202143 J &k MLk 2= i %52 % 3 W

doi:10.6041/j. issn. 1000-1298.2021.03.011

BEXBE R+ 5K

BHR M#E AEE EAFT BHE KEH

(HrE Al K2 T2 Be, dbst 100083)

FEE B0 B T AR Bk A A LE A IR, O S BB AR WAL AL WO, et 1 482 - 12 U T R AL, B
P RN R B T 0 A P SR A0 B0 S SR B AR R, AT T AU A Ml o R A B i R U R ?ani
SEIE E O S8 S5 )AL, Bt 0 487 — 1.2 R I IGAL 32 B ey U | By 4 8 £k S R i ke 2 AL B

ﬂgﬁﬁﬁﬁfﬂfﬁf/F%%@]%U\{fﬁ%ﬁfﬁﬂ_ﬁk1¢ﬂ;%\‘}ﬁ,ﬁjﬁﬁg()\@Eﬂfﬁ&ﬁﬁ%ﬁtﬁLﬁ‘ﬁﬁﬁﬁﬂf?ﬁiﬁ[ﬁﬁ’ﬂ%‘ﬁ(?ﬂ
BRI 1.03 m/s K1) 1. 19 m/s Fik B 1. 22 m/s JRARBHEH 45. 97 v/min; figJ5 , HEAT 1 ]I 56
UE 25 R WY, FIWHLIE L 250 57 EIFEG — IR EI R 4. 78% R K % 4. 96% MR LA N 0. 185 hm®/h,
AE % 1 2 B8 L WOPEER .
KGR BEHMIL; 28000 B, AEX 1&
hESES: S225.271 XRKFRIZAG: A X EHS: 1000-1298(2021)03-0107-10 OSID: & %ﬁ

Design and Experiment of Self-propelled Pea Windrower

LI Jinfeng ZHAO Jiyun LIU Siyao HOU Xiuning CHEN Xiang’an ZHANG Xuemin
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract. In view of the lack of suitable machinery for pea harvesting in China, in order to realize the
mechanized harvesting of pea crops, the 4SZ — 1.2 pea windrower was designed. Firstly, the current
situation of China’s pea planting system and pea harvesting technical requirements were thoroughly
understood, and the problems such as cutting difficulties, transportation blockage, lay blockage that are
easy to occur in the process of mechanical harvesting were comprehensively analyzed. The designed 457 —
1.2 pea windrower was mainly composed of the cutting device, the anti-winding reeling device and the
conveying and laying device, which can effectively realize the cutting, conveying and laying operations of
pea crops; then the quadratic regression orthogonal rotation test was used to analyze and determine the
optimal parameter combination; the forward speed was 1. 03 m/s, the cutting speed was 1. 19 m/s, the
conveying speed was 1.22 m/s, and the reel rotation speed was 45.97 r/min. Finally, the field tests of
pea windrower were carried out in Pinggu, Beijing, and the field results showed that the pea placement
after the pea windrower was laid neatly, the stubble was cut uniformly. After data sorting, the following
data results can be obtained ;the missed cut rate was 4. 78% , the harvest loss rate was 4. 96% , and the
operation efficiency was 0. 185 hm®/h, which met the demand for peas harvesting. The overall structure
of the pea windrower was simple and the cost was low. It was hoped that the research result can provide
technical support for the application of pea harvesting machinery.
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Fig. 1 Diagram of complete machine structure
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Fig.2 Schematic of transmission system
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Tab.1 Main technical parameters

e B/ B
FHLR ST (K x 8 x 5)/(mm x mm x mm) 3300 x 1285 x 1665
BLE ) J1/kW 6
AR AR 58/ mm 1200
BAHLE kg 886
YEl B/ (km-h ™) =3
11 RE5H Ly
H i B
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B——AE L i ¥ , m
Jo— U E 2,1/ m?
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Fig.3 Schematics of reel
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Fig.4 Diagrams of reel schematic
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Fig.5 Schematic of dither guide plate
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A B G A R BB, B B SR RR AR B b
BIAAL T 80% , HAH Ak &3 (60% ~70% ) A&
B P0G A AL T 80% ~ 90% i FI N, B T
JE R F AL R
3.2 RBBITEERSH
3.2.1 KKt

