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Design and Experiment of Rebound Dipper Hill-drop Precision
Direct Seed-metering Device for Rice

TIAN Liquan TANG Han WANG Jinwu LI Shuwei ZHOU Wenqi YAN Dongwei
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: Aiming at the need of precision rice hill-direct-seeding, the precision hill-direct-seeding seed-
metering device for rice was designed with the rebound dipper, the work principle of seed-metering device
was stated and the movement track of rice seed was analyzed in the process of seeder’s dropping by means
of the Matlab software, the evaluation test of the seed-metering device was conducted by using three kinds
of rice, which were Longdao 6, Longgingdao 2 and Longqingdao 3, and rotational quadratic orthogonal
experiments was carried out to further analyze the effects of qualified rate, reseeding rate and missing rate
on seeding performance, including rotation speed of spinning disk and height of hopper. The JPS — 12
detecting and experimental set of seed-metering device was selected to test sowing performances.
Experimental data was analyzed by Design-Expert software so as to establish the mathematical model
between the experimental factors and indexes. The result showed that the best operational parameter
combination was that as the rotation speed of spinning disk was 29. 34 r/min and height of seed hopper
was 60 mm, the qualified rate and reseeding rate of Longdao 6 were 87.23% and 9.56% , the qualified
rate and reseeding rate of Longqingdao 2 were 90. 86% and 6. 97% , the qualified rate and reseeding rate
of the Longqingdao 3 were 89.12% and 7.46% , The sowing performance can meet the requirement of
precision rice hill-direct-seeding. The research provided a theoretical reference for the improvement
design of precision hill-direct-seeding seed-metering device for rice.

Key words: rice; seed-metering device; rebound dipper; precision hill-direct-seeding; design;
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Tab.1 Probability of rice seeds’ pose in seed container
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Fig.2  Structure diagram of grasping dipper
LATRRAL 2. RN R

T B R E AT B A B R AR TR B R
ANFAJEF S B IS ~ 8 RiZEF, B &5 A,



68 PSS ANV M | S O 14 20174
FLAT A E A0 4 b D % A0 (5] e i o S D o—— WU EA]ff R rad/s
TRIRE W 4350 N r—— IR AT e 242, mm
D =kl,, (1) #3
d=kw,, (10) B=m - arcsin w'r -
W=kw_ g1+’ V1 +K
Krf 1, — KR ZEF K B R, mm arctan L arctan % (12)
. . o
W oK T 2 0 G B fie KA, mm cosy + siny
N M >
b b S 2 K 45 R et K = osy —psiny

Fe,, —— T e S 15 Rl 41 Y AR AR
fe,—— % R TR U Y AR AL
MR AR K 2 A =3l RS 8 D =14 mm (d =8 mm |
W =4 mm,n] DUKEE S ~8 RizZiff,
2.1.3 R HAT RIS y
HEFp 25 4E M B, T K R 28 A AE B R X DL BORE
Wy Rz gl , B 3b AR IR HATAT 3l R 2EROE R

(a) FIRFBLIZ 1 (b) FlEF R AE 7 b DX AL
3 OKFEZEREELE B RN X 32 ) g3 A
Fig.3 Stress sketches of seeds population in grasp
V. B A b VL AR fih
i3z sh i SO AR L R RGBS B
RN FEIE AET B x b Ch g 2 TR 2 fih 1t 5 BUR B
AJIEEE, b SRR ) B 2RI o 0 IR Aol DX A AR B
dp AWFFER G, 52 T3 53 BT iniEl 3a FroR @S P 5 A8
Ncosy — F sinf — fsiny = Gcosf
F cosB + fcosy + Nsiny — GsinB=F,
=ulN

f=u (11)
F, =uG

2
F.=mo'r

G =mg

K m—— R ZF MR kg
F,——Fe X 25 R i Sl B il 1) B 47, N
B—y SR m A A, ()
G—KREZFP B T, N
SRR B R AT BE 4 T, N
F,——2F F i s B v g0 7, N
2T AL Bl B HURl B AT 45 TR K
N——HRh HAT RS ZF i i B SO 1, N

2 (12) AT RAAS 3 BUCRR EEA) A 30 Fh L B A
By B 5K ff B, 5 2 R RV w A
SRR Ay RN EAT A o A5 %, AR HEFP
i LA D B AT 0, AT R0 E R MR R F 90°, B
B=<90°, HUFh H-AJ f1 i FE L w = 3. 35 rad/s, ZF F i
T B 55 BB A~ 42 TR B g = 0. 78 AT iiE
Az r hy 100 mm, B SR A5 5 AT K BRI Moy
Hh 170,
2.2 #HwME

