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Design and Experiment of Precision Seed Metering Device
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Abstract: In order to solve the problem that peanut seed filling effect is poor under the condition of high
speed operation in the process of peanut planting to precision and high speed, a kind of pneumatic
assisted seed-filling precision seed metering device was designed, specially, the structures of planter plate
and pneumatic assisted seed-filling device were mainly designed. For peanut seeds with large particle size
and mass, by analyzing the phenomenon of peanut seed accumulation in the seed metering device and the
filling time, it was concluded that the peanut high-speed seed discharging and filling process needed to
enhance the filling performance, so as to improve the filling efficiency. Through analyzing the principle of
peanut seed filling, the relationship between the movement and force of seeds and seed metering device in
the seed filling process of peanut seeds was clarified, and the influencing factors of the seed-filling
process were analyzed. The key structural parameters of the seed suction holes and seed guide slot of the
seed metering device and the parameters and arrangement of the auxiliary seed blowing holes were
analyzed and calculated by designing the seed metering device with seed guide slot and the auxiliary seed
filling structure with auxiliary seed guide holes. Taking the qualified rate of seed filling and the leakage
rate of seed filling as indexes, a three-factor and three-level combination test was carried out, and the test

results were subjected to multivariate regression analysis to optimize with the optimal objective, and the
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optimal parameter combinations of seed planter plate were determined to be the negative pressure of seed

suction in the seed metering device of 5. 156 kPa, the forward speed of the high-speed planter for peanut

was 8. 007 km/h, and the positive pressure of disturbed blowing of seeds was 1. 149 kPa. In this case,

the qualified rate of peanut seed filling was 95.84% , and the leakage rate of peanut seed filling was

4.06% , which could realize the effective seed filling of peanut seeds.

Key words: peanut; pneumatic type; seed metering device; seed guide slot
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Fig. 1 Schematics of structure of pneumatic assisted

seed-filling air suction seed metering device
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Schematic of posture of seeds being blown

in seed chamber of shell
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Tab.1 Physical parameters of peanut seeds Tab.2 Experimental factors and codes
ZEPESR S (K x5 x JE)/(mm xmm xmm) 15 x10 x8.5 gy HERP SRR AEAE S HURFALATE P sh R IR
TR T i/ g 472. 65 JE x,/kPa W x,/(km-h™") x5/kPa
BRE/ (kgom ™) 1 049 -1 4 8 0.9
FrK 2/ % 12. 87 0 5 10 1.1
1 6 12 1.3
HERp A e B e S 2 0 HERD 28 v BE A DU
30, BEHUXUHE KR (R 2 XU Bk 2 8 A 14 s o ®3 BAREIHSER
Tab.3 Experimental design and results
R % Y. /% Y, /%
e X, X, X,
1 0 1 -1 90. 19 5.38
2 0 0 0 93.78 4.17
3 0 1 1 89.72 8. 87
4 0 0 0 92.76 4.18
5 -1 -1 0 93.59 5.29
6 1 0 1 91.96 6.11
7 0 0 0 93.95 4.09
8 0 0 0 93. 81 5.27
B 14 R 9 0 -1 1 94.97 4.69
Fig. 14  Test equipment 10 -1 0 -1 89.64 7.24
11 0 0 0 93.15 4.23
4.2 RIEHE 12 0 -1 -1 92. 06 4.73
BRI GB/T 6973—2005 ( #kr (4§ 2 ) 5 Fi HLIs B 0 ! 0.4 54
By i) ™, T G RO 4 B 45 4 B0 R 4 D X oo
251 i fh T B0, AR AL 3 W, L3 R I T 3 (8 6 | o 605 548
YEREE R IEAT M e R By B 7 2440 B vl 0, R 17 1 -1 0 95. 84 4.26

