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Kinematic analysis and optimal design of vibration-type device for
Panax notoginseng root-soil separation

CUI Zhenmeng,ZHANG Zhaoguo, WANG Faan,CHENG Yiqgi, YANG Haihui

(College of Modern Agricultural Engineering s Kunming University of Science and Technology s Kunming ,Yunnan 650500, China)

Abstract :[Objective] This study established a vibrating Panax notoginseng root-soil separation device
to separate root of P.notoginseng and soil from root-soil complex. [Method) The P. notoginseng root-soil
separation device was simplified as a crank double rocker mechanism,and the motion of the material on the
vibrating screen was analyzed to find out the factors that affect the movement of the material to verify
whether the design was reasonable. The kinematic simulation of the device was carried out by ADAMS, and
the front and back points of the vibrating screen and the center of mass were selected as the object of
study. The displacement and the speed curve of each point were obtained and the variation of each curve
was analyzed to verify the rationality. Artificial mining P. notoginseng root-soil complex was selected and
orthogonal experiment design with three factors and three levels was used to understand the effects of fac-
tors on the separation rate and damage rate of P. notoginseng. [Result] In the ranges of test parameters,
the best combination was obtained by Design-Expert software with the crank speed of 295 r/min.,the screen
surface incline angle of 8° and the surface length of 620 mm. The verification test showed that the root-soil

separation rate was 95. 7% and the damage rate of P. notoginseng was 1. 9% ,meeting the design require-
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ment. [Conclusion] The established device meets the design requirement and provides reference for subse-

quent design of P. notoginseng harvester.

Key words: Panax notoginseng ;root-soil separation;crank rocker mechanism;kinematic analysis
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Fig. 3 Force analysis of material on vibration screen in the forward and backward slide

AR 52 F7 73 o 6 W L AE B T L AT AT LR
HE [N B NS ) R N P

TE A T L 8 0 O 1) i U 2h 5
fi] [ S s Ik . B

Pcos (e—a) +Gsin a— F>0, 4)
Geos g+ Psin (e—a) —N=0, 5
F—Nf=0, 6
f=tan ¢, 7

Ao O EA . ) se RIS J7 £, B 2875
FNENBEEREG e W =B R A RS Tm
FEIE A BUA IR AT ¢ oy 247,

HIF LA

w’r cos wt cos (e—atg¢) >gsin (p—a), (8)
Krpag HEIIMAEE .m/s”,

K —1<<cos wt<<0, A :

r2 1 —_—
ug—_r>o. a78= S0 (o7 g~ 354, (9)

: cos (e—at¢)
KKy WZEREZESERIEIERFZET o'

5 g WIAE.
[FH, =R 52 AR H W )G sl iE e H R R
A7
Pcos (e—a) —Gcos a— F>0, (10)

Psin (e—a) + N=Gcos a, (1D
F—Nf=0, 12)
f=tan ¢, (13)

EEIREE
w’rcos wt cos (e—a—¢@) >gsin (pFa), (14)
0<<cos wt<1,FrLi15 .



1L

HEIRAG 45« R 3 X = AR 7 2 0 02 B2 o A M A it 149

Wr o 5780 leta) _ g o~ 56,
g cos (e—a—¢)

(15)
XKy =W EESGEEEIRAFMET o'
5 g M.
YR S i T Y 451
N=Gcos ¢— Psin (e —a)<<0, (16)
¥ P=mw’rcos wt f{A L3, 15

'2
Wr—3.187=>—259 _— K, >2.655, (17)
g sin (e—a)
Hf Ky =L E AP IR IE R FZET ' r

5 g WA

Y bR A8 AT PR B ka2 BB A &
B T iz s S50 ' r FIHR BT 00 o s S T ORAIE
=ERR £ BROR I b = B R 5, =
LR B A A L BR B 1A & 2R ) R S W 8, HL
AN BEBY I 5 0 Bl 0 o R O oA A e 3 T 2
/& 127 r/min<{n<<348 r/min, i I AT A%k 3)) i iz

HEBI B LR,
3 =R AN E

3.1 FEEBKET

iz HBREHLGE #6) R ~F ] Pro/e BR1F # 7 = 4
R EG ARk b E A% 2UJE 5 A Adams/View i, X 45
BT AR T AN A B A, A
Adams/ View P45 T Xf #1845 217 05 5, 15 319 30 i it
O BT TR T 5 i A5 O 5 3 B TR W8
AR L 45 G B 4 R W L A A B S B
3.2 fHESNH

WA EEF 2 0.5 s, B4R 100, # A7 % 3
300 r/min, 5 H 4 B B 600 mm , 7% 0 o BL 8°,
P 2l 07 J5 . Co % 7 T T i ek i o ) 5 2 L G
BRI 4-a.b BT, d1 & 4 w0, ¥ 3l 0 b 45 0
NGTE VSRR AT s ek C oy < B 12 N i I = R VA 21
e (8 K AR X [ an 26 1 R .

