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Design and Experiment of Seed Combine Harvester for
Chinese Milk Vetch Green Manure in Paddy Field

YOU Zhaoyan' YAN Jianchun' WU Huichang' WANG Shenying' CAO Mingzhu' WANG Wei’
(1. Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China
2. Wuhu Qingyijiang Seed Industry Co. , Lid. , Wuhu 241000, China)

Abstract; China is the country of origin of Astragalus sinicus L. , and also the country with the earliest
utilization and cultivation of Astragalus sinicus L. and the largest planting area in the world. Astragalus
sinicus L. , also known as Chinese milk vetch, Zi yunying and so on, is one of the main winter green
manure crops in paddy fields of central and southern China. Currently, the harvest methods of Astragalus
sinicus L. green manure seed are mainly include: artificial harvest and mechanical harvest, artificial
harvest is time-consuming and laborious, and the yield of reserved seed for planting is low. Generally,
the seed yield of Astragalus sinicus L. in paddy field is 300 ~ 650 kg/hm®, there are two common ways of
mechanical harvest; the first one is segmented harvest, using a rice, wheat, rape or bean swather to
harvest Astragalus sinicus L. and then through natural drying, a thresher is used for threshing afterwards,
the second one is combine harvest, by adjusting parameters and changing working components of
traditional grain harvester or rapeseed combine harvester to complete harvest of Astragalus sinicus L seed.
Segmented harvesting process is cumbersome and inefficient, combine harvest is of high efficiency, which
is the development trend of Astragalus sinicus L. seed harvest, however, the harvest quality of existing
Astragalus sinicus L. green manure seed combine harvester was affected by unreasonable structure

configuration of header, weak separation ability of threshing mechanism, and poor impurity-removal
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function of cleaning device, the loss rate of machine harvest in field measurement was in the range from
31.5% to 32. 1% , and the seed impurity rate and breakage rate were high, which seriously affected the
scale promotion and application of Astragalus sinicus L. green manure. In order to solve the problems
such as poor applicability of header, weak separation ability of threshing mechanism and poor impurity-
removal ability of cleaning device during the harvest process of existing Asiragalus sinicus L. green
manure seed harvester, a 4LGM — 200 type Astragalus sinicus L.. green manure seed combine harvester
was designed. The Parameters of the key components, such as the flexible anti pod-dropping seedling-
lifting header, the longitudinal rod teeth type threshing device and the air-sieve type layered impurity-
controlled cleaning device were designed, the structual parameters (lenth of feeding section, threshin
section and grass-dischaging section) of the longitudinal rod teeth type threshing device were determined.
Meanwhile, the structural parameters, number and circumferential distribution of threshing elements were
designed and calculated. Both the ICEM — CFD mesh partitioning software and Fluent fluid dynamics
analysis software were used to perform numerical simulation on the internal airflow field of the three-
channel centrifugal fan under the condition when the rotation speed of the fan was 1 080 r/min and
impeller diameter was 385 mm, and test verification analysis were carried out as well. Aiming at reducing
loss rate, breakage rate and inpurity rate of Astragalus sinicus L. seed during mechanical harvest process,
four factors which had a great influence on the harvest quality were selected, including the machine
forward speed, rotation speed of the roller, rotation speed of the fan and the scale sieve’s opening. By
adoting the Box — Behnken central composite test method, the response surfaces experiments with four
factors and three levels were conducted, and then the response surface analysis of the test results was
performed by using Design-Expert, through multi-objective parameter optimization, the best combination
of working parameters was obtained: the machine forward speed was 3 km/h, rotation speed of the roller
was 550 r/min, rotation speed of the cleaning fan was 990 r/min, and the scale sieve’ s opening was
35 mm. Under these parameters, the field test was carried out, the results showed that the loss rate of
Astragalus sinicus L. seed was 2.35% , the breakage rate was 0.22% , and the impurity rate was
0.51% , which was better than the technical requirements of loss rate and breakage rate less than 5% and
impurity rate less than 3% specified in relevant standards.
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Fig.1 Structure diagram of seed combine harvester for

