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Design and Experiment of U-shaped Cavity Type Precision
Hill-drop Seed-metering Device for Rice
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Abstract; In order to adapt simplification precision hill-drop seeding for conventional rice and simplify
the seed-metering device, a unique U-shaped cavity type precision hill-drop seed-metering device for rice
was designed. Based on the mechanical characteristics of rice seeds and its agronomy requirements of
hill-drop seeding, a cavity type seeding plate was put forward, which characterized with seed-dropping
orifice and seed-filling orifice connected by the cavity, the mechanical models of the process of seed
filling and dropping were constructed, and the main structural parameters of the seeding plate were
determined. The seeding objects was “Huanghuazhan” ( conventional rice), experimental studies were
respectively carried out on the effects of the number, length, width and inclination of the seed-filling
orifice and seed-dropping angle on the seeding performance of precision and hill-drop of the seed-metering
device by means of high-speed camera and JPS — 12 type seed-metering device performance test bench.
High-speed camera test results indicated that the precision seeding performance of the seed-metering
device was better when the number, length, width and inclination of the seed-filling orifice were 20,
10. 6 mm, 7. 6 mm and O degree, respectively. Correspondingly, the miss-seeding rate (less than 3 seeds
per hole) , qualified rate (3 ~8 seeds per hole) , reseeding rate ( more than 8 seeds per hole) and seed
damage rate were 0.40% , 94.00% , 5.60% and 0. 13% , respectively. JPS — 12 type seed-metering
device performance bench test results indicated that the seed-dropping angle very significantly affected the
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average value and qualified rate of hole diameter, and significantly affected the variation coefficient of
hole distance. The suitable seed-dropping angle of seed-metering device was 28° ~33°. Under the above
range of seed-dropping angle, all the average hole diameter were not more than 27. 14 mm, all the
qualified rate of hole diameter were not less than 96. 67% , all the average hole distances were about 140
mm, and all the variation coefficient of hole distance were not more than 7. 80% . The results of field
experiment showed that the qualified rate, miss-seeding rate and reseeding rate were 90. 28% , 0. 83%
and 8. 89% , respectively. And the average hole diameter of 46. 71 mm, qualified rate of hole diameter of
71.67% ,

found in the field experiment. All the sowing performance satisfied the general precision direct hill-drop

average hole distance of 137. 21 mm and variation coefficient of hole distance of 12. 64% were

seeding requirement of conventional rice in field. The research result provided a theoretical reference for

the simplification design of the mechanical seed-metering device.
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Fig. 1  Structural diagram of seed-metering device
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13 3 AT, AN )R BE VT4 48 AR X I Y F2 k52
N R 3% 22 31 B8, 52 0 s 23 A1) S 0 PR AR < 2R
FLiAA AL SERE LA TRLALES 20 5 A% R Y
FERHFAKDCOT  BFLE BIALGERE AL A B AL
N2 &R TR RV E RV OSFEEIR QiR
fif BUALTENE LI BE . Bl B ARG H2 X B
P 3R — B T ) 4 o A M0 47 7 20 O i
W), BT 8 s R A TR T R M T A 3 0 A

x3I WMESWER

Tab.3 Results of range analysis

Sy L ¢ X

A B C D A B C D A B Cc D
K, 2.71 3.56 2.62 2.18 85.29 84. 62 86. 80 77.07 12. 00 11.82 10. 58 20.76
K, 3.16 2.54 3.78 2.31 84.93 85. 69 82.36 83.25 11.91 11.78 13. 87 14. 44
K, 1. 60 1.38 1.07 2.98 80. 36 80. 27 81.42 90. 27 18.36 18. 36 17.51 6.76
R 1.55 2.18 2.71 0. 80 4.93 5.42 5.38 13.20 6. 14 6.58 6.94 14. 00
B A; B, Cs D, 4 B, C D, Ay B, ¢ Dy
FRHNE CyB;A;D, D;B,C A, D,C,B,A,
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(0. 80) f5e/IN, 156 WA JR FL X A K SR A0 52 Wi A K, X
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D5 (20 ) 5 o IR 0 UL A 5 S0 AR 11 45 ST
ZEXF I G M BRI 5 AR 25 U5 D /), 25 B 4 6 B
C,B A Dy S 2 W13 5 (C,B,A, D, ) ik H 45 5 vl
HLAE 3 SR S SR T R A PR
KT BIE R AL BE K TE B T3 4 32 1 R i 4
Th R i R R B P KRBT T
11 RERE R A 5 B F AR MR, AN TTT RIS A%

