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Operation Mechanism Analysis and Parameter Optimization of Conveying
and Separating Device of Panax notoginseng Harvester

WANG Fa’an'®  WEN Bo'? XIE Xiaohong'®> XIE Kaiting”® GUO Siwei'> ZHANG Zhaoguo'*
(1. Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China
2. Research Center on Mechanization Engineering of Chinese Medicinal Materials of Universities in Yunnan Province,
Kunming 650500, China
. Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract; Aiming at the problems of difficult root-soil separate and low transportation efficiency in
mechanized harvesting of Panax notoginseng in hilly and mountainous areas, experimental research on the
operation mechanism and parameter optimization of the conveying and separating device of the Panax
notoginseng harvester was conducted. Firstly, the dynamics model of Panax notoginseng root-soil
composite during the process of transportation was established through theoretical analysis; secondly,
high-speed photography was used to obtain the movement trajectory of the Panax notoginseng root-soil
composite, and determine the operation mechanism of Panax notoginseng transportation, root-soil
separation, and fibrous root fracture, etc. Meanwhile, based on EDEM — RecurDyn coupling, the joint
simulation of the conveying and separation of Panax notoginseng root-soil composite was carried out,
which verified the reliability of the conveying separation operation joint simulation model. The conveying
and separation laws of Panax notoginseng root-soil composite was clarified, and the main operating
parameters that affected the separation of Panax notoginseng root-soil were determined to be lifting speed,
lifting inclination angle, vibration amplitude and vibration frequency. Finally, bench tests were
conducted and Design-Expert software was used to analyze and find the optimal operating parameters. The
results showed that when the optimal operation parameters were as follows: the lifting inclination angle
was 21°, the vibration amplitude was 44 mm, the lifting speed was 0. 9 m/s, and the vibration frequency

was 1.6 Hz, the conveying rate and the screening rate of Panax notoginseng were 93. 60% and 92. 64%
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respectively, which met the requirements of the conveying and separation operation of the Panax

notoginseng harvester. The research result can provide a theoretical basis and reference for the harvesting

of rhizome crops in hilly and mountainous areas.

Key words: Panax notoginseng harvester; mechanism of conveying separation; high-speed photography;

EDEM — RecurDyn; parameter optimization
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test bench

1 BEIBRRAETERRSH
Tab.1 Main technical parameters of conveying and

separating test bench

ZH BE
RF (K x 98 x B5)/(mm x mm x mm) 2100 x 1650 x 1010
5/ kg 280
P By 451 %/ Hz 1~4
YE M i 58/ mm 1500
ik g/ (mes™h) 0.4~1.0
P 3l R 22 AT 98 9 F/ mm 0-~58

BRI VR () 10 ~30

ik I T T2 B TR AR B ER | T i B R i A
i MR B s Thas R 2R S 1
HAR IR AT M R A, = ER 2 &
YERIA 25 2 mg 23 B 1, 52 150 B an il 3 fi o, i
WEF o %72 H

Fg —m,gsina, =m,a, (1)
Fy —m gcosa, =m,a,, (2)
A Fy—TJHz@EARE T, =R EE A&
5IHis BEEEHEE ) N
m— B HLRET, = LR EE 5K
i kg

g Sy B B 9. 8 m/s’
ﬂ 4 TAET 5K, (°)
SEEHARET, = bR EE A K
B iy g B, m/s?
Fo——FHis 8 HECRAET, TAEH X = £
/EA@IKE’JEZﬁjJ N
ZEEHARET, LR EE A
WS, m/s?

ZEAR T A EE T 6 A XS g A W R
vk A B eV LA D1, =L TR TS BE R
m Fizsh, 24 F,, >mgcosa, if, =-ER+EE5K
TE T4z HE 8 1) /i 2 Bk 3l , RE AR E AR 00 2, HA A
TR = S AR i LE

}I‘Lﬁ_xﬂ%lﬁjz\zﬁﬁ/ﬂyﬁfﬁ,ﬁﬁﬁﬁﬁﬂﬁﬁfﬁ
PR HTLARE ™ HF S iz 37 1o Bl =2 A2 4K, T AR I

K3 iz HLRETFT=EREES
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Fig.5 Trajectory of Panax notoginseng at end of lifting chain

