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Positive™
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LIEFES % Positive pressure chamber; 2.5,% A Air chamber
baffle; 3.#4fL Hole; 4.%1 X% Negative pressure chamber; 5.#5¢
Seed metering device shell; 6. Hi#M 4l Sowing axle; 7. #E 5Tk Air
chamber; 8.HEffi# Planter plate; 9. 714 Seed box.

1 HEFhEREEH
Fig.1  Structure of seed metering device
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B .m/s, J is the centrifugal force caused by the rotation of sesame
driven by the seed metering plate,N; G is the seed gravity,N; N is
the reaction force of the shaped hole on sesame,N; Py is the suction
force of the shaped hole,N; F/ is the internal friction force of sesa-
me,N ; Q is the resultant force of G,J and F;,N; C is the vertical
distance between the center of gravity of sesame seed and the seed
metering plate,mm; d is the diameter of the shaped hole,mm; v is
the linear velocity at the center of the seed suction hole of the seed

metering plate,m/s.
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Fig.2 Mechanical analysis of sesame seed suction
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FCAE Y Sl b=1/d (0<<k<1),

A:# b Horizontal; B: i b Lateral; C: B 57 Vertical. 1.7+
Seed; 2.4 Hole.
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Fig.3 Schematics of sesame adsorption occupation holes
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Table 1 Negative pressure of seed adsorption in three
postures under different pore diameter Pa
WAL/ ™D s np WSS LD (LS VP
0.6 —984 —2 001 —2 275
0.7 —620 —1 260 —1671
0.8 —415 —844 —1279
0.9 —292 —593 —1011
1.0 —213 —449 —819
1.1 — 160 —357 —677
1.2 —123 —292 —569
1.3 —97 —245 —485

7 HP & ENEZ HP is horizontal position; LP N EFZ LP
is lateral position; VP N H L %2 VP is vertical posture; F[d] The

same as below.
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Table 2 Negative pressure of adsorbing two seeds under different pore diameters Pa
AFLEAR/mm Hit b - 48 FEp A b - 0] Fip i Eb+ 1 A b - 0] i (N e E VA JERVAR SN ERYA
Hole diameter HP-+HP HP+LP HP-+VP LP+LP LP+ VP VP+ VP
0.6 —1 966 —2 982 —4 392 —3 998 —5 408 —6 817
0.7 —1 238 —1878 —2 766 —2518 —3 405 —4 293
0.8 —830 —1 259 —1 853 —1 687 —2 281 —2 876
0.9 —583 —884 —1 301 —1 185 —1602 —2 020
1.0 —425 —644 —949 — 864 —1 168 —1472
1.1 —319 —484 —713 —649 —878 —1 106
1.2 — 246 —372 —549 —500 —676 —852
1.3 —193 —293 —432 —393 —532 —670
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Table 3 Negative pressure of adsorbing 3 seeds
under different pore diameters Pa
HIFL 4 /mm Hole diameter fiEb HP B VP
0.6 —2 950 —10 225
0.7 —1 857 —6 439
0.8 —1 244 —4 314
0.9 —874 —3030
1.0 —637 —2 209
1.1 —479 —1659
1.2 —369 —1278
1.3 —290 —1 005
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Fig.4 Critical negative pressure absolute value of

seed suction under different hole diameter
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Fig.5 Seed metering performance test device
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Fig.6 Sesame adsorption posture diagram
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Fig.8 Variation of seed number probability

with negative pressure of air chamber
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Probability variation of seed number under different hole diameters
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2.3 T BBD i 5 i 49 1% B8 ik 36 T3 Y, A Y, 56 98 A T R we B T

ST HER MR RE AR AR SR R Z MR EOC R BBD™® (Box-Behnken design) i{ 56 (% 4) ., £l 5%
L it S B & R BGER BE R AL AR VR B 3 R IS ORI BUA A R T B R R B R
FE ARl % O U R AR B MR Y, . (R 5, ISR 20L&k 6.

% 4 Box-Behnken iX It [l & 4% 5 &

Table 4 Experiment factor code table

i iy BIFLEH A% /mm X il /Pa X HEF Al 4% 3/ (r/min) X5
Code Hole diameter Vacuum pressure Rotation speed of seed metering device
—1 0.9 —800 5

0 1.0 —1 100 10

1 1.1 —1 400 15

#& 5 Box-BehnkeniXI FRINER

Table 5 Test design scheme and results

Hi'5 X, X, X TORLEL G &R/ % TR/ % R/ %
No. - : Qualified rate Y, Missing rate Y Multiple rate Y

