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A HEFP AR 25 P45 ME I Exploded view of seed metering device struc-
ture; B: HEFP #5214 7 K] Half section of seed rower; C: HEFH 5% Ji5 #I [&
(244 )5 & ) Rear view of seed rower (without rear cover) ; 1. {if 7
Front cover; 2. BUFh 4% Seed pickup tray; 3. Bl € 5% Seed pickup
chamber housing; 4. ¥ % Flange; 5. HE# 2 5¢ Seed discharge cham-
ber housing; 6. HEFI#4ill Seed discharge shaft; 7. I F- % Vane wheel;
8. J& i Rear cover; I it & Seed pickup chamber; IT. HE#f % Seed
discharge chamber; IT1. #F £ Seed drop bin.
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Fig.1 Structure diagram of the seed disturbing side fill -

ing slotted disc type corn precision seed metering device
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Fig.2 Principle of operation of seed metering device
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1. 2§18 Bud surface; 2. T i Top surface; 3, 5. 5 i Table surface;
4. i Side.
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Fig.3 Corn kernel shape parameters
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Table 1 Measurement results of maize seed size mm
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Indicator Maxium Minium Average  Standard deviation
KL 13.0 9.1 115 0.8
Length
B PE w, -
Width 9.6 7.6 8.6 0.5
JEEE 1,

5. 4.5 1 ).E
Thickness 8 0 03
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Direction B
1. P Fl £5 Seed disturbing table; 2. 5 Fifl§ Seed guiding trough;
3. BUFAE Seed picking trough.
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Fig.4 Schematic diagram of the structure

of seed extraction tray
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Fig.5 Schematic diagram of the structure

of the seed extraction tank
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Fig.6 Posture of seeds in the pick-up tank
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Fig.7 Schematic diagram of seed movement
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Fig.8 Analysis of the force on seeds in
the seed extraction tank
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Fig.9 Disturbance process and force analysis diagram
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Fig.10 Simulation model building
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Fig.11 Simulation analysis result
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Guided seed space
A TR R 35 70 R A Diagram of unfilled state of seed guide slot;
B:faE FHOIRZE Stable seed guide state diagram; C: S Fhid 7252 1
43#T Force analysis diagram of the guided seeding process.
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Fig.12 Principle analysis of seed guide
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Fig.13 Test setup
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Table 2 Experimental factors and level codes
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speed P angle
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Table 3 Experimental protocol and results

J¥*% No A/(r/min) B/mm c/() Y/ % Y,/% Y,/ %
1 —1 —1 0 91.67 5.42 2.91
2 1 -1 0 91.38 5.55 3.08
3 —1 1 0 92.96 4.42 2.62
4 1 1 0 89.67 5.42 4.92
5 —1 0 —1 92.90 4.37 2.73
6 1 0 —1 90.85 5.27 3.88
7 —1 0 1 93.29 3.71 3.00
8 1 0 1 91.29 3.75 4.95
9 0 —1 —1 93.24 3.24 3.53
10 0 1 -1 91.91 4.24 3.85
11 0 —1 1 93.20 3.11 3.70
12 0 1 1 93.39 1.53 5.08
13 0 0 0 94.34 2.14 3.51
14 0 0 0 93.99 2.38 3.63
15 0 0 0 94.16 2.19 3.66
16 0 0 0 94.06 2.40 3.53
17 0 0 0 94.32 2.37 3.31
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Table 4 Analysis of variance of regression equations
BRAREY, Ttk EL Y, FRERELY,
Qualified index Missing index Multiple index
e I T
Vanance source ;:lm of EEF&F F P ;:m of AEE P ;'l:lm of A& F P
Squares Squares Squares

1578 Model 30.19 9 99.97  <€0.0001  27.98 9 139.77 <€0.0001  8.68 9 52.51  <€0.000 1
A 7.28 1 216.91 <<0.0001  0.54 1 24.08  0.0017 3.88 1 211.17  <€0.000 1
B 0.30 1 9.07 0.0196 0.37 1 16.43  0.004 8 1.32 1 71.89  <<0.000 1
C 0.64 1 19.20 0.003 2 3.15 1 141.63 <€0.0001  0.94 1 51.10 0.000 2
AB 2.25 1 67.07  <<0.0001  0.19 1 8.51  0.0224 1.13 1 61.76 0.000 1
AC 0.000 625 1 0.019 0.8953 0.18 1 8.31  0.0235 0.16 1 8.71 0.0214
BC 0.58 1 17.22 0.004 3 1.66 1 74.82 <<0.0001  0.28 1 15.30 0.005 8
A* 13.69 1 408.10  <€0.0001  18.14 1 815.66 <<0.0001  0.31 1 17.06 0.004 4
B 3.81 1 11345 <€0.0001  2.91 1 130.65 <C0.0001  0.07 1 3.71 0.095 4
c* 0.35 1 10.43 0.014 5 0.04 1 1.77  0.2249 0.62 1 33.94 0.000 6
52 Residual 0.23 7 0.16 7 0.13 7
JAUIT Lack of fit 0.14 3 1.93 0.266 3 0.10 3 219 0.2318 0.05 3 0.93 0.503 3
2% Error 0.096 4 0.06 4 0.08 4
S Total 30.42 16 28.14 16 8.81 16