Chinese milk vetch green manure in paddy field
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Tab.1 Key technical parameters of seed combine harvester

for Chinese milk vetch green manure in paddy field
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Fig.2  Schematics of flexible anti pod-dropping
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seedling-lifting header and its key parts
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Fig.4 Schematic of air-sieve type layered

impurity-controlled cleaning device

4.2 =ZREBLRHRFSH
4.2.1 kR4

TE AT KRG /N 22 25 B 45 Wi 3R L Ay IR =X 37 ok
Hewm b XUHLK 22 2 5 KGE B850 KUBL, 76 25 1) 158 17
RO E H BT, B X B8 0 KUBIL ™ A B A0
3£ 1175 160 X LA 36 2 0 05 ek R v A 7 T ) A
S| R RO N IR R == L P A B
0 WUHILZE M A5, 6 4 25 S b 7 96 4 Wi 3R WL 35 i
B b = KU B KUBL, B KUPL I 4 B R
385 mm, M HECH A 3 B, MK E R = XGE B
O WUBIL RS 3 K/ L 43 A R 75 1 A2 58 = e fF kL
(9315 YT 3K , 32 A Inventor 4 8 <7 1 22 KU B 0
XL 4 3 18 8580, SR ICEM — CFD %) 43 £ KU i
B0 KUHIL IR RS, 2 P T 3 T A e R B HL 0 0
By 05 Z e, X R R R A D T T 4 4 IR A
G RHLIE 15 6 422 fih I B i 6 5 09 7 422 fih [X. 4
3% B s BT, I R AS BT AL f A HE AT
o P02 R ) 3 5 B B B0 RUBTL S T R A b
h 3617588,
4.2.2  SRAR T K KL A 3 A (4

5 O K 55 5 A Fluent 15. 0 450k b, AR 48 UL
VL R R % JE IR B 3 4 R B A Y
i (5] I 22 W S 43 1 ) B P g 4 L SR A
k— & Jit WA AT ML 8L, AT SIMPLEC JR ) —
AL EE R 3 T RUAIL PR 0 A T AR ) AT R
T B XUBIL AR 95 7 15 5 A 0 A B T, 0 KU 4
A B I X 38 15 A S MRF i 5% X 38, 2% E 47 B 0
RHLEE I ANIZ BB 50, B 7 3 1080 o/ min, I
BB 385 mm, B0 KWL 2 AN HEIXL T B30 4
VLR I3 0, IR 45 58 JE J7 220 Pa #5075 3 A1 1
PR N TR T O IR RE TR 1 0 Pa, W Bsk 25 %
B 0.001, AR Bk B o 500 57

= AT B KU P A O e R R R ST
75, B AT, bR R KU R ) X



T2

U JRE 55 FE HH SR 0 58 2= S A 7 5 O HL BT 5 i g 5

JAGHE AR, b KU X (280 2% R 4 R g ) S
FE7.33 ~29.3 m/s Z i), B XU KUY R 0. 55 kg/s,
] XU R 7E 5. 14 ~24.9 m/s Z [a], KU 2 K
0.42 kg/s, ™ H K H KEHAE 6.6 ~25.6 m/s Z[1], A
w20 0.57 kg/s,

(&S = JRUTE B0 XUATL PN 8 A0t 3 R A 4D 4
Fig.5 Internal air velocity simulation results of

three-channel centrifugal fan
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Tab.2 Airflow velocity of measuring points m/s

X/mm
Y/mm
125 275 425 575 725
42 9.7 11.1 10.7 8.8 9.2
103 6.2 5.7 10. 1 6.6 6.4
160 9.2 8.6 10.3 7.7 8.1
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Tab.3 Structural parameters of layered

impurity-controlled cleaning sieve
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R B/ mm 775
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J& ¥ 38 i K 8 /mm 630
J5 Pk A5 9 58 BE/mm 294
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THEE S BE IR > B 6/ (mm x mm) 30 x4.5
1 63 0 1< B2 /mm 754
1 63% 0 9 &/ mm 715
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Tab.4 Experiments factors and codes

2% I b
-1 0 1
HLE AT 5% %/ (km-h ™ 1) 3 4 5
i L 9 £ 5 3/ (e min =) 550 675 800
T RUBLEE 3/ (remin =) 900 1 080 1260
1 16% 07 FF B/ mm 35 40 45




T2

U JRE 55 FE HH SR 0 58 2= S A 7 5 O HL BT 5 i g 7

2T e 5 S WA T 8 0 IRUBIL A A 0L 45
7] o 25 HEORRL S 0 6 o o 3 4 7 1 A A
W R R BOXHL AR AT 5% B Sl 900 v/ min , iz i 54
K 1260 v/min, I & 77 (8] {E 1 080 r/min ; 4R #f§ 48
253 PR SE KPR 25 AN RS S B e 885 5 T
H5 Bl A 35 ~ 45 mm , B ] 40 mm , A 17 U BR
{8 R = AR K 1A .
5.4 RBERS5HIT

