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Design and Experiment of Trough-hole Combined Type Multi-variety
Green Manure Quantitative Electric Evenly-sowed Mechanism

YOU Zhaoyan' XU Hongbo' GAO Xuemei' WU Huichang' YAN Jianchun' LI Zhongyi’
(1. Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China
2. Agricultural Resource and Environment Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China)

Abstract: In order to solve the problems of low applicability of seed metering device, low quality of
seeding operation and low production efficiency existing in the current seeding methods of green manure,
a trough-hole combined type multi-variety green manure quantitative electric evenly-sowed mechanism was
developed, the key components such as the pyramid seed box, the trough-hole combined type seed
metering device and quantitative electric evenly-sowed components were designed. The sliding friction
angles of the eight main green manure varieties were measured, and the minimum inclined surface angle
of the designed pyramid seed box was 35.5°, on the basis of the seed size, totally 1000 grain weight and
seed consumption of per unit area, the seeding channel of the trough-hole combined type seed metering
device could be selected and the effective opening of the channel could be set as well, by using EDEM
software , the simulation model of the evenly-sowed mechanism was built, and it was verified that the
probability distribution of the seed fallen on the ground after colliding with the cylinder was quite
consistent when the diameter of cylinder was ranged from 3. 2 mm to 6. 8 mm. Qingyijiang NO. 1 was used

as the test material, the multiple factor experiments, as well as regression analysis of the test data were
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carried out, the results showed that among the three factors in the experiment, the rotation speed of
sowing wheel had the greatest influence on the emergence rate and uniformity variation coefficient of
sowing, while the forward speed of machine had the least influence on the emergence rate and variation
coefficient of sowing uniformity, regarding the stability variation coefficient of each row sowing quantity,
the most influential factor was the even-distributed cylinder diameter, and the minimum impact factor was
the rotation speed of sowing wheel, the optimal factor parameters combination which affected the sowing
quality of the trough-hole combined type multi-variety green manure quantitative electric evenly-sowed
mechanism was as follows: machine forward speed was 3. 36 km/h, rotation speed of sowing wheel was
44 r/min, even-distributed cylinder diameter was 6. 14 mm. Verified by field experiments, the Astragalus
smicus emergence rate was 96.49% , consistency variation coefficient of each row sowing quantity was
11. 73% , variation coefficient of sowing uniformity was 8. 67% in the condition of the optimal parameter
combination, the relative error was below 6% compared with optimal values predicted by the model,
which validated the optimal values of the three factors. Compared with the existing methods of sowing
Astragalus smicus seeds, the designed trough-hole combined type multi-variety green manure quantitative
electric evenly-sowed mechanism had a work efficiency of 0. 8 hm*>/h to 1.0 hm®/h, which was superior
to the artificial sowing efficiency of 0. 1 hm*/h to 0. 125 hm*>/h, the hand-shaking efficiency of 0. 2 hm’/h
to 0.3 hm’/h and the motorized sowing efficiency of 0. 5 hm®/h to 0. 8 hm®/h, which was lower than the
UAV sowing efficiency of 3 hm’/h to 4 hm®>/h. In addition, the seeding quality was also significantly

superior to that of other methods, which had a good prospect for application.

Key words: green manure seeder; trough-hole combined type; multi-variety; evenly-sowed
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Fig. 1 Diagram of trough-hole combined type multi-variety
green manure quantitative electric evenly-sowed mechanism
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Tab.2 Performance results of indoor sowing test %

5 HEFp R IR % y TR FREU,
1 4.30 7.37
2 3.87 6.87
3 4.90 7.59

- 3 {1 4.36 7.28
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Tab.4 Protocols and results

