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Abstract; In view of the problems existing in the actual operation process of the film hole forming device
for rapeseed seeding, such as the excessive size of the hole, the irregular shape of the hole and the
adhesion of the hole, etc., based on the principle of sliding cutting, a rolling film cutting and hole
punching device was designed, the structural parameters of the perforating device and profiling
mechanism were determined, and the kinematics model of the perforating device was established, the
main factors affecting the film hole length and the range of its value were determined. Using DEM —
MFBD coupling simulation, three factors and three levels regression orthogonal test, the simulation test
was carried out with the forward speed of the whole machine, the length of the longitudinal blade and the
height of the longitudinal blade as the test factors, the film hole length and the hole distance difference as
the evaluation index. The results showed that the primary and secondary order of the influence of each
factor on the length of the film hole was the length of the longitudinal blade, the forward speed of the
whole machine and the height of the longitudinal blade. The primary and secondary order of the influence
of each factor on the hole spacing difference was the height of the longitudinal blade, the forward speed of
the whole machine and the length of the longitudinal blade. When the forward speed of the whole machine
was 3.3 km/h, the length of the longitudinal blade was 34 mm, and the height of the longitudinal blade
was 31 mm, the film hole length was 44.78 mm, and the hole distance difference was 0. 64 mm, the
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punching performance was better. The field experiment of rolling film cutting and punching device was

carried out with the optimal parameter combination. The results showed that the average length of the film
hole was 43. 15 mm, the coefficient of variation of the stability of the film hole length was 3. 86% , the

average hole distance difference was —1.32 mm, and the film hole distance error was 4.22% , which

met the requirements of film cutting and drilling for rapeseed sowing. The research result can provide

reference for film cutting and punching device for rapeseed sowing.

Key words: rapeseed seeder; cutting film and punching; profiling mechanism; DEM — MFBD
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Fig. 1  Structure diagrams of film perforating and
seeding for rapeseed and film cutting and rolling
film cutting and punching device
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Fig.2  Working process diagram of film perforating

and seeding for rapeseed
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Fig. 8 Schematic of membrane hole size analysis
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Fig.9 Stress diagram of rolling film cutting and

punching device

A SR EAT L% R AR 2 vy 1
5% )1 F-# )7 R

F.+f+F,=0 (19)
F -G-T+F =0 (20)
(F, -G)(l, —hytanB) cosB —
TlycosB = F,l, +fH =0 (21)
Forp f=uF,
T=K(X+X,)

X F——HLRX A K52 07 N
F—HLAH 5T (9 3 B 47 07, N
F\—— i 0 8 3l U AT FL2E & SCr 10

#ﬂé,N

F,——HLA S ST 9 42 7, N
SRS X FEIT L B P sz fHL 7, N
w7 L3 5 i 5 B 4 TR K
C— RS FIEFT AL E B H A —F N
T—5 i 5 i g, N
B— Ui #51 4, (°)
Ly—PiIEAT K, mm
L——[EE AT 5 U5 AT i 3 L BE B, mm
ho——4T FLAEE o0 5 5 FEAT B4 R R
K—— i 33 W, N/m
X— e B Sk 4 2, mm

Xo—— i B 5 s 0] 46 L 4 & , mm
H—— 5 FF 04 a5 5 Hu T BE 25, mm
A3 (19) ~ (21) 153 2
_ G(l, = hotanB) cosB + Tlycosp - F, 1,
L (ly = hotanB) cosp + uH
H1 3 (22) AT, M 0 VR Bl 2T AL S
Fi s BB SRS H AT L3 E A AL 4
FRE5FG 250 o W % 3 200 o 0 B 3T FLIR T L
LR EGIMENRERA K R RS X F BT L
e ST R Bl AU T L2k X o JIE % T )
9 BCAE T A FE ik /2 5 4T L2 AR ROR
ELAS 5y B B8 52 ) T 90 38 Aol 2 8 R0l 52 A
ROR A D03 R 25 2y 5 B0 AL, 52 v B ML A=
/408
2.2.2 PiIEHLM S EBT
DI AU 25 4 2 B 3 sl UH AT L3 S T
EMEREA HEE M o =X (22) AT 0, 76 07 B #F
B S M BE O H — 2 B 52 R IR B 2R 3T
FL 2 B A P 1 B I RO DT R AT R L, A5 I
FHIG 225158 By o AN SCHT D5 1B HLA S B AR 1)
B WAL E & BB R 05BN,
HAIe & b N
h,=H-R-1;sin(B, -B,) —hycos(B, -B,)
(23)

(22)