WA, W 22 43 B 45 B b S A% R AL & R
D,B,C\A, X3 2 h 8 5 (DB, C Ay) B 45 R 1]
HLAE 8 SR S A SR T BIFLACRE A PRI
KT, B/ N LK B, T 8 23 0 — A5 18 K U 1
B REAEAR A AFFE /KR BRI Y 4= 7 51
PRk 5T 8 Sk a5 R E WA & KR HfE T
I G R RN, AR, A Bk
Br, RSB P RESRTE 8 5 (D, B,C A,) K
B S 1 Al G TR i 5 B A A 7K
- BRI S HA G AT REN DB, C A, D, B, C, A,
DU HE— L BRI R 2, IR TH S84

RRAIE AR ST B A B D AR A AL
BHAG TR B HA S D,B,C, A, D,B,C,A,
Rt 225 e R vh G A% R BB D, B, C A, [ HE
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Tab.4 Experiment results of different hole

parameter combinations %
BIGHEER
SRS Moo BH9~10  FHIKF
P IS T 11 RRR
D;B;CiA; 0.40 94.00 5.60 4.93 0.67 0.13
DyB,C,A; 1.07 92.80 6.13 5.60 0.53 0.12
D;B,CiA; 5.07 90.80 4.13 3.87 0.26 0.13

H12¢ 4 AT, BAR 3 AU TR BUFL S 80 A 1 HE
TG SR ITE 90% LA L (H I 45 25 Fl L 4 2% 22 S W]
W, RAWZE SR TR SEEMAS
D,B,C, A HEFhI AL 2 8 5 (D,B,C,A,) iREe
S5 IR RIG R, B M A R AL AL 2 8
A D,B,C, A, Fl D, B, C,A, HEFP I #H L 8 S50 45
B IR R, S R AR T X 5 IES
RIS AR & Hoh 78 8 SIS A A1
SERl L WO R ARIFLYEE (D, B, C,A,) HH LI b

KA (D, B, C,A,) , HA EARN Is #7555 &
()G A e S AR P EE G 25 LR IR vT e Ay - AL 5
B B 2R e R n] i 78 A BIFL , DT B R 2
R ARG, BRI % T 2 78 AL R A
FPAESE TP XA 06 B Hh BFL ST AR RN
R, WA FERE 3 AURNTRBIALS B A R Bk
PURYIR T 0.13% , LA HER 7 2050 A 3, 3
ARAIGF T, B, HEFP 2538 B R AL S AL &
S D,B,C A, BIEIFLECH 20, BIFLK R 10. 6 mm),
RIALFERE N 7. 6 mm , BUFLIGA R 0°, BLET, HERD &
IIRFE %R 0.40% , B 48 KN 94.00% , T #5 HH
5.60% , Hih A0 9 ~ 10 R H 4.93% , 470K T
ET 11 RRA 0. 67% , FhFRERIE N 0. 13% , 7 12
HRURE ARG 2 LR X R R R
3.3.2 HERbAEE

h % SR HER AR HERP B CE  CE R Ak FoR
HER SR E B A A, RABALSE A SN
D, B,C, A, WIHERP &, A JPS — 12 B3 HE
FhasPERER IR LS & , LR - ME AR A% 3 |
TR IAE S R AR S RBCH T F8 b, T e HEFD
A BN AR X HERR XS S PR ) PR ARG Y, AR
PEHT ST B B0 43 B, 3 OB FP AR o 18° 232 282
33° 38°d: 5 KO BRI TR 3 WKk, BOFEIE,
RIS LS R KT 2 R R 5 fis

5 ARHMRBESR

Tab.5 Results of bench experiment

BFfM/ SR RBRAE SUETY SRR
(*) {H/mm /% {&/mm REU %
18 30. 18 96. 27 139. 30 9.37
23 30. 09 96. 67 137.57 8.40
28 27. 14 96. 67 138.73 7.80
33 25.42 97. 60 137. 63 6.50
38 28.11 94.13 138. 83 9.53
F 12.835™  12.635* 1.995 3.598 "

VE e S FOR T 2 50 BT i (P < 0.05) FIHE .35 (P <
0.01),
M S AIAL REBFP AT HERD 25 7B SR A
VT, AR EE AN T 30. 18 mm, 7R B R
T 94.13% , JCHE V- ¥ (8 35+ 43 42 3 B R JXER
140 mm, 7S 3 R BN T 9. 53% , BIRE T 2
TR C LR A 10 2 B R CHE R SR (R A X
AR B RN 7 AR 5 05 M A i 2, o AR
S RBOE I 2 Fe U R X R HERR A 0 4%
Tl #fy 5 e L B R, LR MR B AR AR — 2 1Y
A fb e, B BEE SR A A3 K, AR S AT
P AR S R B S /INE B, R A R KR
W, BT IR K AT BE YRR A R R AR
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Fig. 10 Seeding moments at different seeding angles

of seed-metering device
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Fig. 11 Seed distributions on oil belt
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