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Structural design and performance test of one pneumatic
millet precision seed metering device

LI Dapeng. LIU Fei, ZHAO Manquan” , YUE Yao. ZHANG Tao, LIN Zhen

(College of Mechanical and Electrical Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract Aiming at the problem that the existing pneumatic seed metering device is difficult to achieve fine seeding for
small-sized seeds such as millet, and according to the physical characteristics of millet shape., a spoon-aspiration
combination millet precision metering device was designed by optimizing the structure of the metering device to study
on the influence of the structure and parameters of the key components of the seed metering device on the seeding
performance of millet. Using the JPS-12 seed metering device performance test bench, three-factor and three-level
orthogonal experiments were carried out. The rotation speed of the seed metering axis, the spoon position angle and the
central angle of seed spoon were considered as test factors. The qualification index of hole seed number, the qualified
index of the distance between holes, the void index and the coefficient of variation of the distance between holes were
taken as the test indexes. The significant effects of various experimental factors on the performance indicators were
analyzed. The results show that the optimal working parameters of spoon-aspiration combined small-size seed precision
metering device were central angle of seed spoon 45°, spoon position angle — 15° and rotation speed of the seed
metering axis 10 r/min. The comprehensive performance test index of optimized seed metering device was 88.7% of
the qualified index of hole number,87.7% of the qualified index of hole spacing, 1.3% of the hole index and 12.3% of
the variation coefficient of hole spacing. In conclusion, the seed metering device meets the precision seeding and
agronomic requirements of small grain crops.
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Fig. 1 Structure schematic of spoon-aspiration combination millet precision metering device
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w is the angular speed of the seed tray,rad/s.
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Fig. 2 Schematic diagram of working principle of

seed metering device
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Fy is the supporting force required for seeds (pointing to the
center of the spoon), N; Fy is the friction between the seed and the
spoon, N;G is seed gravity,N; J is centrifugal force, N;a the Angle
between oj direction and vertical direction, (*) ;8 is the angle between
oi direction and supporting force direction, (°); o is the origin of
coordinates;oi is the tangential direction (linear velocity direction) ;
oj is the normal direction (the center of mass points to the direction
of the center of the seed tray) ;o0 is the center of the seed tray. Other

quantity symbols are the same as in Fig. 2.
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Fig. 3 Force analysis of spooning seed process
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F is the suction required to adsorb seeds,N; Njand N, are the
supporting force of suction hole to seeds, N; N is the resultant force
of Niand N (vice normal direction) (N is the resultant force of N,
and N2).N; T is the resultant force of G and J,N; F; is the friction
between seeds,assuming that its direction is o7 negative direction, N;
F, is the friction force between seed and seed tray, N; F5,; is the
component of friction force in oi direction between seed and seed
tray,N; F5 ;is the component of friction force in oj direction between
seed and seed tray,Nj;ok is the vice normal direction (perpendicular
to the plane of the seed tray). d is the diameter of suction hole,m;s
is the distance between the seed center of mass and the seed platter,

m. Other quantity symbols are the same as in Fig. 3.
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Fig.4 Force analysis of seed adsorption process
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The symbol of the quantity is the same as in Fig. 4.
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Fig.5 Force analysis of seed in clearing planting area
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The symbol of the quantity is the same as in Fig. 4.
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Fig. 6 Force analysis of seeds in seed-carrying area
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The symbol of the quantity is the same as in Fig. 4.
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Fig. 7 Force analysis of seeds in throwing process
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Fig. 8 Schematic diagram of structure of metering tray (a) and position of seed spoon and sheet sucking the seed (b)
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Fig. 9 Schematic diagram of suction chamber structure
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Fig. 10 Schematic diagram of seed chamber structure
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Fig. 11 Seed metering device performance test bench
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Table 1  Orthogonal test factor and level of seed metering device performance
K| £ Factor
7KK — : , — i :
Level ALERATIE LG f /() B HER 33 / (r/min)  C, BRATALE I A/ (D)
Central angle of seed spoon Speed of seed tray Seed spoon position angle

1 60 15.0 —15

2 45 12.5 0

3 30 10.0 15

x2 HHMBEERETRBER
Table 2 Orthogonal test results of seed metering device performance
2 K F{H Factor level TORLELA A% A s i e ~
- Cow o o 22 AR B/ S HAR S ZEATINAL
i R/ o HeH : o ‘
25 3| o , % AE/ % P H
Test Qualification Hole spacing ) )
A B Null C ) o Empty hole Hole spacing Comprehensive
number index of hole qualification ) o )
column ) index variation index weighted score
seed number index

1 1 1 1 1 73 73 3 19.78 21.12

2 1 2 2 2 41 79 0 10. 65 18.78

3 1 3 3 3 76 71 1 15.74 20. 16

4 2 1 2 3 87 85 6 18. 11 12. 42

5 2 2 3 1 85 94 4 13.89 5.08

6 2 3 1 2 76 91 2 11.33 6. 88

7 3 1 3 2 38 67 15 35.40 39.42

8 3 2 1 3 21 63 17 38.12 46.12

9 3 3 2 1 46 66 14 35.62 38. 39

EABCCRIEmFR, BA R 1, FRRF. S50 TRES.