W JH Design-Expert 8.0.6. 1 % 4 # 17 i 16 %
T KO b B85 53T 40 BT, B4 Box — Behnken 53
7 HEAT U P 2 = K S W R T B, B R 29 A4S A
FLE 24 ASGEHT R TR S ASE AL TR 2 R i
FEREERANE S TR, X, X, X, X, 2 g
1, R I 25 5 7 22 0 W 2k 6 T o

x5 RBREHTAREER

Tab.5 Experiment design and response values

W Gk Y\ /% Y, % Yy %
55 X, X, X3 Xy
1 -1 0 0 10. 32 1.35 1.13
2 0 0 -1 1 1.23 1.87 2.93
3 0 1 1 0 12.20 3.01 0. 89
4 0 1 -1 0 1.15 3.54 1.58
5 0 0 0 0 4.16 1.72 1.36
6 0 0 1 1 16. 47 1.25 2.17
7 1 0 0 1 8.25 1.52 2.45
8 0 -1 1 0 10. 69 0.13 1.51
9 1 1 0 0 6.93 2.78 1.32
10 1 0 0 -1 1.95 1. 88 1.03
11 0 -1 -1 0 3.22 0.37 1.83
12 0 0 0 0 5.04 2.09 1.39
13 0 -1 0 1 7.36 0.26 2.65
14 0 0 0 0 4. 35 1. 66 1.28
15 1 0 -1 0 4.26 1. 85 2.35
16 -1 0 -1 0 0.96 1.77 1.76
17 1 0 1 0 11.78 1.72 1. 38
18 0 1 0 -1 2.13 2.93 0. 65
19 0 -1 0 -1 3.46 0.32 0.73
20 0 0 1 -1 8.91 1.5 0. 65
21 1 -1 0 0 3.88 0.29 1.57
22 -1 -1 0 0 3.57 0.19 1.38
23 0 0 0 0 4.74 1.74 1.33
24 -1 0 0 1 8. 38 1. 38 1.97
25 -1 0 0 -1 2.62 1.71 0.43
26 0 0 0 0 4.33 1.51 1.54
27 -1 1 0 0 5.49 2.52 0.93
28 0 0 -1 -1 0.43 1.96 0.78
29 0 1 0 1 9.30 2.37 1.87
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0.37X; +1.90X; +0.51X; (5)
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0. 14X, +0.040X,X, +0. 072X, X, —-0. 0075X, X, —
0.073X,X, 0. 13X,X, —0. 04X, X, -0. 1X7 -
0.14X> +0.065X; 0. 11X; (6)
Y, =1.38 +0.21X, -0.20X, -0.29X, +
0.81X, +0.05X,X, —0. 085X, X, —0. 03X, X, —
0.093X,X, -0.17X,X, -0. 16X, X, +0. 025X} -
0.074X> +0. 18X; +0. 10X; (7)
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Tab.6 Variance analysis of regression model

/Q;":-f"— YI YZ Y}

KU I H B F P -5 F i F p -5 SRS F P
LAY 420.99 14 24.35 <0.000 1 21.47 14 35.16  <0.000 1 10. 63 14 39.44  <0.000 1
X, 2.72 1 2.20 0.160 2 0.10 1 2.40 0.1439 0.52 1 27.05 0.000 1
X, 2.10 1 1.70 0.2133 20. 25 1 464.38 <0.000 1 0. 49 1 25.56 0. 000 2
X 291.26 1 235.84 <0.0001 0.48 1 11.01 0.005 1 1.02 1 53.03 <0.000 1
X, 82. 64 1 66.91 <0.000 1 0.23 1 5.20 0.038 7 7.95 1 413.18 <0.000 1
X, X, 0.32 1 0.26 0.6191 6.40 x10 3 1 0.15 0.707 4 1.0x10 72 1 0.52 0.4829
X, X, 0.85 1 0.69 0.4216 0. 021 1 0. 48 0.4989 0. 029 1 1.50 0.2407
X, Xy 0.073 1 0. 059 0.8116 2.25x10°* 1 0.0052 0.9438  3.60 x10° 1 0.19 0.6720
X, X, 3.20 1 2.59 0.1296 0.021 1 0.48 0.498 9 0.034 1 1.78 0.2037
X, X, 2.67 1 2.16 0.1633 0. 063 1 1.43 0.2512 0.12 1 6.36 0.024 4
X, X, 11.42 1 9.25 0.0088  6.40 x10 3 1 0.15 0.707 4 0. 099 1 5.15 0.0395
X3 0. 40 1 0.32 0.579 4 0.071 1 1. 64 0.2215 4.054 x10°? 1 0.21 0.653 4
X; 0.89 1 0.72 0.409 1 0.12 1 2.76 0.1190 0.035 1 1.83 0.1973
xX; 23.45 1 18.99 0. 000 7 0. 027 1 0.63 0.4406 0.22 1 11.22 0.004 8
X; 1.69 1 1.37 0.2619 0.073 1 1.68 0.216 4 0. 066 1 3.45 0.084 2
%= 17.29 14 0.61 14 0.27 14
EE 16.78 10 13. 07 0.0122 0.43 10 0.94 0.576 1 0.23 10 2.39 0.207 7
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