R TR KR A AR5 R A G A A,
IG5 P 5 43 P A8 BE 4, S A48 10 /K FH T, IO AF 5
P ol T v 2 o gt S A AR B R BT A

W 4 BT BB 5 = - I 11

Sl £ T , M0 20T 11 0 1) O o Bl A D )

¥

KB4 ZFMAERFMEBIRER
Fig.4 Sketch of motioning seed in different shaped orifices
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Tab.2 Coding of experimental factors

i fith TAER: 3 x,/(remin ")

HAE B 1,/ mm

1.414 36. 00 120
1 32.78 107
0 25.00 75
-1 17.72 43
-1.414 14. 00 30
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Tab.3 Results and design of tests

o B30 % PE B H b7
7 a/(eminT')  xm/mm y, /% ¥,/ % 3/ %
1 17.72 43 76. 56 18. 42 5.02
2 32.78 43 91.15 6.48 2.37
3 17.72 107 90. 96 7.18 1.86
4 32.78 107 63. 74 30.09 6.17
5 14. 00 75 79. 10 16. 65 4.25
6 36. 00 75 88.28 3.42 8.30
7 25.00 30 71.47 24.32 4.21
8 25.00 120 67.33 29. 86 2.81
9 25.00 75 92.32 4.68 3.00

10 25.00 75 89. 09 9.77 1. 14
11 25.00 75 88.13 9.15 2.72
12 25.00 75 81.46 17.74 0. 80
13 25.00 75 89. 41 9.39 1.20
14 25.00 75 92.28 7.40 0.32
15 25.00 75 82.05 16. 88 1.07
16 25.00 75 90. 77 8.49 0.74

AT Design-Expert 6.0. 10 % fF % 1 3 40
A L 23 B, T A4S 2R B [ 05 # . o x O
TARRE o0, Jg 2P
y, = —35.37 +3.26x, +2.25x, —0. 04x,x, - 8. 18x;
y, =117.42 2. 84x, —1.94x, +0. 04x,x, +7. 40x,
y, =36.72 =2.32x, —0. 19x, +0. 0lx,x, +0. 04x}
(23)
BT E S A A5 1 PR ER  HERR R BE A b A
SeF 2 1] Design-Expert 6. 0. 10 % {75 5] 1 i
10, N 7 FeR o
AR (23 ) FOIEL T AT, AR 25 b iy B2 5 ke e
BELARR B AAAE L B AR T o 8] Ta TAD, eSS 45 T
PR3 o — T I, A A% 23 B 7 o g J3E 19 169 o G 388 i
WA 5 24 2 o B AR AL I, B A% R AR X R KR, Y
LA Bl R R A AR R EE N R & 7b Af
R Tl A 2l g B EE AR R A R . B A
JEE W38 T, T 4% R 50 B A S 3, i PR A A el g

RS TR DA /)N 8 28 A 3 Ao A, S BURCR E
AT ZERN O R e o R TR Te AT G i A A
X U 478 SRR 5 B A A B T R S B
I AR i 5 I
3.4 AHLERIE

PR RN PSS G U R A R RIS S UR
PREEST O R x5t (23) 9y B AT 48
B, HR A T Oy
max v,
min v,
min y,
s.t. 14 r/min<x, <36 r/min

(24)

30 mm<x, <120 mm
0<y, (x,,x,) <1

0$y2(x1,x2)$1

0<y,(x,,x,) <1

20 (24) , FF Design-Expert 6. 0. 10 #4419
Optimization #3472 H AR S HL AL , 15 2 24 g 5%
£ A B 3y 29. 34 v/min FFP G 2 Mo BN
60 mm [N, HEFf M GE B A0 , 0I5 4% 20 89. 80% |
RN 7.85% Ik H N 2.35% . MIGEAEAL
PAF S HOEAT 6 25 5k, 15 2 A G A% R
89.12% FEHEH N 7.46% JnHEHR N 3.42% . Kk
ZER G ACEE RIEA — B, IR ZEE T ZTHE A, 1R
22 177 A LR RT BE S LA AR 30

TE R R A0 o8 S5 I 2 BO8E i b, i B 5 HEFD
RS A [a] ity A KRS HEFR 1 O, 2T & 208 PRI
TERIR3 AN G RlOKFE (JEFE 6 5 e RS 2 5 e XA 3
5) i X G TE e A B AR Ry 29. 34 o/ min FI
AFHREE S 60 mm L08R #EAT 5 U S5, Kdli
Ab RO BE R A R R 4,

Hi 2% 4 AL HERR SR XT3 AN i Bk RS HE R AE
495 R KRS B K, L rp e A 2 S (AR )
WA TER LS, 5 T B Rl BRI PR RE R PR R 10 5 T
i 6 5 (R KEIE) i sh 8 2=, E M A BIIE, H 5

P 7 2% DX 3 RE A s 22 R A ) 17 o T

Fig.7 Response surfaces of all factors on seeding qualified index
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