R AR AT R AR WSR3 % 25 T 1) 23 B 1) K S AL A
FETAES A G, AT ZWRIE e 4 & A3
I o AT IS AR A0 % A 5 iy ik R R D SR
PR RE TR ORFE 4 TR A G I I AL U
S HTHE R KT R R 3 N EA G,
BSCEE X IS AR A 2R 2 U B 2R A B 43 0l AT OE A8 e i
HA FIH BT,

35 E- S E SN SR N A I X s
B RO, PR OR T B K5, B AIR A 1
10 v/min JFEA , B UG A0 1 o/ min, B 45 35 3 5 W 224K
R Xt B G AR R PR A O, 2 BRI & B, Y ik OR
K AR T 30 v/min B, iy T 8 B S AR
Ty W% | B A e sl W T, TR B Pk VR M ROR 38
U, 7Y 5 3OS T 60 v/ min B B AL ERCK . #T
R B PR R, WEIR L 0. 30 m/s IR, &
YA 0. 10 m/s 32 20 336 38 J5 W52 8 0 % i AR )
ORI N RN a2 N I DA A
0. 80 m/s B, Bl ZAEY) A 2 B VI W, I I L5 0 1,
7 248 JJ 3 v T 1,60 m/s B, B0 %0 58 K 55 1
FRAE T E], DR 2K ik o B 25, A
IR EE 0.30 m/s FFUG, AUk 0. 10 m/s, % 4
156 198 T LR A 2 A A O, 28 TR G 2 B, 224 6
JEAR T 0.80 m/s B, 5l 2 AF 9 HE ¥ IR M, i 26 2801
B2, Mk R E & T 1,60 m/s B, B SR Yk
PG PRS0 i R DR B AR
R 0.30 m/s FF4f, BRI AN 0. 10 m/s, 254 |
RS AR AR A R IR v 2 R IR AR K
FMT R, BRI R 0.60 m/s, FFRA 1.50 m/s,

MR S B Ak 25K, 45 A iR o) JE S %
— P T S ML S AR A A S R AR B K R A B TR R
a2 2 pin , I BRI N R ik 3 fims,

R2 WHRBEARRXBEERD

Tab.2 Coding of test factors for harvest loss rate

EES
ity AR BB S 1% AR el
X]/(m-s’l) Xz/(m-sfl) X3/(n1-s’1) X4/(r-min’1)
1 1. 50 1. 60 1. 60 60
0 1.05 1.20 1.20 45
-1 0. 60 0. 80 0. 80 30

3.2.2 SR
LR B 2 R Y, IR Y0 O #2048

®3 REAXRXBERERD

Tab.3 Coding of test factors for missed cut rate

EES
FITEBE X,/

(m-s™")

PRI X,/

(remin~")

1 1.50 1. 60 60
0 1.05 1.20 45
-1 0. 60 0. 80 30

br, B F R 3 RIEBCE A AE A5 45 51, ok
P BRI 7 RS B E 4 R, I E SRR Iy
FMEERMFES Frow, £ x, v, 0y 0, 8 K i S
i,