H: P<<0.01, M .3 ; P<<0.05, 3% . Note: P<<0.01 is extremely significant, P<<0.05 is significant.

S R 4.5 ke /h, 5] B G 8 AL S
S 1O B A% Bl L T HE R A% BURD 2 R
28 r/min, ZAEFEFLIRE A 8.2 mm LRI F ok 6771
BURp 3, 7E 2 AR B R R 5 |, B R B AL IE 2242
W350 hr, B4 S, 1 B AN 18T 15 s o g 4
BN AR 5092.97 0 IRFEHE R 2.14 % AR 5L
4.89% , TE BRI 45 AR R 22 RVFE N . H A 56
TE TR 50 22 B, e b 0 7oA 4% = OKORS 2 HE A 25 19 45
TRPPAN b fE TR 2K

15 HEXE
Fig.15 Field test

3 i #
ABFFEBI T — R YE A I A 4 RS
A 30 R PURR S5 AL | S A5 AL REORD 45 44 Ak i3

TN S R BT, IF AR T 1 ELIBORR A b AR ST
F [7] Pk 5 B 5 40 o 5 S5 ol , A A0 T ol 5 BB 2

R DL FEMRCR . @ R s
X HERf 6% O B 45 0 2 B0 A T BT B BRI B O3 A
I & H EDEM #3547 05 553 M B AR S Fh i BE L 75
LA B E T S0 HER g TAERCR A SC R R
YRR 5 7 R FL TR B SE R £ L O DL O 3
RAT =R =Ko G .

FIHH Design-Expert #4850 45 R 34780308 43
A, BT o 17 TG A G Sy T HERR PR RE SR AR S A%
PR 2R 2 [ g [ AR, I A A H 7 SR 5 5 i hy 28
r/min A ALV EE A 8.2 mm  FEFI i £ O 6771, 1L
BRI T ) A6 F8 ECh 94.32 % w850 1.95% .
FAREIRECN 3.73 06 , I HEFMPERE RN o 384 FH i) 3K
5 95 U HERh 85 7 B L S B A T B SEBR R R RE
o &8 b5 20 501 Ol < B A% 5 092,97 %0 L T 1 45 2L
2.14% FEREFERA.89%0 . HIRNKXE 45 R 5 LAy
TOUI 45 AR B — S, PO O S 2 2 KON B HE
& TOENFEPR AT SRR A 280K

AFFELE R R, H T TR KFRLLE A B 25 1 ¢
TRAE | F A 1 HEFD 8% EAT BORP AR I 52 KR S35
FEMA O R AR T KA S HERD
arHER R R B ORI RCRAT B AR T . e 2Rl i i
WU R 5P & G519 S 868 — AL R 15
T R CR.