L B ——0iEFF I BOTIEAEA, (°)

fat (23) AT, 7058 i — S L L DB
FERBE 18R, 42 51 A8 A7 LR/ B0 T8 AT K
F AL 8 A B ™ A B 42 Bl BN AT L 2 s AT

D5 FE AL 45 T 4 32 2 vh b R0 R0 b 1k
P, — B LR 5 i 80 ~ 100 mm' T iR
B A E T L B 7E e B IS b R AR, M R A R O
BT & b T 80 mm 2 R R R P2
V1) 45 g 0 J5 0o o7 1 19 5% T, )5 T BILAS) 285 4 R~ AS g
i K, B % RO T M) i o) ih A 51 B,
S 10°, i _EPTIEAR A B 00, 2 (23) i AT £
e SR B H O 310 mm , F] L3 ool 5 5
FEEBCEE S BE B hy R 50 mm, i1 815 5005 T FF & BF
I, =321. 10 mm, Jt 3% 7 320 mm,,
2.3 fIFLEFIRESH

TH SR AT FLAE AR ATL T FH 55 T 26 HE o 25 43 ol £
v, R 0° I 31 I 2 A8 AL A 8P o A T HE R4S 1Y
e B 7 FER R S AL # ST A AR B R IR 10 TR,
ARl o5 B A BE B ($ AN R BE ) S H 3R A
TH S0 1 DA T 7 L B0 95 A TR 1) 7 3h 10 2K 7 B
BN X



59 1) BRI S ISR IR AT AL AL B 3R AT AL S S i g 93

K10 T fLA% b 72 o0 A 14
Fig. 10 Analysis diagram of punching and seeding process
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TE SolidWorks H 58 i i A % Bl 1 7 fL 2he B it
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Tab.2 Relevant property parameter of simulation model

g/ (kgem ™) 958
1 [ AL it/ Pa 1.00 x 10°
IR CR IR HEE/NEA 0.45
FHLJ2 Lt 0. 000 35
BRE/ (kgom 7)) 2 600
- S UkL By YL it/ Pa 5.0 %107
MEL /A 0.38
B/ (kgom ™) 7 800
FTLE E () By YIAE it/ Pa 7.9 x10"°
MEL /A 0.3
il 48 Wk 2 R B 0.21
T HUBOR- R HERURL R A 0. 68
B JBE 45 TR K 0.27
il 988 K L R 0.54
T HEEOR TR E BN 0.31
B E 45 R K 0.13
1 VK 5 R AL 0.30
- HE TR~ 1 B il -3k 0.42
B 5 R A 0.34
il 488 K S 72 KL 0.45
T 452 R B 0.50
Hh AT LA B JEE 5 R 4 0.01
Rl 2%/ (N-mm ~>?) 166

FHJE &%/ (Nes-mm ') 0.0166
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Diagram of coupled simulation model

Fig. 11
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F T AL %5 B 32 3 40 T A0 LR S 7 T
LT HE B 0 0 9 1) 0 F K R e R e
T2 B U AR, L BT A\ ] A K
JE N1 DR B St R 2 T R 0 B

T AR b 32 5 LK 38 3% 5 B 0 4 1) U0 32
B S BRI DA B ALK Y P R T AL AR 1
B s A SCBETHHL L% B B S 140 mm, S 45 3IE JiE AL
RO I, e L B AL ) B 5 7 S R (1 22
VERIFM 5 b7 Y, , M FRFLEE 22 8. WA 12 R,
P, P, 2 ] BB 85 B R AL BE L P, P, B BE B B
AL B

175 B 3 SR A = 2 =K OF A OF 38 i s Oy
DY I R R g g 3 Frw, FRSi 17 418

P, P
12 4T LA B s Sk
Fig. 12 Motion trajectory of punching device
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Tab.3 Coding of test factors

ity HeHUHT P B NI R S ] R s
%,/ (km-h™") %,/ mm xy/mm
-1 3 30 30.0
0 4 35 32.5
! 5 40 35.0

%, Al EE 3 W,
3. KBERSHH
T EMER R 4 R, X X, X iR
PR G5, 15 B Design-Expert 10. 0.7 X {FXHA
S5 R AT Rk 22 0 n] I B AR R 5 25 0 A, O
I3 BT A5 DR 3R B HE S E A OGS 1 6 4 R 4 i R A
x4 REARSER