EATHER G

HLH AT HERP RS S0 E

T Y sz; MR S
=] R/% SEH SR
(km-h™1) (remin™0) - mm S/%  UJ%

1 3 44 3.2 95.50 13.20 13.40
2 3 44 50 97.10 11.50  9.50
3 3 44 6.8 96.00 10.20 11.30
4 3 48 3.2 9330 12.10  15.00
5 3 48 5.0 9580 10.20 12.70
6 3 48 6.8 9420 9.40  13.10
7 3 52 3.2 90.40 11.00  15.90
8 3 52 5.0 92,10 9.80  13.80
9 3 52 6.8 91.10 810 1430
10 4 44 3.2 95.90 14.10  10.10
11 4 44 5.0 97.30 13.60  8.10
12 4 44 6.8 96.10 11.10  9.40
13 4 48 3.2 93.40 13.00  13.60
14 4 48 5.0 95.90 11.50 11.60
5 4 48 6.8 9470 8.80  12.70
6 4 52 3.2 90.70  12.30  14.80
17 4 52 5.0 9320 11.20  13.30
18 4 52 6.8 91.10 8.40 1410
19 5 44 3.2 96. 10 15.4 14. 60
20 5 44 5.0 96.70 14.8  10.50
21 5 44 6.8 96.20 12.6  11.80
2 5 48 3.2 9460 14.5  15.90
23 5 48 5.0 95.70 12.6  13.20
2 5 48 6.8 9520 10.7  14.30
25 5 52 3.2 91,20 13.4  17.00
26 5 52 5.0 9420 117 14.60
27 5 52 6.8 91.50 10.2  15.80

BB R B2 ST B AE AR Rl 5 e 3 )
BRI ANIE 9 Fros, B H a b e 3 1k 22 57
FrRico e PR AT AL T S R Xk RS R A
o) Pl BT LA RN HE R A8 X R R R
Wt 23 o B A AR 38 O, Hh R E T e A R L TE
SRR AE LA S mm  HLEATHEEE N 4 km/h B
B R, N 97.3% (ES BB A B AR 3.2 mm i,
BRI AR, O 90. 4% o Bl HE B 8 B A9 3K,
H B AR R SR R A FE HE P AR 55 44 v/min, HL
HATHEHE N 4 km/h B, H R e, 8 97.3%
TEHEM 58 5% 3 52 v/min, HLH {7 #E 3 2 4 km/h
I B R, 90. 7% o SRR AR T R AR 2 B
e ol 19 A A BR S5 R R T 5, PR A
JESRR AN o I [ A E AR W OT 4 36 et s e 1
SIH IR ) 9 2 B A ORI 3 S Bk T A )
AL, R A B T s B B R AR BE— 2 N, &

ol AT ] 114 25 B o /0, bl 1 5 0 i [ A ] 22 1
B 7 A T R 2 B SRR R HE R e e
TNEE , HERRFE v T 19 55 25 S Fh 115 5 Ff 5 A 9 13
iy Sy BB Z 38 & AR T ARR R

[132mm []5mm [ 6.8mm
44 v/min BB 48 r/min EZ=] 52 t/min
981 b a b a

96»acb alcpmb b

c
94+ "
92t i : i

b a
a (4

90
881

/%

86|
84t
82t

80 . I i
3 4 5
HLEFTHEE/ (km-h")

PO 45 PR %k i % 00 B0

Fig.9 Effects of various factors on emergence rate

w1 B 10 mT 1, BLH. i 58 R | 20 b AT B AR A
HEFh 48 5 Xh 25 A7 HE i — Bt & R BT
Wit AL L I S R Y O, A AT R R — B R R AR
RO R AENLE TR E 3 km/h W), A 47 HE B
— B S AR BRI, D 8. 1% fE AL R T E
5km/h i, & 17 HF & — S ML F R B E KR, N
15.4% . WEHESIM IR AL BAR A4 K, & 17 H E — 3L
PEARS S R RO 3 T W R ST B AE B AR 3.2 mm i,
FATHER — B AR S R RECR, 15, 4% AE 2] Rl
B FE B4R 6.8 mm W), £ 17 HF B — BUPE L 57 R B
N8 1% o Bl HE R RS e A R, A AT HE R —
B S RO T B 7R FE HL 3 44 o/ min 1),
FATHER — B AR e R RECR, 15 4% AEHE R
R 52 v/ min I, AT HEE — B AL 5 R URD,
8. 1% o J PR 3 A« 24 AL . Fi 2k R M i B, 5 s
e ol 5 7 2 M LAY S A1 sl B R, O DR IE R TR AR
Bl Tk, T S W R R A, S R AT R —
B S R E TR SO B AE BLAR IS ), 2
Foft 168 K [ ) 25 B B 2 A /N, Bl AR SRR LI N = &
i B 22 Ul £ O 56 B S) R AR A AT HE R — B
AR S RN S TR T AR AR AT, e A
T 58 ) Tl AR K B AR AT o HE R AR B g R
1N - UK 178 G (S5 E A R S A NI U R RS e
FERIE 15 I A3 3l X B 2 3K, 2 ST HLI IS
SN, R R I N RS A TR L A
G 8 AT HE R — B S R AL/