238 LS PN S S 1 42 %
&% ik References D,HE S,ZHONG J Y, et al. Parameter optimization and ex-
e . o e periment of the disturbance pneumatic plate hole metering de-
= ﬁf%,‘xﬂk/"fé\,im ak ﬁﬂc?}lﬁﬂfﬁﬂﬂi@iﬁiﬂﬁﬁgﬁfiﬁ vice for rapeseed [J]. Transactions of the CSAE, 2021, 37
a5 I Z?ﬂk]:&?"?ﬁ‘, 2019, 35( 1%) :23-34.DU (17):1-11 (in Chinese with English abstract).
. . . e e 07 B 5 8 [J/OL L Al LA 4 4k - 1-14[2023-03-
ing device[ J]. Transactions of the CSAE, 2019,35(13) : 23-34 ) ) )
(in Chinese with English abstract). 08]. https://kns-cnki-net. webvpn. xjau. edu. cn/kems/detail/
(2] 250 FEER AL 2T BER 45 0 2 K S RS B 11.1964.5.20230117.1-710.0112.htm1.ZHAT\TG X7, CHEN(? J
BB 500 (], 4l HUBEEHR . 2013, 44(S1) : 33-38. L1 F P, SHIZ L, et al‘. Simulation and e?(perlme%n-t of seed taking
H.DU R C.DIAO P S, et al. Design and experiment of helm- Perforn"-lance o'f‘swmg ?lamp type maize precision seed-meter-
shaped No-tillage precision fertilization planter for corn [J]. ing device[J].1 liﬂnSHCtIOI’lS of the ?SAM: 1_14[2023_03_11}
Transactions of the CSAM, 2013,44(S1) : 33-38 (in Chinese hitps: //kns-enki-net. - webvpn. xjau. - edu. en/kems/detail/
with English abstract). 11.1964.5.20230117.1710.012. html (in Chinese with English
[31 BRIV AR BB R L PRI AR 5 RS 0 batrect). - o
ST A LR L 2020,51(12) : 1-14.LIAO Y T,LIC L1 E%mﬂ%fmigkﬁéigumﬁ%ﬁiﬁHEA%%
L,LIAO Q X, et al.Research progress of seed guiding technolo- Bt SElE ] AL HUREAR, 2022, 53(3) : 60-70. WU W
gy and device of planter[J]. Transactions of the CSAM, 2020, M, CHEN X G, WANG S G, et al. Design and experiment of
51(12) :1-14 (in Chinese with English abstract). combined-hole maize precision dibbler[J]. Transactions of the
[4] T4k, TAEA R0 2 Iy B 1 o T ok HE Rl o2 [ i CSAM, 2022, 53 (3) : 60-70 (in Chinese with English ab-
125 b i [ M BUBE 4, 2022, 53(5) stract).
57-66. WANG J W, WANG Z M, XU C S, et al.Design and (12 2l S i (U4 DR 48 DR AR BB
experiment of intermittent synchronous seeding and reseeding BrLy) AL HLIRE 2, 2005, 36(3) :48-50.L1 C H,XIA TM,
device of duck-billed corn seed metering machine in sloping HE B. Analysis of seed throwing procedure by declined scope
farmland [J]. Transactions of the CSAM, 2022, 53(5) : 57-66 metering device[J]. Transactions of the CSAM, 2005, 36(3) :
(in Chinese with English abstract). 48-50 (in Chinese with English abstract).
[5] ZEE3F M. AR 00, 4 SN2 KRS o HE R 2 XU 365 A [13] SINGH R C, SINGH G, SARASWAT D C.Optimisation of
St e ki [T ], 4 AL 2231 L 2021, 52(7) : 20-39. L1 design and operational parameters of a pneumatic seed meter-
Y H, YANG L,ZHANG D X, et al.Design and test of double- ing device for planting cottonseeds [J]. Biosystems engineer-
side cleaning mechanism for air-suction maize seed-metering ing, 2005, 92(4):429-438.
device[J]. Transactions of the CSAM, 2021,52(7) : 29-39 (in (4] Fgat, BEOU, JAISCHE, 25 I URT It R HER 85 ot B2
Chinese with English abstract). HE[T] RAAURAR , 2015,46(9) :68-76. WANG T W,
(6]  ZSUEUE, BRI, Be i, 20 Sl 8 L 2 e HERD 22 5 TANG H,ZHOU W Q, et al.Improved design and experiment
BefB ELAMHT SR [ 1], 4ol TRR22H L 2020, 36(5) : 38-49. L1 on pickup finger precision seed metering device [J]. Transac-
JJ,ZHANG H P,BI X S, et al. Simulation analysis and test on tions of the CSAM, 2015,46(9) : 68-76 (in Chinese with Eng-
the filling performance of rotary type-hole precision seed-me- lish abstract).
tering device for cotton[J]. Transactions of the CSAE, 2020, C15] Eoll i, BRS7 A, SR SCIF , 45 . FE 5 A v X ] ks s HE R 48 1)
36(5):38-49 (in Chinese with English abstract). Bt (V] &l TR2EHE, 2012, 28(1) : 22-26. WANG
[7] ZEMLE B35 2 [ N AN S HER ST ST IR S Y C,QIU L C,ZHANG W J, et al.Design and experiment of
HaH [T, E R PR, 2014, 35(2) : 12-16,56.L1H C, friction vertical plate precision seed-metering device[ J]. Trans-
sAO F,ZHAO Z, et al.Domestic and overseas research status actions of the CSAE, 2012, 28 (1) : 22-26 (in Chinese with
and development trend of precision seed-metering device [J]. English abstract).
Journal of Chinese agricultural machinery, 2014,35(2) : 12-16, [16] XUHaZS , WRHR , 22908, 45 . KRFEAHLKF R S HEFh AR 7L 15
56 (in Chinese with English abstract). 5 [T]. &0l TR 2#7, 2017,33(8) : 37-46.LIU Y F,
(8]  w#hFFPE, it %, 45 A s Al ps e HERh 5 1 1031 53 LIN J,LI B F, et al. Design and experiment of horizontal disc
B[ T]. Aerh gl Kagaid, 2023,42(1) : 237-247. HAN D D, seed metering device for maize seeder[J]. Transactions of the
HE B, ZHOU Y, et al. Design and experiment of air suction CSAE,2017,33(8):37-46 (in Chinese with English abstract).
type dense planting precision seed metering device[J].Journal — [17] BIERS: , @M 3, JRIE . K AKOF IR SR 25 HERD 88 BUFLIG R 5T
of Huazhong Agricultural University, 2023, 42 (1) : 237-247 [J]. 4k T 2244, 2003,19(2) : 109-113.LIAO Q X, GAO H
(in Chinese with English abstract). W, ZANG Y. Experimental study on the cell of the horizontal
[91  ZEIRA AL, Bhak 5=, 55 =2 P sh < #0 UEHERh £ 2 plate precision meter for corn seed [J]. Transactions of the