R4 BWRB[EAERBRARSER

Tab.4 Test plan and results of harvest loss rate

o HE Y,/
Xy X2 X3 Xy %o
1 -1 -1 0 0 6.33
2 1 -1 0 0 6.77
3 -1 1 0 0 5.95
4 1 1 0 0 7.51
5 0 0 -1 -1 6.51
6 0 0 1 -1 5.36
7 0 0 -1 1 5.12
8 0 0 1 1 7.21
9 -1 0 0 -1 6.29
10 1 0 0 -1 5.86
11 -1 0 0 1 5.57
12 1 0 0 1 7.52
13 0 -1 -1 0 6.63
14 0 1 -1 0 5.57
15 0 -1 1 0 5.51
16 0 1 1 0 7.39
17 -1 0 -1 0 6.53
18 1 0 -1 0 5.41
19 -1 0 1 0 5.31
20 1 0 1 0 7.05
21 0 -1 0 -1 6. 62
22 0 1 0 -1 5.39
23 0 -1 0 1 5.43
24 0 1 0 1 7.28
25 0 0 0 0 4.81
26 0 0 0 0 5.12
27 0 0 0 0 4.93
28 0 0 0 0 4.78
29 0 0 0 0 4.61

AR Uk [ U I S ke A K 6 B v ik AT
ST AR ARG R AT ) 3R G 45 R A (] A 7
TP 2E TN 6 s o MG 6 FAL, Ok R
[ 1 A5 Y ) R (] U S R Hh A I PO(E BN T
0. 05, 52 M {2 2% , Ut W3 56 i 17 (L 1) 728 AL Al 3 42 2%
L= A E UL CIVRIENIE AR TR N RS S P S
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Tab.5 Test plan and results of missed cut rate

s % v/
X1 % Xy %
1 -1 -1 0 6. 44
2 1 -1 0 5.07
3 -1 1 0 5.19
4 1 1 0 5.45
5 0 0 -1 6.49
6 0 0 -1 5.23
7 0 0 1 4.81
8 0 0 1 5.77
9 -1 0 -1 6.48
10 1 0 -1 5.01
11 -1 0 1 4.99
12 1 0 1 5.91
13 0 -1 0 4.81
14 0 1 0 5.12
15 0 -1 0 4.93
16 0 1 0 4.78
17 -1 0 0 4.61

F6 WRMKER . REE@MPALER T ZE N
Tab.6 Analysis of variance in regression model

of harvest loss rate and missed cut rate

A WA Y, TRHIZ Y,

Zi S Uy v » S ey - »

oo o
RiR 22,24 1.59 32.51 <0.0001 6.04 0.67 17.01 0.0006
X, 143 1.43 29.23 <0.0001 0.25 0.25 6.30 0.0404
X, 0.27 0.27 552 00339 0.25 0.25 639 0.0393
X, 0.35 035 7.24  0.0176
X, 0.37 0.37 7.52 0.0159 0.37 0.37 9.49 0.0178
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Fig.7 Interaction response surface of missed cut rate factors
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Fig.8 Response surfaces of factor interaction harvest loss rate

(f) x,=0,2,=0

FTE S N 0. 96 m/s, | JJEEFE N 1. 18 m/s Hiy 1% 3k
BER1.22 m/s, P RAH 3 N 44. 39 v/min, 5 & F|
WAL AT 3 40 2% % Ty 4. 811 21% 5 4 Wi #F B R
1.09 m/s, %] JJ 33 B S 1.20 m/s, Pk R % 5 3 H
47.55 v/min, WA 56 52 5 A AL 5D R Ok 4. 818 82%
VUG 2 5 AR A8 i 0 S 491, 15 B R S 8L & o
AEEE A 1,03 m/s, #) TR 1. 19 m/s, B % 8
FBER1.22 m/s, ¥k R %3 S 45.97 v/min, I B} 8
B WAL B R R AR R ERAR T 5% il Rk
3.3 HE®RIERE

7 A6 5 A X Wi 5 AT R 5
487 — 1.2 A5 & H I AL AR SOR o w5 3
9a I/ IR AR W& 9b TR .

il 3k RS KA R 5 R 482 - 1.2 A
5 57 ) I AL U E) 0% 35 5 0. 185 hm/h s # 3 Ky
4.78% MBS N 4.96% , 5 [0 7 7 B it S
B R A BUE S AR — B, B0 F B
Gp P 35 B 39.4 mm, SRR Y. LR 1T IR,
487 — 1.2 g0 G E W AL AR R E , HL AT 25 A A 1Y