Note:A, B and C are test factors. See Table 1 for details, the same as in the following table. Null column for error analysis.
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Table 3 Results of range analysis of seed metering device performance
R Hi b7 ST . R
Test index Analysis item Error )
K, 191 191 171 209
K, 248 147 178 147
NG A 1=Ps 0
FORLBUE R B 70 K, 101 202 191 184
Qualification index of hole
2 R 147 55 20 62
seed Number
MR EK A>C>B
BARAA A,C By
K, 223 225 227 233
K, 273 236 230 237
e I\ b K 0
T A St S K, 195 228 232 219
Hole spacing qualification
. 7= R 78 11 5 18
index
H®F K A>C>B
BARAS A, C, B,
K, 4 24 22 21
K, 12 21 20 17
22N AE R Y% K; 46 17 20 24
Empty hole index W2 R 42 7 2 7
= EX A>C=B
Bihdl s A C,B; /A B C,
K, 46. 17 73.29 69.23 69. 29
K, 43. 33 62.66 64. 38 57.38
TS R AR Y K; 109.14  62.69  65.03  71.97
Hole spacing variation index 2R 65. 81 10. 63 4. 85 14. 59
FEEW A>C>B
BILHE A, C, B,

Ko FAE—F0K5 0 BB X RE 45 R 2 . i=1.2.3,

Note: K; is the sum of the corresponding results when the level number on any column is 7

(i=1,2,3).
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T8 B bR RS fh e 34T A o /I 7 AR
L3RG AT 23 X 10 6 45 2R kA7 B 22 20 B (3R 5)
AR AR B AT L Z B B R A B A 457
AIOLE S M — 157 HEF A #5310 r/min,
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Table 4 Results of variance analysis of seed metering device performance
- =S 3 T ¥ F1{& e
[ TR ) A . L2l
Source of Quadratic Mean Variance
Test index ) Free degree ] Saliency
variance sum square ratio
» . A 3 362 2 1 831 53. 31 s
FORLEA KRB Y
B 565 2 283 8.22 —
Qualification index of hole seed
W2 68 2 34
Number
C 649 2 325 9.44 *
A 1 347 2 674 336.75 XX
SR AR IR AL B 21 2 11 5.25 —
Hole spacing qualification index R 4 2 2
C 59 2 30 14.75 *
A 332 2 166 368. 44 XXX
25 SR EL/ U B 8 2 4 9.11 *
Empty hole index TR 2 1 2 0.5
C 8 2 4 9.11 *
A 923 2 461 192. 27 XK
SRR SR B B 25 2 13 5.25 —
Hole spacing variation index R 5 2 2
C 67 2 34 14. 85 *

TE - F>99., BAT & B 35 M52, ™«
“x PRI P9, R R FH KR —

VRN .

Note: F>>99,with a highly significant impact,expressed by “ xxx

9< F<C19,with a significant impact,expressed by “ *

x5

5 R 19 F<<09, HAT IR % B H M ™

SEMBUESERESTER

73 F<<9,without a significant impact,expressed by

Table Comprehensive weighted score range analysis results
WA i R K [N ZE Text factor
Analysis item A B C
k1 20. 02 24.32 21.53
ky 8.13 23.33 21.69
ks 41. 31 21. 81 26.23
BILHE A, Ci B,

Better decision

ERYIIN SN

levels.

s SRR 2 B R A OKF R SR A A B9 E 2 A

Noties: k) » k2 and k3 are respectively average values of the rusults of

Fon9<F<<19. BA & M. i

n ”»

73 19<CF<C99, with a very significant impact, expressed by “ xx ”;
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Table 6 Verifiction test results of seed metering device performance %
ENSE e B85 Text number - fi bl
Test index 1 2 3 Average value Standard value
TORE A RS T8 B 88 86 92 88.7 =80
Qualification index of hole seed number
AR iE ik 86 87 90 87.7 =80
Hole spacing qualification index
Z5 AR EL 2 1 1 1.3 <2
Empty hole index
TR S B AL 15 10 12 12.3 <40
Hole spacing variation index
PN (3] AR, 48 e, ok W, T, ARG == kb k. 7 R =04 F X
S & ik AR 2R BT ROE S W5 [T ). R LA B 5E . 2018,40(8) «
. . e 134-140
D) AW G HEFP 3 B v 2% 34T 1732 01 4 B A . .
. . Zhao X S,Guo C L,Sang Y Y,Yu L H,Xu P Y,Du X. Design
ﬁigﬁ ’/ﬁfﬂj ﬁ/j . L‘\% ﬁﬁ{iﬁ;&ﬁ *ﬂﬁFﬁFﬂ and orthogonal test of vacuum millet hill-drop seed- metering
4».[_4 Ky
i’f%: %XT?”E*':F r 2954 ﬂmﬁ%‘ o device[ J]. Journal of Agricultural Mechanization Research ,
DR AT RS FREHERS T T IE 2018,40(8):134-140 (in Chinese)
féﬁﬁg’ﬁ,/ %}Dﬁﬁ[fﬁ%%l‘i‘*gﬂ@jzﬁ\%%j “'ﬁ/j (4] BT R I8 HE . G 2 HERD 25 (B & R LT ). Al BHEE 5 %6 4%
0 6 5 A 9 S H R 8 01
N o Zhao L. P, Na X Y. Present situation of research and
3) HEFR &% B TAEZ B0 B A AT IE G 457, . . , ,
development of precision seed metering device[ J]. Agricultural
ﬁﬁ{lﬁ%ﬁ —15° ﬁFﬁ%%ﬁE 10 r/mln’ tH—J‘ Science & Technology and Equipment, 2014 (6); 30-31 (in
TORLELA K AR BN 88. 7% . yHE 4 K% 48 %L 87. 7A . Chinese)
25 AR 1. 300, AR S R A 12,304 3 /2 /A A (51 V@I iU ER V. [0 U158 B 1 A DR B 2 B
VEWIRG B R A 2K (37, A HLALTFSE . 2011,33(2) 1 234-237
Xu J P, Xie Y F, Xu T. The present technic status and
= developing tendency of the domestic and abroad drill [ J].
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