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Parameter Optimization and Experiment of Forward Laying
Device for Rape Windrower Based on ADAMS
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Abstract; The conventional vertical rape windrower, whose laying direction of the rape plants is
perpendicular to the forward direction of the windrower, still has the challenge to guarantee stable feeding
rate of the following pick-up operation due to the inconsistent laying angle, highlighting a need to change
the way of laying. As a solution, a forward laying device for rape windrower, whose operation parameters
were analyzed, was proposed and the simulation experiments was carried out to optimize the laying quality
based on ADAMS. Focusing on the moving of the rape plant at the outlet of the header, the horizontal
throwing movement of the plant and its following fixed axis rotation after landing at the ground were
analyzed based on kinematics and dynamics, indicating that the laying angle was related to the initial
velocity and fixed axis rotation time of the plant. It was found that the main factors affecting the laying
quality were forward speed of the windrower, speed ratio of transverse conveyor chain, and inclination
angle of the header. Furthermore, the laying process under the coordination of the wheel and the guide
plate was analyzed. The number of wheel teeth was 7 while the rotational angular velocity was 6. 27 rad/s.
In addition, the curve parameter equation of the guide plate was also determined, and a four-bar
mechanism was designed. Based on ADAMS, a multi-body kinematic simulation model of the forward
laying device was constructed. By taking the forward speed of the windrower, transverse transmission

chain speed ratio and inclination angle of the header as factors, the laying angle was utilized to evaluate
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the laying quality in the Box — Behnken simulation experiment with three factors and three levels. The
mathematical relationship model between the laying angle and every factor was obtained to figure out the
optimization objective function to minimize the laying angle. With the assistance of the Design-Expert
software, the optimal parameter combination was obtained, and then it was validated by simulation and
field experiment. The results of the Box — Behnken experiment indicated that the optimal parameter
combination was forward speed of 0.93 m/s, transverse conveying chain speed ratio of 1.11, and
inclination angle of 117.93°. The theoretical optimal laying angle was 15.25° under this condition. The
results of the simulation experiment illustrated that the simulation value of laying angle was 14. 42° under
the optimal combination of parameters, and the relative error was 5.4% when compared with the
theoretical value. The field experiment showed that the forward laying device could work smoothly without
blockage. The average laying angle, average laying width and average laying height were 17.25°,
752 mm and 323 mm, respectively, which could meet the demand of actual production. The research

could provide a reference for the structural improvement and optimization of the laying device for vertical
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rape windrower.
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Fig. 1  Structure diagram of forward and side laying
rape windrower
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Tab.1 Main technical parameters of rape windrower
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Fig.2 Schematic of operation of windrower
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Fig.3 Schematic of discharge device
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Fig.4 Rotation process of rape stalk fixed axis
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Fig.5 Structure diagram of adjustable four bar mechanism
LT PR EAT AD 2. R LB EAT AB 3. RE R JHIEAT BC
4. H 5 BAREAT CD

MM BC f5c A 5L B, A HLAG AL T 1l 5
AR, AN 6 R o AR AR AL 2K, Tl S B AL
151 A 55 1) 15 8 M v 2 YU [l 23931 g 90° ~ 120°F11 300 ~
400 mm , IFEZEAT BC i il SRS (8] 6a) ,HI &
{5 £ Sk 90°, % 45 75 £ o 400 mm , 7F 3% ¥ BC 5 it
Il SRS (BT 6b) |, F & 5 ff 2 120°, %1 & & N
300 mm,

H &l 6a ] HI
lycose, .. =l cospy (7)
X L,—EMH AD KJE ,mm

P AD TR A (°)
by ——JHEFF BC B JE , mim
y—3FF BC AL, (°)

Hi [ 6b H] A
lysin30° + 1, ;. cosyy =1, cose,;,
sing,;, = Ak )
21,
A L—#FF €D KJE,mm