1 —1 —1 0 97.87 1.60 0.53

2 1 —1 0 96.20 0.63 3.17

3 —1 1 0 96.27 0.43 3.30

4 1 1 0 90.07 0.00 9.93

5 —1 0 —1 97.53 1.70 0.77

6 1 0 —1 91.60 0.53 7.87

7 —1 0 1 93.10 4.07 2.83

8 1 0 1 91.40 2.43 6.17

9 0 —1 —1 96.17 0.40 3.43
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43R 5 Continued Table 5
Gt X, X, X, ORI G HER/ % A%/ % W/ %
No. B ' Qualified rate Y Missing rate Y, Multiple rate Y3
10 0 1 —1 91.63 0.00 8.37
11 0 —1 1 94.53 2.10 3.37
12 0 1 1 86.53 2.10 11.37
13 0 0 0 94.70 0.93 4.37
14 0 0 0 95.63 0.00 4.37
15 0 0 0 95.80 0.87 3.33
16 0 0 0 94.90 0.47 4.63
17 0 0 0 95.93 0.47 3.60
% 6 Box-Behnken ik 3& /7 = & #f
Table 6 Variance analysis result of Box-Behnken test
52K G FORL LA R Qualified rate Y, % ¥ Missing rate Y, A% F Multiple rate Y3
Variation source SS DF F P SS DF F P SS DF F P
5 # Model 138.62 9 23.02  0.000 2** 18.10 9 13.01 0.001 4** 140.96 9 29.61  <C0.000 1**
X 30.03 1 44,89 0.000 3"~ 2.21 1 14.28  0.006 9" *  48.53 1 91.73  <C0.000 1*~*
X2 51.36 1 76.78 <C0.000 1** 0.60 1 3.91 0.088 4 63.11 1 119.30  <€0.000 1~
X3 16.16 1 24.16  0.001 7~ 8.14 1 52.65 0.000 2" * 1.36 1 2.57 0.152 7
X1 X2 5.14 1 7.68 0.027 6" 0.071 1 0.46 0.519 4 4.00 1 7.56 0.028 5
X1X3 4.48 1 6.70 0.036 0" 0.054 1 0.35 0.574 3 3.55 1 6.72 0.035 9"
X2 X3 3.00 1 4.48 0.072 0 0.04 1 0.26 0.626 6 2.35 1 4.43 0.073 2
X: 0.85 1 1.27 0.297 3 1.40 1 9.04 0.019 7~ 4.42 1 8.36 0.023 3*°
X3 2.32 1 3.47 0.104 9 0.88 1 5.67 0.048 8~ 6.05 1 11.43 0.011 7*
Xg 24.94 1 37.28 0.000 5"~ 4,73 1 30.57  0.000 9" * 7.95 1 15.03 0.006 1~
5% 22 Residual 4.68 7 1.08 7 3.70 7
KAl Lack of fit 3.44 3 3.71 0.119 0 0.52 3 1.23 0.409 0 2.45 3 2.60 0.189 6
1®2% Error 1.24 4 0.56 4 126 4
B4 Total 143.30 16 19.18 16 144.67 16

1 Note:SS: 75 #1 Sum of squares; DF: [ i1 J# Degree freedom; F:F {8 F values; P:P {f P values; * * RN HF(P<0.01);

* R B FE (P<<0.05),
HAL NP AEY, IR Y, MEHREY,
SHM SR ER X, REN R A X, FHEF

% % is important significant (P<C0.01)

, % is significant (P<C0.05).

e R X, ) A = o0 R R R A3

Y, = 95.39 — 1.94X, — 2.53X, — 142X, — 113X, X, + 1.06 X, X3 — 0.87X, X; + 0.45X7 — 0.74X3 — 2.43X3

Y, =

Y; = 4.06+2.46X, +2.81X, +0.41X; +1.00X, X,

HI3R 6 AT, SR B G M R Y, Ak R Y, Fl
Y, AR A S A B 3 e B 3% (P <<0.01) , [#]
A A6 4 01331 449 3 B R R 3 (P =>>0.05) , FE K 5
10 R N A 5 S R A L AU . AT A5 R X X
RLECA M SR S T HEFP AL AR X LU
FLASHE X, HERR G % S X FHE Rb Al 55 5 — vk 7 T
X% R HEAKE P<T0.01, % 7 ORBUE Fe 2 5 10 B
WEAAERSNEES LT X, X, A1l
FLARS HER S B 22 B X, X, B9 S 3 K OF
P<C0.05, XF 7R BB % 265 ) S 2 5 LR I I 3 M
IK P=>0.05, XF 7R B A% R SE R 2 . 4r T