AL SREE[T]. Ak TR 2%4), 2021,37(17) : 1-11.L1 Z

CSAE,2003,19(2):109-113 (in Chinese with English abstract).



o5 (BRI i BB BB RS B o1 U Er e A R RV Fay 239

(18] Bk  ARMAUMBETT WM. dbnt: sp RO B2 HoR AR [20] AN, OB . A RRUOR b A 6800 A [T ] M B2 4,

#t,2007.CHEN Z.Agricultural machinery design manual [ M ]. 2008,57(8) :4667-4674.SUN Q C, WANG G Q.Force distri-
Beijing: China Agricultural Science and Technology Press, bution in static granular matter in two dimensions [J]. Acta
2007 (in Chinese with English abstract). physica sinica, 2008, 57(8) : 4667-4674 (in Chinese with Eng-
L191 BPHr, RAR 2%, 4B 7, 45 . HERD S8R0 17 1 s 8 [R) A0 gl Ot lish abstract ).

E ARG R AT (] ARl T AR 244, 2017, 33(23) . [21] SK¥FHS, AEy, T2, & alse A U0 i /OB Rl 28 1 5
15-23.YAN B X,ZHANG D X, CUI T, et al.Design of pneu- B [J]. Al WL A4 , 2020,51(6) :47-54,64.ZHANG Q S,
matic maize precision seed-metering device with synchronous YU Q, WANG L, et al.Design and experiment of scoop-type
rotating seed plate and vacuum chamber [J]. Transactions of precision hole metering device for rapeseed[J]. Transactions of
the CSAE, 2017, 33(23) : 15-23 (in Chinese with English ab- the CSAM, 2020, 51(6) :47-54, 64 (in Chinese with English
stract). abstract).

Design and test of maize precision seeder with
seed-disturbance and side-filling slotted disk

FU Hao',ZHANG Xuejun"?, SHI Zenglu'*, CHENG Jinpeng',
WU Haifeng', WANG Meijing', YU Yongliang’

1.College of Mechanical and Electrical Engineering, Xinjiang Agricultural
University, Urumgi 830052, China;
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3. Tiancheng Agricultural Equipment Manufacturing Co. , Xinjiang , Tiemenguan 841007, China

Abstract This article designed a precision seeder with seed disturbance and side-filling slotted disk
type to improve the seed filling performance of maize seeder. A structure of picking up seed with seed dis-
turbance and side filling was proposed based on the size parameters of maize kernels, which can realize the
attitude adjustment disturbance and seed guidance during seed filling, and effectively improve the activity of
population, and the duration and efficiency of seed filling. The key structural parameters of the seeder were
designed and the principle of seed picking was analyzed by establishing the mechanical and kinematics mod-
els. The simulation analysis was conducted with EDEM software to clarify the disturbance performance. On
this basis, the key factors affecting the efficiency of the seeder including the speed of the seed tray, the
depth of the slot hole, and the deviation angle of seed filling were obtained. A central combination test with
three factors and three levels was conducted based on these factors. Data analysis was conducted on the re-
sults of test, and regression models of the pass index, miss seeding index, and reseeding index were estab-
lished. The results of analysis and optimization showed that the pass index, miss seeding index, the quali-
fied index, and reseeding index predicted by the optimized model was 94.32%,1.95% , and 3.73% when
the speed of the seed tray, the depth of the slot, and the angle of seed filling was 28 r/min, 8.2 mm, and
67°. The qualification index, the missed sowing index, and the replanting index verified through field test
was 92.97%,2.14% , and 4.89% , which was in line with the predicted results of the model optimized. It is
indicated that the evaluation indicators of the maize precision seeder with seed-disturbance and side-filling
slotted disk meet the agronomic requirements of sowing.

Keywords precision seeder; mechanical seeder; maize; side-filling slotted disk type; seed disturbance
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