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Design and Test of Air Suction Directional Transplanting Device for
Panax notoginseng Seedlings Based on DEM — CFD Coupling

LAI Qinghui ZHAO Jinwen SU Wei JIA Guangxin LI Junhong LU Qin
(College of Agriculture and Food, Kunming University of Science and Technology, Kunming 650500, China)

Abstract ; In order to solve the orientation problem of Panax notoginseng seedling and realize mechanized
transplanting, air suction directional transplanting device of Panax notoginseng seedling assisted by
vibration was designed. The mechanism of seedling adsorption posture adjustment was clarified based on
the stress analysis of adsorption state of seedlings and the process under the action of lifting force, the
seedlings generated rotation torque to realize posture adjustment. The process of seedling adsorption
attitude adjustment was analyzed and the feasibility of posture adjustment was verified by seedling
adsorption through DEM — CFD gas solid two phase flow coupling simulation. And the results showed that
when the angle between the main suction hole and the auxiliary positioning suction hole was 23° and the
angle between the attitude adjustment and steering suction hole was 30°, the posture of those seedlings
can be adjusted and positioned by the raising force produced by the pressure difference on them. To test
the performance of directional transplanting device, the quadratic regression orthogonal rotary combination
bench tests were carried out, with the negative pressure value of main suction hole, rotating speed of
dynamic sucker and diameter of suction hole for attitude adjustment and steering as experimental factors,
the directional qualified index and missing planting index as indicators. As the results shown, factors
arranged in important order were as follows: diameter of suction hole for attitude adjustment and steering,
rotating speed of dynamic sucker, negative pressure value of main suction hole. The diameter of suction
hole for attitude adjustment and steering was 4.5 mm, the negative pressure of main suction hole was
1.03 ~ 2. 11 kPa, the rotating speed of the dynamic sucker was 4.67 ~ 6.08 r/min, the directional
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qualification index was 85.87% , the missing planting index was 6.33% , which satisfied the needs of

transplanting of Panax notoginseng.
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M) F R B /N YR Ay 18 2 e ) W AL AR X L IR AL A7
JE X, BB EE X, o Bl 4 A o O B ) W AL
HAR L EI (X, X, ) LA K E WAL 7K 5 o W) 8 5%
B RIN(XT LX) R SR 28 LI R
FRES SN IEYEL Sy
Y, =81.49 —1.76X, —1. 68X, 2. 15X, — 1. 88X, X, —

2.39X7 -2.11X; - 1. 33X; (19)
4.4.2 JEWARELY,

F| ] Design-Expert K £ % i W +8 0K 56 %5 4
HEAT J7 2547 B, 1l U5 J7 A 0 B 2 MR A B 25 AR n 3R 4
B U W 38 KOs Y, i A R B (P <
0.01), 2RI P =0.096 4,4 2, i B To H Ath 5%

x3 KRARSER

Tab.3 Experiment design and results

[ M % B bR
X, X, X, Y, /% Y,/%
1 -1 -1 -1 80. 13 11.33
2 1 -1 -1 78. 67 8.67
3 -1 1 -1 81.33 16. 83
4 1 1 -1 75.87 4.33
5 -1 -1 1 78. 83 8.33
6 1 -1 1 74. 83 6.17
7 -1 1 1 72.13 21. 67
8 1 1 1 64. 87 22.33
9 ~1.682 0 0 77.17 13.33
10 1.682 0 0 73.71 11.67
11 0 ~1.682 0 77.63 7.17
12 0 1.682 0 74. 87 18.33
13 0 0 -1.682  81.57 8.33
14 0 0 1. 682 79.17 16.33
15 0 0 0 81. 87 9.33
16 0 0 0 82. 87 8.33
17 0 0 0 80. 33 10.83
18 0 0 0 84.17 7.17
19 0 0 0 79. 33 6.33
20 0 0 0 80. 67 9.67
21 0 0 0 82. 87 8.17
22 0 0 0 83. 17 7.83
23 0 0 0 77.87 10. 17

e 5 s 1) F2 LRI ER o 4% DR 3R % T W s 2805 Tl e K )
AR g W B X, R S R e L AR X R
WALt X, o E WAL R S U % L H AR
(X, Xy) (Bl W A o5 ) 2 A 1) W L AR 1) 58 B 30
(X, X)) LA Ke T AL A7 T | 2l W 3 e k5 0] 328 5 1) i
FLELAR B (X7 X5 X5) R0 50 25, 59 Bk 58 1 5
R 3 R T Y ] AR Sy
Y, =8.65 —1.42X, +3.62X, +2.25X, + 1. 71X, X, +
3.54X,X, +1.30X] +1.39X; +1.24X; (20)