% 3 3 ZeR % AEXBEHMYLBOTHS R 115

TR EE AR TR T T 4SZ - 1.2 E Wi o E| L,
HEN WAL 32 EALHE U F e E | By 98 S8 4k OR %% R 1%
Bl T A
(2) % 4SZ — 1.2 Ui 7 0 W AL 1) 5C 5 35 1 1k
: , - et &It 7B 98 Sedk R ES B3 I AR G R
(a) KIS (b) HBRALR fie

AT A I TR AL,
O R EHEE Sy e
fie. eld experiments (3) P 0 U7 S 1K 0 047 3 47 , 9

BARTE R RS R AR TR E B T o Wy R S B AT AL, B T RS
KRB E AR, W57 s T A A M ATHEEE E 1. 03 m/s F] T 1. 19 m/s ik

4

[5]

[6]

(8]

[9]

[10]

[11]

(12]

[13]

B 1.22 m/s 3R R HH 45.97 v/min, M [H] X 5
IO E B FIHLAE L AR Bl L 5 RIFE S — | fi ik b
(1) 3 3 TR 0 A1 3% [ 9 1 A A i) B2 0 R i i FEMG D e H R R R RN T 5%

&it

& % x Wt

FAEE. 4SY - 2.0 B B E XM HL BT SR B FE [ D] Kb IR Al K2 2016.
WANG Xiushan. Design and experiment of 4SY — 2.0 self-propelled rape windrower [ D ]. Changsha; Hunan Agricultural
University, 2016. (in Chinese)
VLADO K, NOVOTNI D, MIOMIR S, et al. The impact of structural characteristics and working speed of pea harvester on the
quality of work [J]. Agronomski Glasnik, 2012, 74(5 -6) :253 —263.
REDDY P N, ANGADI J G. Mechanization gap and assessment of farm mechanization requirement for each operation in different
crops[ J]. International Journal of Current Microbiology & Applied Sciences, 2018, 7(12) :1213 - 1216.
SHAHAL A,INBAR Z,EFRAT S,et al. Experimental harvesting of wild peas in Israel: implications for the origins of Near East
farming[ J ]. Journal of Archaeological Science, 2008, 35(4) :922 —929.
BB AKREHMHLE S B0 SEImPTRID]. KR BT — K B K% ,2016.
CHU Zhiwei. The design and experimental research of the rice windrower [ D]. Daqing: Heilongjiang Bayi Agricultural
University, 2016. (in Chinese)
AR 4SY - 2.2 B SR E LA B H SR (D], Kb #Iwg &l K% ,2017.
SHI Zengxiang. Design and experiment of 4SY —2.2 rapeseed windrower[ D]. Changsha: Hunan Agricultural University, 2017.
(in Chinese)
TR ARG N AR S B VR A R A B IS S 2 R M BR BT [T] . R MLAL BT ST ,2015,37(10) .76 - 78,82.
DING Haiquan, YU Zhihong, LIU Weifeng, et al. Theory analysis on kinematics characteristics of spring-finger cylinder pickup
device[ J]. Journal of Agricultural Mechanization Research,2015,37(10) ;76 —78,82. (in Chinese)
ZUEARE . MR R RIE S BT S R AR AT [ D] KV R RO K%, 2016.
LI Hongyi. Design and picking test research for rape picking test-bed[ D]. Changsha: Hunan Agricultural University, 2016.
(in Chinese)
REE BB R R SC, 55 B 16 R MR HLE AR B Bt [ 1] 4ol A2 ,2014,4(3) 1113 - 117.
DAI Qichun, PEI Xinmin, SONG Congwen, et al. Design on dial reel of alfalfa flattening harvester [ J]. Agricultural
Engineering,2014,4(3) ;113 = 117. (in Chinese)
S AS R AL, BREL. AN B R LR R A R SR A S [T ] ARl e & 5 4245 T 72,2015 ,53(7) 126 - 29.
MA Shilun, ZHAO Chunhua, CHEN Kai. Design and experimental research on the reel of small forage cutting flattening
machine[ J]. Agricultural Equipment & Vehicle Engineering,2015,53(7) :26 —29. (in Chinese)
ARG, S0, 5 H BB s SF SGIR T UG IR AR 1 1n ME R I B [ /0L ] . ROL HLAR = 4% ,2017,48(3) :106 — 112.
YU Zhihong, WANG Wenming, Morigenbilige, et al. Experiment on performance of spring-finger cylinder pickup collector[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017 ,48 (3):106 — 112. http: // www. j-csam. org/
jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20170313 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298.
2017.03.013. (in Chinese)
R, WEST I, SO 3 T 500G B R T s R A AR B I R R TAE S B AL [T]. A ll TR 2% 42 ,2018,34(4)
37 -43.
YU Zhihong, HUAI Shoucheng, WANG Wenming. Leakage rate and optimization of working parameters for cylinder pickup
collector based on spring-finger trajectory[ J]. Transactions of the CSAE,2018,34(4) :37 —43. (in Chinese)
FHAAE PR, e . O AL fa 4% o B ST B2 B0 T 5186 [/ OL ). ARlb WU 241 ,2014,45(8 ) :86 - 92.

