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Sk Figure 5 Schematic diagram of force analysis of soil
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Figure 8 Discrete element model of soil particles
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Table 2 Simulation parameter

{/f H. 2% Simulation parameters ${H Value
3% Soil density /(kg+m™) 1330
- EBYYIREE Soil shear modulus /Pa 1.61x10°
FIEIAFA . Poisson’s ratio of soil 0.48
I 1R R EX Coefficient of recovery between soils 0.73
- 9 8] A4 BE 452 2R KX Coefficient of static friction between soils 0.98
A3 ()7 Bl EE 8 225U Rolling friction coefficient of soil 0.16
45 f% E Density of 45 steel /(kg+m™) 7855
45 F1IARS EL Poisson’s ratio of 45 steel 0.31
45 B85 U B Shear modulus 45 steel /Pa 8.27x10'°
45 5/ 5 A S3E R 7] 4 B 182 2280 Coefficient of static friction between 45 steel and soil particles 0.5
45895 4 UL (8] 3 BE 48 2 %X Coefficient of dynamic friction between 45 steel and soil particles 0.05
45995 - HEURL )R & R B Coefficient of recovery between 45 steel and soil particles 0.5
Tino0.200048s Tino1.20001 s Tino1.40011 s
Velocily (m/e) Velocily (m/s) Velocity (m/s)

9.05e-01 1.47e+00 1.38e+00

7.24e=01 1 18e+00 1.10e+00

5.43e-01 8.84e-01 8.25e-01

3.62e-01 5.89¢-01 5.50e-01

23 3.54 1300898
y=Ix vIx yZx
a FEHRE" AL b AZ 5" 5 c fEdRE" L+
Shovel entry into soil Movement of digging shovel Digging shovels out of the soil

B9 #EZHRFHTEIER

Figure 9 Simulation process diagram of digging shovel
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Table 3 Factors and levels of simulation experiments

K [K % Considerations
El ATEARG" 42 BTAEHE (m-s) CALAIC)
Number of teeth of shovel Working speed Angle of penetration
! 5 0.6 20
2 6 0.8 25
3 7 1 30

BEMKE N C>B>AIFH B.C AB A B> . C*XF [T 5 s ma il i 2%
R4 BEFHERRARSER

Table 4 Digging shovel simulation test plan and results

56 K 2 5 F8 45 Test factors and indicators

e L
Tejrﬁxgbcr AFIEL BTAE#EE/ (m-s™") CALAIC) FELJ)
Number of teeth of shovel Working speed Angle of penetration Resistances
1 5 0.6 25 807.9
2 7 0.6 25 788.1
3 5 1.0 25 772.3
4 7 1.0 25 800.8
5 5 0.8 20 785.5
6 7 0.8 20 773.3
7 5 0.8 30 815.1
8 7 0.8 30 823.2
9 6 0.6 20 787.1
10 6 1.0 20 771.5
11 6 0.6 30 816.6
12 6 1.0 30 814.0
13 6 0.8 25 736.3
14 6 0.8 25 739.2
15 6 0.8 25 731.8
16 6 0.8 25 739.3
17 6 0.8 25 735.3
x5 BEAEBPFRFESN
Table 5 Analysis of variance of resistance regression equation
Sk BH 77 Resistances
Source V- J7 Fl Square sum )75 Mean square F P

% Modelling 16 580.5 1842.28 187.17 <0.000 1

A 2.65 2.65 0.268 7 0.620 2

B 211.15 211.15 21.45 0.002 4

C 2 869.03 2 869.03 291.48 <0.000 1

AB 583.22 583.22 59.25 0.000 1

AC 103.02 103.02 10.47 0.014 3

BC 42.25 42.25 4.29 0.0770

A? 35252 3525.2 358.15 <0.000 1

B? 3 060.39 3 060.39 310.92 <0.000 1

C? 4 855.92 4 855.92 493.34 <0.000 1

2% Residual 68.9 9.84
JAUII Lack of fit 30.27 10.09 1.04 0.463 9
4li13% 2 Pure error 302.00 73.00
SSF Total 2.053x10°

3 p<0.01 (B3, %) ;0.01<p<0.05(B3E ,*%)
Note: p<0.01 (highly significant, ***); 0.01<p<0.05 (significant, **).
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Influence of the number of shovel teeth and working Effect of number of shovel teeth and penetrating Effect of working speed and penetrating angle
speed on resistance angle on resistance on resistance
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Figure 10 The influence of interaction of factors on resistance
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Figure 11 Prototype assembly Figure 12 Simulated field test
diagram
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(RIS 7 i N8 S = U 1 N N ot o VI ot N s w851 7 S S R
— A RERENLE L PR, R ALBLCAL G BIMLES AT HE S 0.8 m-s™' A 41 25 ° 42885 %k 6 Ttz
TR 1.2 mes™ FFEI4EHE 200 remin™ PE1 7 HHERREGHHE(E 12) . 3861285 300 mm, 225 1 200 mm .,
FEHLHLAL ISR =& , 3058 3 U0, BRI 504K, e it =-EHAR RO 2 5 05 R AR HLAY A= 7= %

FH 2% 6 T AT, ISR HAEHL T 3 B0 R0 R R, 3 RIS 45 R0 8 % 11.33% , (iR % 6.67% , 1 154
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Table 6 Harvesting test results

TiH YL Number of times SEFA

Item 1 2 3 Average value
#1253 Loss rate/% 12 8 14 11.33
it Root injury rate/ % 6 10 4 6.67