4.5 BEZEZXEMEAMNERSRIEHZIT

300 o X 1 HCHE R AT b B, W] A 3 AL B B
W 3 B L 8] 22 TR 1) W AL AR A HAE TN E 1] A A
FEBC Y B R, R R T A s 17 B .
4.5.1 WAL H 2 R A A 0 3¢ HAE A

i 17a A] 80, 78 AL 67K 1,58 ~ 1. 82 kPa,
S L O 4. 81 ~5.19 v/min I, 5 5] 5 4% 45 4L
B o EWALIOE—E N, BEE Sl W B s A 1S O,
JE A MR R SE TS IR Bl
—E I, B WAL R B I G 1] S AR AR R
ETHE TR &S
4.5.2  FWEALO A L ) AL AR S HAEH]

f & 17b A1, 78 0 L 67 RN 1,08 ~2.41 kPa,
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Tab.4 Analysis of variance of qualified index and leakage index

JE ] 45 B AL HELLEERA
KR oA A e F P o A e F P
LAY 347.47 9 7.06 0.0010" 486. 57 9 15.00 <0.000 1"
X, 42.17 1 7.71 0.0157" 27.71 1 7. 69 0.0159"
X, 38. 40 1 7.02 0.0200" 178. 90 1 49. 62 <0.0001*
X, 63.19 1 11.55 0.004 8 ** 67. 44 1 19.26 0.000 7 **
X, X, 6.59 1 1.20 0.292 4 6. 16 1 1.71 0.2138
X, X, 2.35 1 0.43 0.5233 23.32 1 6.47 0.0245"
X, X, 28.35 1 5.18 0.0404 " 100. 39 1 27. 85 0.000 1*
X2 90.95 1 16. 62 0.001 3" 26. 80 1 7. 44 0.0173*
X2 70. 48 1 12. 88 0.003 3" 30. 58 1 8. 48 0.0121°"
X3 6.70 1 1.22 0.2885 24.38 1 6.76 0.0220"
52 71. 14 13 46. 87 13
248l 37. 40 5 1.77 0.2245 29.72 5 2.77 0. 096 4
PR 33.74 8 17. 14 8
B 418.61 22 533.44 22

T = RN R (0.01 <P <0.05), #x RN MM B3 (P <0.01),

T. 46 4.01.0
I//u; ~l)

(a) X,;=0

17 R A2 E AR R el S 1w 6 i 800 el iz e

Fig. 17 Interaction of factors affecting response surface result of directional conformity index
PR ST ] W FL L A% 3. 50 ~ 4. 35 mm B, 28 1] A4 4%
R o WAL R — g B, B 2 T S B 1) AL
BEARHE R, E G A TE 502 TR G L5
i) W L AR — 2 B, B AL B R A S K, R
R AR S AR TR B
4.5.3 By A ORI 2 ) WAL ELAR Y AE HAE

E L 6 F/Pa
& 17c¢ °] 0, 76 3h W 4% 5 3 o 4.58 ~ PETEPNTY.

6. 56 r/min, P L 4% o) W fL B A2 H 3.50 ~4.29 mm Fig. 18 Parameter optimization distribution map
B, 2E In] A RS FE B o o Bl R B i — g ) BE R 2.11 kPa . 2 W £ %5 58 K 4. 67 ~ 6. 08 r/min B 17
L AL BARROINOC JE R SRR B PR . 3y i o it o, TT A I 46 R RS A B
VA5 o) W FL B AR — € i), Bl & 30 W 33 6 o 4 18 X Py A ks 5 80k 85.87% . T ¥ U Wk 45 Bk
E I AR B SE L TR RS 6.33% . Yol kg AR, P A S5 T 4
4.6 SEML
R i 72 Fe AE S B T, 3 8 S 1) B A T 4R S
KT 81% , IR E/INT 9% , 15 B V8285 ) W £L & (DB TARWMA=LFHEEmBERIER, @
7R 45 mm, (AL TR S HGE B An & 18 proR, I FEAS TSR  BT0 E T Sl A I Bk S0 Bl AL
P32 W AL K Bl o 1,03 ~ 2. 11 kPa, 2 1 2% 7% Fa W AR 500, 1 o B WA AR R 236 mm, FE % £L
K 4. 67 ~6.08 r/min, B R 10 A, ERAL AN 8. 6 mm , I% 20 %l B WL
R BRI A 3 BT A5 R FE AR RS S5 T, IR LA YR 3R 0 5 He PR 8l &k 25 mm
TR ALER 4. Smm, FWFLHAEN1.03 ~ (2) X Fob V7 W8 B RN R 25 0 AR R AT A AT, A5 H 2

&t
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RN . HT DEM — CFD iAW =X = -5 b B 7€ 1) B8 48 & 9T 69

T AL R 1 kPa I, i BE B AR A2 W B A 32
fL b, TSGR 1 i IR 52 TR O e Wi AE T AR T
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RUFNAL LT 5 sy RS, £ ) DEM — CFD [ 7
FH VAR 07 BB E 1R R AR T A T RE ik F BEAR
AL IF AL AT AT M, B J5 W e 1 AL S B E
P AL 1 D 23° 32 W AL 5 9 2 A 1 R AL A A
30°mF, i ik 2 H 22 ALY I A . BEAT TR

AL, ik S e BT R KR G AT

(3) DA W AL 97K | 2l 0 25 5 3 A 8] 22 e i) it
FLEAR I I 3R, LUE 7] 5 4% 45 500 T W 45 2
IR AR, HEAT T U RS 1 A 2 A, 45 2R
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