YIN Jianjun, LIU Danping, LI Yaoming. Design and parameters analyses of automatic height profiling device of quadrate-bale



116

PSS A1 M | = O 14 2021 4

[20]

[21]

[22]

(23]

[25]

baler pickup[J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2014,45(8) :86 —92. http: // www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file _no = 20140814 &journal _id = jesam. DOI; 10. 6041/]. issn.
1000-1298.2014.08.014. (in Chinese)

T, EFROL. IR IR B S RO S 075 (1] ARl HL 41 ,2012,43(10) :82 - 89.

WANG Wenming, WANG Chunguang. Parameter analysis and simulation of spring-finger cylinder pickup collector [ J].
Transactions of the Chinese Society for Agricultural Machinery,2012,43(10) :82 —=89. (in Chinese)

Rk, EIREME, £, % B G AU BOGR B AR R Bk S s34 [T ], RALILIF 5T ,2020,42(5) ;1 -6.

ZHAO Jiyun, WANG Xiaoyan, WANG Jie, et al. Research status and prospect of pea mechanized harvesting technology[ J].
Journal of Agricultural Mechanization Research, 2020, 42(5): 1 =6. (in Chinese)

Fa R, ks 5T, 5. R A TRIZ S r9 5 S B PR & 3051088 [ T]. el A2 4% ,2020,36(8) <11 - 20.

LI Jinfeng, ZHAO Jiyun, HOU Xiuning, et al. Design and experiment of pea windrower equipment with TRIZ theory[ J].
Transactions of the CSAE,2020,36(8) :11 —20. (in Chinese)

TRIT 2, 25 R AR AE T, 45 AR AR XU 48 B 0K Bt HERD 2 U0 AL BT 51558 [ )/ OL ] Rk WU 2412 ,2019,50(6) :52 - 63.
ZHANG Kaixing, LI Jinfeng, SONG Zhenghe, et al. Optimum design and test of variable diameter double disc air suction
precision seeder[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(6) :52 - 63. http: // www. j-
csam. org/jesam/ch/reader/view _abstract. aspx? flag = 1&file _no = 20190606 &journal _id = jesam. DOI; 10. 6041/j. issn.
1000-1298.2019.06.006. (in Chinese)

B DG, EMEHE 0 R0 S Eh R ORI B A o) 2 T 586 [ 1/0L ] RAE AL 4 ,2019,50(6) :100 ~ 109.
LU Jinging, WANG Pengrong, LIU Zhifeng, et al. Design and experiment of potato harvester potato stem separation equipment
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019,50(6) :100 - 109. http: / www. j-csam. org/
jesam/ ch/reader/view_abstract. aspx? flag = 1&file _no = 20190611&journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298.
2019.06.011. (in Chinese)

W] R o 2 . REE DRI S R LUBUR. 73 25258 B 45 M S e[ 1/ OL ). Rl ALK 42,2016 ,47(9) :56 ~61.