A 7= Productivity/ (hm?-h™") 0.150 0.153 0.145 0.149




-760- oMok L ok F F R % 55 %

297490.149 hm?® - h™"  HUBISCIR B e R ALl TAERCR R T N T, N TR A v 55 gl i B K
MU A SR AT DASE AR T =-E MRl BOAR HEAL UL, [R) I RETY 4 AN 09 0 o i W el ke
IR = -ECRHURENL TAEAT AR 2 PR 0 , 2 8 57 0 b S8R Rk o 7 2 A 126 70 28K
RABBF o FEHLLAD B A & SR T R B B0 BEE 2 A -5 TH (RS 30 AT 7

5 WS’

AT IR RART =L WERHURAL , S THAR T =BRGP K AR #ERRE =L A kR .
ASBI ST FE T 08 [ N AP BAR B ZEN UL MCR B AT AR ST =LA HEA T JE A, , BF ] AR
=EWORPUEENL. ABFTERE T =L BY-& BRI T 22 s XY gfead e b n] B H BLAY 25 Fif
[ REEAT 1SS, [ A B SR BEAT AR =L SR HLOCHE Ao A, Je ik PRE 18T g BioT s
H A RIC T ST =-E R AN A & 1077 1% AR T =-E M A S, X AR =B sk
PLOCHERR AT G B B SN o S5 G AT =LA AR 2R A0 T b Bz AR =L pL
WS EOR T =B AT 57 3ha , Bt 7 — R/ N TR =Ll

HH EDEM 85T fiy SR S AR = 28 10 L e 0y SORCRY LA 8 57 47 i 2o e ir 52 3 ) B
FIRAN, %5 B SE PR TARNG O, 4248 5™ TAR R ARIFAE 150 mmo DUZH85 580 TAREE A 480
WA R DAL et 4 , dEAT =R =IO AR50 o0 A, 15 Az R e L4 5 SR A2 5™
W6, TARHEIE 0.8 m-s, A ME25 " SE AR T =-EHCGRAUEN LIS FIRELIRES , 3 W ga 45 1
HIH6.67% K H11.33% , K LHCR REF . IXIRAIREY] T = LBGRIEENL TAE T ETE
PR, M 0 , 25 8 47 1 - S8R R e g i 126 0 B SR L e, WA b P R R 4 7
T PERERT , AR RS R A, AR R 0.149 hm?- b, ORALIE # ARV 3% R R 50 TAI L A 3
PR, 18 BB 2 AR R = BIGRALIA R 10020 B 2K

S 2 ik
(1] vty B 55 =Ll i E S Be 71 2% 42 75,2016,22(7):62-64.
2] = WL PREE EEEERX =BRSS50 APEF5T,2019,41(2):123-127.

[3] FEIRALSRIKE, T e, 5 4SD-1700 AU A X = ULt 58] R 5E,2019,41(2):134-139.

[4] FE MRABERE A IR AR ZEISE AR LIS 3256 B BT AR WAL AT 9E,2024,46(4):120-127.

[5] B4, T #3530, 5 4UFD-1400 £ 5448 ZICA IORAL A BRI ] 420 T RE224,2013,29(1):11-17.

6] 4 2 Aok, EHE A A% MBGRAIRZE 43 B 2 B 1T 51 )], A ML 42,2016,47(3 ):82-89.

(71 EHZE B EZE RS . ET ADAMS BHEHERBGRIL A shixt TR LI 5 B R LA 7,2013,44(12):62-67.
(8] B, 2 E = AR R, A AHQL-2 B &M A LA A R A W], 4 Mk T F2224),2009,25(6):125-130.

9] & IT,EBHERE, T8 4B—1200 B D15 25 4 GRAL AT SR T Aol TA22437,2015,31(8):34-41.

[10] HSAETE, X SEF MRAS B 55 4SB-800 Al MR BETHI ] ARl T2 2#4:,2007,23(10):141-144.

[11] AES2aE R ICE X, 45 . T bRl =B WOR DR 598 95 a0 M. R AL 5E,2020,42(2):32-35,145.
[12] B4R B0 5% K 5 DR IR L 5 26 56 B s 5 (0], A b ALK 2E,2017,48(11):
146-155.

ik PR E A, = ERRHLAE A RIS IR SRR ()], VT I8 K 2R R220)),2018,39(1):38—44.
kIR, Tk 2 3k i, 5 . H A =B ORI T SRR ] R ML A 47,2016,47(38 1] 1):234-240.

[15] W 28 aU%. sk 2,5 BA AT T 58610, LUkl K Z22417,2022,49(5):815-822.

[16] Bf 2,2 W2UNE % A% MORVIZ IS5 S5 R 561T].  E A NLIL2:#7,2016,37(10):57-60.

[13]
]
|
]
(17] Ak b it A OE ORI ST ST D] AL st i E Ak K 27,2014.
]
|
]
]
]

[14

(18] #ihh, 275 . S B MLIE TR 5T )] R HLIEAF5E,2007,29(11):161-163.
[19] 2= W8 353025 AUCS2 BUNAT H B IBGRML G [)]. 4 lk T F2542,2018,34(11):26-33.
201 2 PEBR  F5ERE . WU 8500 BV A B oo B oE R 1. R LA ST,2015,37(1):217-222.
[21] FERM 20, FRASH BT EHUTH R S H0RE IR AL HLIR2EH:,2017,48(12):78-85.
[22] 5% . ATEABE S WAL BT SR8 (D). A A8 - ekl K 24,2022,
[(EEHE 7T H