Hy 1 11 RTA BILRL R R S0 (R4 EL AR A
Tofr 8 B OGS R 22 ) 18 S R BGE W B3 BEE AL
LI R JRE 1) 1R R 2 SRR S AR e el N P Y
RGFEPUHATHEE L 4 km/h I $icRE 2 20 P72 57 R AR




W1 WEIRAE % . Al XA A X 2 i I i 3 STk A B R T 5 A5 61
B = el — el R, B AR 5] DA 20 6 AL AL 75 5 B A o 22 AR
il ot K, SIRACRAT TR ARG, IRV BRF , s 2 90 KU o
= 2o FIHERD 5 T 100 R 27 A, B s
%B 2 oa } b i SR, XD 20 R WL 1 2 4 A1 5 K, BN
CREI A R 7 RS PEAE  R AL AER
m]]ﬁn- o £ 4.3.2 [EIHSHr
= oop | T : 3 JI Design-Expert 58 43 B 88 , % 048 i 90
€ o} SR RIEAT I 5T 45 T 26 08 th 10 3 R, 47 HE
8 I —ﬁzf A ZHS, MR SIS 5 BB U S

HLE AR B/ (km - h")
B 10 4 PR 4 AT HE i — BorE R S R A0
Fig. 10  Effects of various factors on apiece row

consistency variability coefficient of seeding quantity

3.2 mm 5 mm 6.8mm

44 r/min 48 r/min 52 r/min
a c

5

’ T/L,ﬁLr]fJ‘i&i%PZ/l km-h!
Bl 11 %%Xﬁﬁﬁ?ﬁi@’ﬂﬁ’ﬁagﬁm A
Fig. 11

Effects of various factors on sowing uniformity

variation coefficient
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Tab.S Significance analysis on sowing performance

. F P
R R, S, U, R, S, U,
BIfl  65.59 62.86 38.00 <0.0001 <0.0001 <0.000 1
X, 0.29 7.67 56.64 0.5997 0.0131 <0.000 1
X, 42.47 28.80 30.27 <0.0001 <0.0001 <0.000 1
X, 0.11 50.90 4.03 0.7389 <0.0001 0.0609
XX, 3.51 1.10 0.11 0.0784 0.3095 0.7400
X, X;  0.50 0.70 0 0.4871 0.4136  1.00
XXy 0.15 0.70 1.02 0.7032 0.4136 0.3258
X*  0.00834 1.25 50.55 0.9283 0.2785 <0.000 1
X2 16.15 5.31 7.31 0.0009 0.0341 0.0151
X2 76.86  3.04 54.50 <0.0001 0.0990 <0.000 I
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R, =96.53 +0.79X, — 1. 82X, +0.094X, +0.48X X, -
0. 18X, X, +0.05X,X, +0.067X; —0.73X> - 1. 6X.
(12)
S, =14.51 +3.78X, —1.38X, — 1. 84X, —0.25X, X, —
0.2X,X, —0. 1X, X, +0.76X; +0.39X; —0. 29X,
(13)
U, =19.13 +14. 88X, +2.06X, —0.75X, +0. 12X X, +
0. 18X,X, +6.96X; —0.66X; +1. 81X, (14)
RS AN, R R, & AT HE R — Bk
RECS, AERNI S PEAR S R B U O TE B P <
0. 000 1, [ Y= 75 4 v 44722 o5 X 48 B 52 Wil 1) S8 25 M
F RS A€ WA TR F BT LUFE Y, HE R e e e
SRR IRIAE BAR X R S, 25 PR S
KRBTy - HE R & 5 A9 [ A A2 PLHE L
HEERE o MU EEE R HER AR L o) R AE AR
XF AT HE B — Bk AR S R BOY R 3 SRR
KBNSy 5 Fh B AT B AR WL R B | HE Rl 48 5%
o AL R HE R RS A A (R A AR X
e S MR S R BCA B E R, H R R Bk
7o HE R e B A0 R R A AR L PIL L R



62 & A Bl B ¥ i

2020 4

HARBEEC R, .S, U, g & ZECR 4399 0.972 0,
0.970 8 .0. 952 6, F W [n] IS A A5 1R =5 RO #6048 BE
6 1% VE B 70000 4% $H0RG ME RE FE AR AO AR L AR A o