0.55—0.53X, —0.27X, +1.01X; +0.13X, X, — 0.12X, X, +0.10X, X; + 0.58X{ — 0.46 X3 + 1.06X3
—0.94X, X, +0.77X, X3 — 1.03X7 4+ 1.20X35 + 1.37X3
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Fig.10 Effects of interactive factors on eligible rate,missing rate and multiple rate
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Table 7 Seed metering performance of optimized parameters

B JURLEL Number of grains BRI B/ % W/ % TR/ %
Test No. 0 1 2 3 4 Total number of grains  Qualified rate Missing rate Multiple rate
1 0 75 58 21 6 160 96.25 0 3.75
2 0 65 61 25 9 160 94.38 0 5.63
3 1 69 64 23 3 160 97.50 0.63 1.88
SEHIMH Average 96.04 0.21 3.75
3 i @ E R TN OB O - S ) S ) BN =

AHIE5E LA AE $ SR 20 4 20K B HERD 28 S8 B 58 X0
G R T HERD 2% WD ok BRI A R, AT T
ol =~ W R 1149 AN [ 22 25 R JHE 5 0 L 42 f oo R YOG &R
KM Z BRI 535, 0 B A5 B T O [R) 15 4% 2 FL T
B 1~4 R0 fh+ B 55 G A, B T B AR R
0.8~1.1 mm K EfEH—600~—1 600 Pa i}, 7]
A R ARHEFD 25 T W 5 R0 B IR T 2R
FE1R/70, @ Fis B RS B G 5L
B A B T R B A A T Sy R D ¢ D
B A3.5 1+ 1,85 B R W], B A5 % 46 %0 (5 1
R W A B R R A A e S S i . B 4K
8 W 2 o 1 o 45 780 L AR 4 K HE R il A ek LR
25 00 4 G 38 L AL L OB BB 4 R A 1 KR
AN T RN B ARG R T T HE AR i
HJ5~15 r/min BRALEHAEN 0.9~1.1 mm . LEM
JERN —800~—1 400 Pa B, Hl ol 2 HEF 5T &2 5L
B mi L T Ak ST T HE R BE R AR S A R
Z (B T A A fE A A5 AE L B AR 1.0 mm,
REM N —800 Pa HEFP % 7F 8.66 r/min Y,
TORLEL A RN 96.04 % TWHE R R 0.21%  EHE R
h3.75 %0 HERDME RE AR, T A2 2 JRRORG 2 I % P L
Ko SRS TT R HERD 28 R S H0AL A TR I 2R H ]

PR 2800 5 OB RORI 7 BE A 32 i R A, DA — 20 4
i A MR
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Seed suction performance and experiment of sesame

precision hole seeding metering device

LIN Pian,LIAO Qingxi, WANG Lei, WANG Baoshan,LIU Hai

College of Engineering  Huazhong Agricultural University/Key Laboratory of
Agricultural Equipment in Mid-Lower Yangtze River ,Ministry of
Agriculture and Rural Affairs ,Wuhan 430070,China

Abstract A critical negative pressure model of seed suction process of metering device was estab-
lished with the principle of combined seeding with negative pressure suction and positive pressure injec-
tion to figure out the practical problems of sesame production including low efficiency of artificial plant-
ing,time-consuming and high labor intensity of thinning and setting seedlings after emergence,and lack
of suitable precision hole metering device. The different posture of seed suction and the contacting area
between seed and pore was analyzed. The critical negative pressure of 1-4 seeds adsorbed by the hole was
obtained with the multi-objective optimization method. The optimal hole diameter range of sesame preci-
sion hole sowing was determined to be 0.8-1.1 mm. The results of the image shooting test of the seed
suction and transporting state showed that the different adsorption posture and probabilities of sesame
was horizontal lying : side lying : upright & 3.5 1 1. The variation of negative pressure required by
different number of seed suction was consistent with the critical negative pressure model. The optimiza-
tion test based on response surface was carried out to analyze the effects of the diameter of metering disc
hole,rotation speed of seed metering device and negative pressure of air chamber on the seed metering
performance including the rate of qualified number of seed in the hole, the rate of missed seeding and the
rate of multiple seeding. The results showed that the rate of the qualified number of seeds in the hole,
the rate of missing seeding,and the rate of multiple seeding was 96.04 %6,0.21% ,and 3.75% when the di-
ameter of metering disc hole,the negative pressure and vacuum degree of the air chamber,and the rota-
tion speed of the metering shaft was 1.0 mm, —800 Pa,and 8.66 r/min,meeting the agronomic require-
ments of sesame planting. It will provide a reference for improving the structure of sesame precision hole
seeding metering device.

Keywords sesame; precision hole sowing; seed metering device; critical negative pressure; number

of seeds sucked; air suction seed metering device; combination of positive and negative pressure
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