R EEGERBA S AN H NS,

A EARAE OA Brizs 3 s B ) B R A28
Loa =v08m0 (6)

14
(v,sinf)’

T (1)

Rl 1) ——= L AHIIE S 0A B IR s
H——= LRz s OA BHE y i fif% ,m

Thiz #i A i 5 0 5 F — 9% T AR 35 2% 1 (%) iE
B OH 2B B S8k e, =B THE 8 R i A
32 h 0 B K JE 2R

H,, = (osind). +H, (8)
2g
= LRHILIZ B BT A I ]

Loc =lox Tl =v05in0 JW (9)
S (vosmﬁ) (10)
Kby ~—¥t$+}ilfb§zjl AC EXFJ?FFJHTIEH s

Lo L AHILE S 0C B2 F7 A s

H1E0(5) ~ (10) AT, =L RHb i 3 (7 #8 R 5
XN
vosinﬁ 2£

2

g g

(")
%

(vysin)*
Dy =v,tcosd ( 0<t< + )

U, tsing - fgt

1,
-—gl
Zg

v sm@ o 51116 2,

(vy5in)°

PR )
(11)

Kb Dy = ERHLE T x 7 F AR m
D,—— =Lz s y Jr i # ,m

=Ll 1 KPR
X, =v.1,, = v5in(26) + 1,080 . (vosi?e)
: : > ; p
(12)

v Bl 5L C Kb A Ik I S Sy

v = /v +2H,g (13)
2 BEEXFKE

2.1 RWiEF

B A R B R D, BR B ER
Fhiz ESE RE AR LB R EENIENEE. N
PR =EREEE 1$T$au:£é%%;i%ﬂﬂﬁ@ﬂmkiﬁ
ARAS B0 UFE BRI 43 A7 45 5, A% 1558 ) FH s o AH ML X
%57 B B T A e %, i 6 TR .

6 B
Fig. 6 High-speed photography test
2.2 MESBIRSNW
1 2y ﬁﬁfTIﬂ B 3 AN B AR LB

Bt is ik th e 2 IR S R AE AT B, iR R 2 AR 3
LAz B EEAEE ) UL v i EE 1 89 43 0, 3R AR R ) T 1)
F o0 35, T 30T AL 05 B, 2 A YD 1) L A
i T IE s, A THE 1tﬁﬁ%ﬁr Tt iz R K,
YU 3 58 Bl R 6 0 I DB L 55 2 BB N 2 AR B
AR B, iz EE S R, S EREE A
1A 52 BIAT 2% flf 488 358 45 1 0 100 B 0 A7, o HE G s T iz
BEEAT EHbaE g, s sh el i RS, = EmR 8
A BAT R bR BT LR AR 2 B
Bris shial h— 22 o 28 3 BrBo w24k sh e 1k
MG Z s8R, = L2 SR © 21K
BR> 33, Ak S DLt i T T iz o Y R R ) b A
DR M T R R, = B MR 252 B BRI
iz AR AR ) S e B s A AR R EE ORI = L
B VR VE — B .

PITHZHRE 0.8 m/s Tz i /1 22.5° PR 3l g
J 35 mm JRBNHH 2 Ha N7 =B E A
T i 1) s s Gk an i’ 7 B, &2 ik sh iR AE H
Rl TH3 R, ELA /DN B R 3, 07 17 25 3 Ak e e —

K7 =R 2 ok Pk

Fig.7 Transportation trajectory of Panax notoginseng rhizome
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Fig. 11 Discrete element modeling process of

Panax notoginseng rhizome
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Tab.4 Comparison of simulation results and theoretical

horizontal displacement m

A2 H, HORKPALRE DFEAKPALR
1 0. 180 0. 167 0. 168
2 0. 168 0. 162 0. 156
3 0.173 0. 164 0. 160
i 0. 164 0. 161
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> 10 mm B, 57 v A5 B /M, TR 35 1R BE & e Tab.6 Test plan and results
TS P ARk i B, — B - 8B A AR ) 5 L LR Y% Y, %
B B, Bk 94 4 o 7 A 48 90 AR 43 B ASCR s BR 3h RN 5 5 :
ISR /IS 33 o R 0 R o T 6 T 40 e
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