Tab.4 Design and results of experiments

SES

IR ORss X, X, X, Y, /mm Y,/mm
1 -1 -1 0 40. 94 5.86
2 1 -1 0 43.45 4.94
3 -1 1 0 50. 17 6.53
4 1 1 0 53.52 5.25
5 -1 0 -1 43.96 -3.08
6 1 0 -1 47.51 -6.78
7 -1 0 1 45.13 7.48
8 1 0 1 48.19 6. 84
9 0 -1 -1 42.37 -5.81
10 0 1 -1 52.28 -5.31
11 0 -1 1 46. 08 7.11
12 0 1 1 52.91 6.74
13 0 0 0 47.62 4.38
14 0 0 0 46. 82 5.97
15 0 0 0 46.90 3.96
16 0 0 0 47.55 4. 81
17 0 0 0 47.13 3.69

AR 16 St i S AL B Y, ALEEZE{E Y,
BEMURT R X, ) ) R KRB X, e ) e
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X, (1) [l )9 55 40

Y, =47.20 +1.56X, +4.51X, +0.77X, +0.21X,X, -
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SHEURURR R €D TR I E TSR VSN RN -3
HIFLIE 2E (07 25 0 ik S Fis .

HI2R S R, b T JRE LA B2 (] A 7Y I 3 1 4G
K F=70.34,P <0.000 1, 3 Wi [u] 15 45 59 4% 5
FRMIG L P >0.05, 5 A 3, & W% B H
B A i PN UL B R L Y

(28) MR 2R DL K5 B 3R =2 8] A2 5 AR T 52 e el K30/
x5 HESW
Tab.5 Analysis of variance
JEALKEE Y, LR 2218 Y,
3 — ”
R H Hi B ¥y F p 5 H H B ¥y F p
Y 199. 20 9 22.13 70. 34 <0.000 1™ 379.92 9 42.21 105.92 <0.000 1™
X, 19. 44 1 19. 44 61.77 0.000 1 ™ 5.35 1 5.35 13.42 0.008 0 ™"
X, 162. 36 1 162. 36 515.98 <0.000 1™ 0. 10 1 0. 10 0.25 0.6297
X5 4.79 1 4.79 15.22 0.0059 ™ 304.55 1 304.55 764.17 <0.000 1™
X, X, 0.18 1 0.18 0.56 0.478 4 0.032 1 0.032 0. 081 0.783 8
X, X, 0. 06 1 0. 06 0.19 0.6754 2.34 1 2.34 5.87 0.0459 "
X, X5 2.37 1 2.37 7.54 0.028 7" 0.29 1 0.29 0.73 0.4207
Xf 6. 05 1 6.05 19.21 0.003 2™ 4.48 1 4.48 11.24 0.0122°
X% 4.33 1 4.33 13.77 0.007 6 ™ 1.79 1 1.79 4.48 0.0720
X; 0.15 1 0.15 0. 49 0.5057 63. 34 1 63. 34 158.92 <0.000 1"
2= 2.20 7 0.31 2.79 7 0. 40
XS 1. 66 3 0.55 4.12 0.1023 0. 84 3 0.28 0.57 0.6627
iR 0.54 4 0.13 1.95 4 0.49
pa ] 201. 40 16 382.71 16
Tk RARMBE(P<0.01), = F/REPFE(0.01<P<0.05),
XZ ‘Xl \Xf \XS \Xg \XZXS \XIXZ \X§ \X1X3 ’:/H;EP Xl \Xz ) mﬁﬂiﬂ%ﬁ%j} o

X, X7 X, Xt ALK Y, S 3 (P <0.01),
X, X, % IEALCBE Y 3m g 2 (0. 01 <P <0.05),

EALIE B IR R R EERE T F =
105.92,P <0.000 1, 3 B iz [l )5 458 A 4 b 2 5 2k 40
TR B 25 R A B3 (P >0.05) , 3% B [a] ) 45 AU 7
W E NG R, ZmfLE2ZEE Y, WHE
DL R Gy 25 R Z IR A8 BAE T 52 m B KB/ X
X2 X, X; X X, X> X, X, X, X,X,, Hr X, X3 X,
ST ALBE 2 Y, 5w b 3 (P <0.01) X, X, X, %4l
BE 228 Y, 50 53 (0. 01< P <0.05)
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BT R HAR 3T, 255 75 1845 P 23R i
FLEE Y MFLIEE 22 Y, B9 520, Fll F Design-Expert
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Fig. 13 Field test
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Tab.6 Result of field experiment
1 2 AL ALK R e FLIE 2R/ IREFLFLER

T KE/mm AR R % mm B2/ %
1 43.21 3.48 -2.31 3.67
2 41. 86 3.96 1.72 4.12
3 44.37 4.13 -3.37 4.87
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