5 SHNHULSHIE

51 ¥mEMRERZRNSHMAL
MR N AR L e B S SR E
IR E BAR A PR AR, DA R S i A AT HEE — X
PR S 28 B8R AR AN A A 24 5 P A e R e A ) 2 A
FERIZOR AL H AR, BT Design-Expert 50405 70 #r
B A4 Optimization — Numerical A5 B X5 [8] 9 J5 i A5
RUPEATIZ HAR DAL S B G K, AR N
max R,
min S,
min U,
(15)
-1=sX, =1

s.t. | -1<sX,=<1

-1<X,<I

ARG 7 B 5 2= SR TT VA HLI% b AR L e 2
KA N LR AT O 3. 36 km/h, HE A48 He
g 44 v/ min, SJFPIE AL B AR 6. 14 mm o B RS 7R 5000
Y5 2 O RN 96. 87 % , & A7 HE i — Bk AL 7
AL 24% WAE 2SI VR AR S A9 17 %
5.2 WIERX®

AR DG A BT A 52 0 1 74 5 522 i i T o
SIRACE A R N R W ES LS (BRI
AT 5 g I e B E R S B R B IE
3.4 km/h, # B 5 5% O 44 v/min, 5] Ff 5] AR B A2
6 mm) , LS 25 B¢ i R 25 AT HE R — B e R
B HE PP SRR S R BN R 45 5, 2019 4F 11 A
TERHLTL T BH o5 — oKk e B A kA7 3 U &2 30 ik il
B, iR B Gk B 45 R AT R, R om S RO
96.49% ,SATHE R — S AL R R R 11.73% , 1% Ff
PSPk AE 52 R A 8. 67% , 5 Design-Expert £ 4fs 53 #r
PR R TIN A B R A AT R — B R R AL
T 29 20 P A8 5 AR RO A6 R BUE AR X IR 2 2/ T
6% A Je MR 72 & X2 il Bl R I S S
Al A i ARk 225K
5.3 fEMfERELLE

2 iU EL e vie o S IR €t N 5 1€ 1 N )
WL 1T AL CRE , S HeBORE 7L 5 5 2 il 2R T
SE it SR B AR A H, PR AE AR AR AR R
M AU AT 5 T 13 5 5 M 147 22 30 2 ME % b 3 7
oA R B ] A M O A A 32 O i IE R
R A O SR ME 1% A 7 sCFR A Pk RE HE AT XS e, A

H 5 = S s A ], AMLRAR R Ak M 24
AR St RO VA 15 b, 25 % b 7 20T X B 4
RN 6 Fli7s J3HT3 6 TN, R /A & 2 2 il b i
A it L B SR BAE LR A 0.8 ~ 1.0 hm*/h fE )
BORAEF N AR R AR 0.1 ~0.125 hm'/h T4
VR0 0.2 ~ 0.3 hm®/h Al H, 3l 158 56 76 i 44
#0.5 ~0.8 hm’/h, Ik T 6 A AL €A FF Ml 5% 11
3 ~4 hm’/h WAL A 2 2 5 R R IE S i 3l 50 4%
REARP I SIS RN 8. 67% LT N THilHk
AP SRS 5 R B 22% ~ 23% , T+ % HCHE 16 il
SIVEAE S R BN 18% ~20% , HL Bl WL HiHk 1 2] 1k
AR5 RBN 15% ~21% ,To NHL QA 56 Bl 48 2 1%
FERBRNI% ~15% ,

x6 RIEAEBFMAXMEREXS L
Tab.6 Performance comparison of different green

manure sowing methods

WA AR SR/ (hm?h ') R SR R R R %
N LA 0.1~0.125 22 ~23
T W% 0.2~0.3 18 ~20
F, 2l 155 % 0.5~0.8 15 ~21
% 3~4 9~15
6 ZEig

(1) W 1 1 72 A 222 a2 IE € 2 WL 3 2
HEREE N L R O 5F 2 PP AR JIE A T A FE AR EOR
SR A R A [ B 52 TR 2 SO BR AR T 97
AR B T35 0.8 ~ 1.0 hm®/h, & A LA #E
1 6.4 ~10 £, FHERARN 2.7 ~ 5 7%, W ShmLHE L
(1 ~2 7%, oA —E I N ATt
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e ARG T 1 32 2 FR O ML A PR HE R A
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