a b
800W 2o
700F
= - 1.0F
Eg 600 T
o & ==
&2 400 PG
= —1.0
300 _ _ _ _ _ -
200k AT SV AR PR S ZATIIR N e |\\ 4 b —2.0 1 L L L L L L L | |
0 01 02 03 04 05 06 07 08 09 1.0 0 01 02 03 04 05 06 07 08 09 1.0
it [6)/s Time i 1E]/s Time
I T R 3 R e A - —- 5 T iR
Screen front point; =+ .Screen surface center of mass; -=---_Screen the rear end point

P4 i 0 05 T o O TR T i 5, e A 82 885 5 R Al il 42
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Table 1

Material displacement mean and velocity interval

(A i /mm  HE/(mes D)
Position Displacement Velocity
% 50 7% B
e Sl i A 1 35. 25 —1.80~1.80
Front of vibrating screen
P 2l i o0 B -
Centroid of vibrating screen 33.96 1.65~1.65
T
e 3 B e i 32.54 —1.50~1.50

Rear end of vibrating screen
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Table 2 Factor and level scheme of orthogonal test to

root-soil separation of P. notoginseng

e e/ TIBR
K . (a2) /()
(remin ') o (x3)/mm
Level . Inclination of
Crank speed Screen length
screen surface
—1 250 6 500
0 275 8 600
1 300 10 700

x3 ZERINBEXHBAZRABER

Table 3 Test scheme and result of orthogonal test to root-soil separation of P. notoginseng

REIT 5 - B REA B (5% SRR 7
No. : N : Root-soil separation rate Panax damage rate

1 0 1 90. 0 2.7

2 0 0 95.0 1.7

3 1 1 92.8 2.4

4 0 — 1 90. 5 3.3
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&R 3(&) Continued table 3

R N N BB 0 /% SLHEGD /%
No. Root-soil separation rate Panax damage rate
5 0 0 0 96. 1 1.9
6 1 —1 0 92.8 3.0
7 —1 0 1 91.5 2.8
8 —1 —1 0 88.2 4.1
9 0 0 0 96. 4 2.0
10 0 0 0 95.9 1.8
11 0 0 0 95.5 1.7
12 —1 1 0 91.6 3.4
13 0 1 —1 91.5 3.1
14 1 1 0 93.8 3.5
15 1 0 —1 90. 5 3.4
16 —1 0 —1 88.7 4.0
17 0 —1 —1 87.8 3.9
4.5 EXRWERSH G =AM o B R N =R A o A s R N R

4.5.1 FE2o4 MIEZRRARARET T Z oM. 4.5 PR,
R1 ZEREINBRESHBLERNFTESN

Table 4 Variance analysis of P. notoginseng root-soil separation rate of the orthogonal test results

J5 2 KR 5 A [ER:i)) 3 ¥75 F i P i

Sources of variance Sum of squares Degrees of freedom Mean square F value P value

iRl Model 123.05 9 13.67 19. 22 0.000 4

X1 12. 25 1 12.25 17.22 0.004 3

k& 7.22 1 7.22 10. 15 0.015 4

T3 4. 96 1 4. 96 6.97 0.033 4

x1x2 1. 44 1 1. 44 2.02 0.197 8

13 0. 06 1 0. 06 0.09 0.7755

X223 4.41 1 4. 41 6. 20 0.041 6

xt 11.15 1 11.15 15. 67 0.005 5

3 27.43 1 17.43 38.56 0. 000 4

% 45,23 1 45.23 63.57 0.000 1
B 2 Residual 4.98 7 0.71

Jeft) Lack of fit 3.79 3 1.26 4.26 0.097 8
i% 2% Pure error 1.19 4 0. 30

LN Cor total 128. 04 16

RS ZEBRHGEERRBERNATESN

Table 5 Variance analysis on the damage rate of P. notoginseng of the orthogonal test results

3 I 1 H B 75 F{d PfH
Sources of variance Sum of squares Degrees of freedom Mean square F value P value
i Model 10. 26 9 1.14 23.43 0.000 2
X 0.78 1 0.78 16. 06 0.005 1
X2 0.32 1 0.32 6.58 0.037 3
x3 0.91 1 0.91 18.73 0.003 4
122 0. 36 1 0. 36 7. 40 0.029 7
13 0.12 1 0.12 2.52 0.156 5
X223 0.01 1 0.01 0.21 0.664 0
xt 2.23 1 2.23 45. 81 0.000 3
% 3.82 1 3.82 78.53 0.000 1
EY 0.96 1 0.96 19. 74 0.003 0
% 2% Residual 0. 34 7 0.05
2 Lack of fit 0.27 3 0.091 5.34 0.069 6
i% 2% Pure error 0.07 4 0.017
Ml Cor total 10. 60 16
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