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Optimal Design and Experiment of Integrated Fan of Air
Suction Potato Planter

LU Jinging ZHU Mingfang ZHU Xiaoxin LI Jicheng SU Wenhai LIU Zhongyuan
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; Aiming at the problems of large number of fans, large structure size and complicated
transmission of the currently developed air suction potato planter, the integrated fan of the air suction
potato planter was optimized. The main structure and working principle were explained, the required
wind pressure was determined through mechanical analysis of the seeding process, and the numerical
simulation and kinematics analysis of the internal flow field of the fan were carried out. Rotation
orthogonal combination test was adopted, the outer diameter of the impeller, the number of blades, and
the speed of the impeller were used as the test factors, and the negative pressure at the air inlet and the
positive pressure at the blow pipe outlet were used as the test indicators. The test results were analyzed
and the structural parameters of the fan device were optimized. When the outer diameter of the impeller
was 1 099 mm, the number of blades was 10, and the impeller speed was 2 532 r/min, the negative
pressure at the air inlet was 11. 6 kPa, and the positive pressure at the blow pipe outlet was 3. 7 kPa. The
optimized integrated fan and the dual fan were compared in the field. The analysis results showed that the
optimized integrated fan had an operating replay index of 2. 34% , a missed broadcast index of 2. 35% ,
and a pass index of 95.31% . Compared with the dual fan, the rear integrated fan operation replay index
was decreased by 14. 0% , the missed broadcast index was decreased by 17. 0% , and the pass index was
increased by 0.92% , which improved the operation quality of the potato planter.

Key words: potato; air suction planter; centrifugal fan; numerical simulation
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Fig.1 Structure diagram of air suction potato planter
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Fig.2 2CMP2 type air suction potato planter

double fan structure diagram
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Fig.4 Seeding device structure diagram
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Fig.5 Agronomic requirements of potato seed

cutting and seed potato morphology
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Fig.7 Seed potato force diagrams at stage of sucking seeds
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Fig.8 Seed potato force map at planting stage
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N 2 T A S 5 B B Rl RE T A BR 22 30, 15 3

M5 22 BT 4 SR ank 4 Fros o B RS 31 45 B R X

HEARH R Y, S0 ) R R

Y, =10.31 +1.41X, +0.93X, +1.38X, -0. 81X, X, —

0.78X,X, +0.89X; —0.46X; +0.50X;  (24)

Xt (24) #EAT R AR B, 4 R 3k 4 R, R
I P =0.858 9, A I3 (P>0. 1), ik W] J5 7% 45 41

x4 HSOAREY FESH

Tab.4 Variance analysis of inlet negative pressure

75 S AR REil Fl i 2 b F p

A Y 95.42/95.15 9/8 10. 60/11. 89 18.01/21. 04 <0.0001 " /<0.000 1"
X, 27.04 1/1 27.04/27. 04 45.93/47. 83 <0.0001 ™" /<0.0001 "™
X, 11. 90 1/1 11.90/11. 90 20.21/21. 04 0. 000 6 *** /0. 000 4 ***
X; 26. 00 1/1 26.00/26. 00 44.17/45.99 <0.0001 " /<0.000 1"
X, X, 5.23 1/1 5.23/5.23 8.89/9.26 0.010 6 ** /0. 008 8 **

X, X 4.88 1/1 4.88/4.88 8.3/8.64 0.0129* /0.010 8 **
X, X, 0.26 1 0.26 0.45 0.5157

X3 12.73 1/1 12.73/12.73 21.62/22.51 0.000 5 *** /0. 000 3 ***
X; 3.32 1/1 3.32/3.32 5.65/5. 88 0.0335" /0.0249 "
X3 4.01 1/1 4.01/4.01 6.82/7. 10 0.0216* /0.018 5™
5% 7.65/7.91 13/14 0.59/0.57

1) 1.57/1.83 5/6 0.31/0.31 0.41/0.40 0.8279/0.8589
=% 6.08/6. 08 8/8 0.76/0.76

S 103. 07/103. 07 22/22

/7 RECE R IR B3 R R JR I R Y, 7 2T AR 5 s IR 3 (P <0.01) 5 #+ FRIRE L3 (0.01<P<0.05),

TR

B, A AR i g 8 b i) BRI R d
SR AU 56 2 W 6 PR 38 A 6 48 AR A A 1 35 1 K

KR, L8 R B A B

(2) WA FE s Y, B3 Vo A

3 3 T X 56 4 1) 23 A AL, WA IR TR
Y, J57 25 53 Br a2 S v 7 o i S w0, 4 Tk 4R 4R

*k5 REHOEEY,FEHN

Tab.5 Variance analysis of blow pipe outlet positive pressure
7 5 ok R 75 Al A ih ¥7 F P
gL 46.44/45. 88 9/7 5.16/6.55 16. 14/20. 85 <0.0001 "™ /<0.0001 "™
X, 10. 17 1/1 10. 17 31.83/32.36 <0.0001 "™ /<0.0001 "™
X, 9.09 1/1 9.09 28.43/28.91 0.000 1 ™"/ <0.0001 "
X, 14. 61 1/1 14. 61 45.72/46.49 <0.0001 "™ /<0.0001 "™
X, X, 0.31 1 0.31 0.989 0.3411
X, X5 3.75 1/1 3.75 11.74/11.94 0.004 5" /0.003 5 ***
X, X5 5.02 1/1 5.02 15.72/15.98 0.001 6 ™ /0.001 2 ***
x: 0.25 1 0.25 0.78 0.3942
X2 1. 86 1/1 1. 86 5.81/5.93 0.0315" /0.027 8™
X3 1.35/1. 34 1/1 1.35/1.34 4.21/4.26 0.060 8 /0.056 8 *
5% 4.15/4.72 13/15 0.32/0.31
E 1.36/1.92 5/17 0.27/0.27 0.78/0.78 0.593 6/0.6202
R 2.80/2. 80 8/8 0.35/0.35
Js¥il] 50.59/50. 59 22722

T = RN 3 (0.05 <P <0.1),
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Fig. 14 Response surfaces of influence of test factors on index
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