LB B 7 5 T 2 P 13 3 Bk T 1 B A
A P 5 0 00 T 0 L 30 0 2 [ I R4 AEDH

Tab.4 Analysis of variance

afeg i 75 %
Y B Y B

FERR IR A], %) 26 AE B 75 Bl i A 50 Bl 4 R A TR TS
=N NG AL S I N v & | L U L LA 5 %

(kPa) (f6 71 5 o 4% FiobL AT 0F 2 ) (km/h) (3 30k AR T e T
T IE e (kPa) 7 Ry 6 R 3R 47 46 A HE P 78 R vk BiEl 62.54 9 18.31 0.0005 34.22 9 11.67 0.0019
e, W BEHEM W A =N 4 ~6 kPa fE X, 8.41 1 22.15 0.0022 6.00 1 18.42 0.0036

i 7 R M 8 ~ 12 kb B R F R X, 2850 1 75.11 <0.0001 10.47 1 32.12 0.0008
B 0.9 - 1.3 KPa, 5 = K Z AL A . R [ 2 X, 278 1 7.34 0.0302 2.00 1 6.14 0.0424
=yl o AN B GE 2 fil A Ak 2% I FE %K

ﬁaﬁi&ﬂﬂi‘% 2 PR ST TR G R Y, R Y, X, X; 0.058 1 0.15 0.7040 4.35 1 13.34 0.0081
BEATGETT 3 M, Herb ST A R D W Ao L % B Bt X,X, 2.8 1 7.53 0.0288 3.12 1 9.56 0.0175
P 0S50 AT B B LA, T 78 2 o W A L T X 351 1 9.24 0.0189 1.47 1 4.51 0.0712
SRR B R R, B g R X 008 1 0.23 0.6495 3.23 1 9.92 0.0162

X, X, 0.45 1 1.18 0.3128 1.06 1 3.26 0.1141

i’% 3 Fﬁ-i—\‘ ’Xl \Xz \X3ﬁ~7 [kl%%éﬁ]ﬁgﬂﬁo X% 15.16 1 39.95 0.0004 1.80 1 5.52 0.0511
4.3 iﬁgﬁ%%ﬁ*ﬁ’ ¥z 2.66 7 2.28 7

;FIJJEH Design-Expert 3.0.6 i}'—(’ﬁ:,%ﬂ%ﬁ%ﬁfﬁ g 1.61 3 2.05 0.2495 1.30 3 1.76 0.2930
. T . - PN - mE 1.05 4 0.98 4
PERTAE A R R B 45 AT BT SR s

A PrR. w4 AR, G4 RS R TR AR A A
AHEH R, p TN T 001, 1 HAMARSH BN, B i sl s B
FE AR 2% 0 p 8 43 3 M 0. 2495 0. 2930, 5] 19 J7 X F A A R R A0 X X, XX X
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p AR T 0.05, 5w A 35, v 2% T 52 i 3
20 TR FE AR 5 B el XX, X R p (K
T0.05, A B E, HE AUy BE. 5
R AN Sk 25 g [md DS I, ff % [l 0 PR ASE A 3 5 A%
TR EH gy R Em R ALG, h

Y, =93.49 +1.03X, — 1. 89X, +0. 59X, -
0.84X,X, -0.91X; —1.90X (27)

Y, =4.39 —0.87X, +1. 14X, +0. 50X, +
1.04X,X, +0.88X,X, +0.88X. +0.65X.  (28)
3T 3R RUE R BT A, 52w A6 AR SRR A A R

J-1
5 1.0
2 :
% 098 X &
% % “p,

A8 T2 U PR 2R R A A= e 3 R b AL O R R D A
87 R A Bl W TE T 5 52 e A6 A T TR RS E IR IR
AR A e SRR A AL R HERR A s Sk
WA IE
4.4 BERMNEERMERE RAEERNZM
FIH Design-Expert 8. 0.6 % {4 X} £ 85 ¥ 47 4b
B, 53 B HE R 4% W b 1 s A8 A R R R AL AT
JEE Bl W IE TR PR3 A 32 AR JH 6k AE A SE R fE
1K) 52 W], B R % 5 W) S 2 114 5 . 30U A el o T 43 AT
W 15 fiis,
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Fig. 15