&N AD Rl /N, (°)
lzman—_ﬁﬂ: BC F /MK JE , mm



T2

PR AF . ST ADAMS (3l SR I ALG e 00 4258 2 KL S L g 15

i
o

Y
g

(b) FEATFBCEEIG TR
B 6 PUFFHLAL I 7 B R = K
Fig.6 Schematics of limit position of mechanism
Ah——F & THR% & B 2% , B 100 mm

kil 2 E) B AR AE 90° ~ 120° 1] I, B 5 B
1E 300 ~ 400 mm A &, 15 & FF AD T A -8.2°
~8.2° ¥ FF BC K Ji BUE 35 [l 126 ~ 426 mm,
2.3 IREMEEERITSSHSH
2.3.1 HAREREH

JIGE iy A0 i 2 e 2 S WL TR S 25 AT H A 1) B Bl 4
SR L] 328 3 114 S B, H Hp ot R R B SR ) i a6
0P A ELIC A oIl SR R PR B T RS B0 H A )
B sl i A5 gk i) % sl , 0T 68 v/ )N il A DA S 2k
e AG ORI, a1 7 s Ak, PR B 5 R HE R
S ) AR ELEC A I SR AR AE T I AR SR AR R S
BLAL AT HE )5 17 P47 o 4k R B 6 14 B 2 R H R 14
JE, W 7h R, 4k OR B AR 5 R ) Bk B AR D
B i dz s st S 6 B R R R 1 T 2 ik oA £k
Pz fuh, TR R AL S OR FE i BB E LG T 8 R R
A 1A T 4 i B ]

R ) A% B AR B shin A ik OR B R U Bk
B S Bk R B A eI 5 T8 0 8 B 22
XF i S ZEFFAEHER H 76 A8 58 Bl i B = A 4R By, 52
BT Ak R AR A AR RIS e M 0, 5k R
LA ONRL PSS

z="= (9)

(b) SEAFBCEIT NG TR
K7 KRR S BRSSO R
Fig.7 Matching relation between rotary wheel and

transverse conveyor chain
LOoRER 2. Bimfmkst 3. 4k4E 4. mAE Sl
kRN 1 I e AR 1 R St

X R ER G

7 P 4 IS B TR S 6 S B S B B, T DK A
O s ey, AR A 98 B BE S b LR e A
6,4

0, =— (10)

Ao b——H ) iy 26 B P ki Z A AT BB, mm
HEAR ) BE I 242, mm

SRy {5 R 6] B 3 4 48 RN OR B AR R I AN & A A
B, 0,0 k0, i BURS 45 A FI IR HIL S B RST, B
0,4 0,1 2 £ AR R ARG T,
2.3.2  HER SRR B i 2o A

HEAR T ) A AT Sy b 3 2K 0k o AR it m 249
W ISR AR AE B R A RS, TR OR A
AR R B A8 25 3z 3l Jr 1), T8 B0y O A HE
RS I B A i 2 R S B ZEAT T Sl
P18 %0 JEG I A /b R 1) i 2 R R R AR R I SR
ZEFF Y 5Y U)AE 5 R A s R OR AL S R HE R
Sl M 1 e, AT A S ZE A AR I B ) & e A
e F TR 1) A A O R w0 A R T S B
1w 0] 48

PR B R HE IR T ) A A BTG G B, DA SR 2R
FFAECTE Hh O SR B0, T 3 ZE AT 7R $k R B 46 14 T R 46
FHEAR S 1) AR VR R 3B 23 B an 1] 8 B o

PR L VA T A B X b SR ZE AT A L Ry v, L HE
R 1) Al %o Y S 25 A it i 5 R v, HER R 1 Al
i1 2R 5 5 45 A T Ak o Ry ) 5 L2 R S R
] A 52, B

L8



16 £~k

2022 4

(a) REHIFCE A
B8 AR R 22 AT B B 3 B
Fig.8 Analysis of stem movement duringlaying process
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Fig. 10 Simulation model of forward laying device
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Measuring of laying angle
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Tab.4 Analysis of varianceof laying angle
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