LI Yaoming, CHEN Yang, XU Lizhang, et al. Optimization of structural parameters for threshing and separating device in
oblique tangential-longitudinal combine[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47(9) :
56 —61. http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20160909 &journal _id = jcsam.
DOI:10.6041/j. issn. 1000-1298.2016.09.009. (in Chinese)

TRSCHR BRI SRR A, S5 R AT AR AL SR L BT S [J/OL ] gl HLB 2 4R , 2018 ,49(7) :97 - 102.

ZHANG Wengiang, ZHANG Mingming, ZHANG Junxiong, et al. Design and experiment of vibrating wolfberry harvester[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49(7) :97 — 102. http: // www. j-csam. org/jcsam/
ch/reader/view_abstract. aspx? flag = 1 &file_no =20180712&journal_id = jesam. DOI;10. 6041/j. issn. 1000-1298.2018. 07.
012. (in Chinese)

T SCAR AR, BERAS 55 K B A SR SRR B S 1B B i 5 8 [ J/70L ] Ak WU 241 ,2019,50 (1) 162 — 169.

MA Yidong, XU Can, CUI Yongjie, et al. Design and test of harvester for whole hydroponic lettuce with low damage[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2019,50(1) :162 - 169. http: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1 &file_no = 20190117 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2019. O1.
017. (in Chinese)

SRARME SRAEE MR - BRACUR A el SO AR AL BT 51050 [ 1/ OL ] Rl MU 2% 41 ,2020,51(10) : 152 — 160.

CAl Jialin, ZHANG Jiaxi, YEERBOLATI-TIEMUER, et al. Design and test of clamping belt cotton straw harvester[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2020,51(10) ;152 —160. http: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file_no = 20201017 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2020. 10.
017. (in Chinese)

TR, (S50, 0%, &5 B A M 2 SRR ML i+ 5 0% [ J/0L ] Rl HLA 24 4z ,2020,51(11) :176 - 182,195.

WU Delin, FU Ligiang, CAO Chengmao, et al. Design and experiment of shaking-branch fruit picking machine for camellia
fruit[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2020,51(11):176 — 182,195 http: // www. j-
csam. org/jesam/ch/reader/view _abstract. aspx? flag = 1&file _no = 20201119&journal _id = jesam. DOI; 10. 6041/j. issn.
1000-1298.2020.11.019. (in Chinese)

BERE, E i, Wk, 45 il SR AT AL 7R MLAT FLE 8 BT 51888 [ 1701 ] Ol AL % 4 ,2020,51(8) :62 - 72.

LIAO Qingxi, WANG Di, YAO Lu, et al. Design and experiment of membrane punch device for rapeseed film perforating and
precision dibbling-planter[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(8) :62 —72. http:
// www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1 &file_no = 20200807 &journal_id = jesam. DOI;10. 6041/].
issn. 1000-1298.2020. 08.007. (in Chinese)

MR BRAR S DRAE , SRR R THE IR 2206 A /R AL i 5088 [ J/0L ] Rl ML = 4 ,2019,50(2) ;28 - 39.

LIN Jing, ZHANG Tongjia, CHEN Bin, et al. Design and test of subsoiling rotary rilling and rilling combined operating
machine[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(2) :28 —39. http: / www. j-csam.
org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file _no = 20190204 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-
1298.2019.02.004. (in Chinese)