Kl 15a Sy HE A &5 W R £ R 5 kPa B, 46 4E 5
R AL 2 R 5 P B RO O T 58 BV R e 4E
A Bl 70 Bl A 4 SR A R L B 1. MR 152 B LR
TR A SR A A SR ) 39 R T R AR B
P 2l W IE 0 38 K 52 805 T i S B AR R A, 7R
AN IE R 1.1 ~ 1.2 kPa Bt A B AP 1 G 4% %
Bl 15b Sy 46 A vy o 4 A AL AT JF 3 EE 4 10 km/h B,
HE b 25 W 70 5 8 Sl R IE R 58 B AR FH S A
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ot 67 1) 8 O 5 00 38 W e A1 1) i 2, B 40 2l IR e
1 FE P 386 52 B 5 AR e TH v 1 R 3, 78 46 2 iR
EE 1.0 kPa (A BARA s 72 % . Kl 15¢ HE
25 W 67 Sl 5 kPa B, 6 A= 8 2 4 A AL i a2 B
JE 5 8 Bl R E e 32 B AR R e 4R AR AT e A e R
R M. W 15¢ 7 LLE 1, R0 7% b
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ZE bl g, PR 2R 22 1) 9 52 B AR FH G HE R 25 T R
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Response surface plots of interaction effects on peanut seed filling pass rate and leakage rate

2001 € kn OR§ 25 #EFHLE AR S0 ) i i 2K, i e
BHRRTET 80.0% ,w AR (FWER)/NTEHET
8.0% ., A4k ik I 3R 1y 30 B0, i SRR 1R 4L
SRR AT UL AR A, B AR SRS RS R
Y, =maxF(x, ,x,,x;)
Y, =minF(x, ,x,,x;)
Y, =80.0%
Y,<8.0% (29)
s.t. 44 kPa<x, <6 kPa
8 km/h<x,<12 km/h
0.9 kPa<wx,<1.3 kPa

K Design-Expert 8. 0. 6 #AF L AL # B, Xt H
PREAT PR SR A, 19 B0 B 0 S 850 HEFP 25 W D £ Ry
5. 156 kPa {6/ = B AL ET By 8. 007 km/h 4
FIRAPIE TR N 1. 149 kPa, BB 76 4E Flv 7 55 Fb 5 45 R
9 95.84% JmFE N 4.06% Gt S BALAE R A
4.5 tEbikng

T IR UE bR R B A A ke Y S A RO,
SR FHRH [R) HE b 25 285 44 <0 i B S Fh 2k 8 AR RIS T
VEIRZS (HE g e 5 4B H gl e A ) | 76 V8 i 38 B 8
10,12 km/h R #4755 HAl . 3K 56 B i I 11 v 48
AT, SR IRCHE D 2% R B £ 5. 2 kPa, DL SR Bl G 4K
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Tab.5 Results of comparative test

ENL TR, SR A% HEBiEY4
SR = '
(km-h™") R/ % %
8 95. 83 4.06
SRR P B+
10 94. 68 4.67
WL 1B W =
12 92.52 5.39
8 86. 62 12.31
SR 4B X 10 81.67 16. 94
12 78.48 19.91

M1 5 AT LA Y, 2R F 30 4 Bl 78 7 X HE A 2
TE A5 1o A 25 PR 1 A6 AR 10 HE Rl A 19 78 B 1k B4
R4, RO B W] . REAE 32 v B 2R SRl 2
A FERRPERE o i e HE b A o, Al RO
RE4R THECR BT 2., 7E A V38 12 km/h T, S0 5l
Bl FE R B SO RS M R R T 14. 04 AT 23 K

(1) B0 A8 A v 3l R Al ol B, 0 = HE b 2%
T o Fp s R 22 U e ™ Y ), B T — R
il B 7 A 6 ARG e HE AR R B ORI R R
RFPF I FEFROR

(2) AR AEA: Bl 7 W bR P, X HEF 25 5 DR
Sl B e R ke AR OB S5 M S RGIEAT T I
EW A FLE AR N 5. 6 mm W Rl FLECE Ky 35 0% A fL
I HE 1 B 42 o 230 mm G Bk Rl R AL B AR A
2 mm,

(3) LAHERD 25 W A 00 e A6 A= w5 3 1% Fh BT 3E
PR PSR OE R O 50 I DL R A A R T
FEH NI P AR AR, AT =R KA A
PRI A HE R S A A TAEME R AL & S 80 4
Tt 25 W 671 Ry 5. 156 kPa /4= e S 5% AR AL i 32F
JiE 4 8. 007 km/h 3 W Fh IE Ry 1. 149 kPa, LI,
TEAE G HEN 95.84% Jw K 4.06% , 5t Fh
WOR BT .
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