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Design and Experiment of Key Components of Rape Film Laying and
Perforation Synchronous Seeder

LIAO Qingxi'?> SUN Xiaotian'®>  WANG Lei'> DENG Chengnuo'® LIU Kaiwen'® LIAO Yitao'"
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract. Considering the practical problems of low seedling emergence rate due to drought and low
temperature during the sowing period of spring rapeseed seeding method, the traditional film-laying
sowing process is complex and the position of seeds and film holes is inconsistent during unit operation,
the process scheme of sliding film cutting + synchronous seeding was proposed, a rapeseed laying and
perforating synchronous seeder that can realize the integrated operations of rotary tillage, fertilization, film
laying, soil covering, perforation and sowing was developed. The influencing factors of the plastic film
rotation conditions and the membrane side covering were analyzed, the structure and working parameters
of the film covering device was determined. Based on the motion principle of cam swing roller
mechanism, the punching mechanism was designed, the structural parameters of the punching mechanism
was determined according to the agronomic pore spacing and membrane pore length of rapeseed planting,
the dynamic model of punching on the membrane was established, the matching design of the operating
parameters of the unit was carried out, and the speed ratio coefficient between the forward speed of the
machine and the cam speed A was obtained as 2. 0 ~2. 5; the synchronization analysis of membrane pores
and seeds was carried out, the structural parameters of the synchronous seeding mechanism were
determined, the main factor affecting the synchronization rate of seeds and membrane pores was analyzed,

the length of seed channel p was horizontally constrained by the seed box, and its value range was 18 ~
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34 mm. Using the DEM — MBD coupling simulation, the quadrature orthogonal rotation test was carried
out with the speed ratio coefficient A and the horizontal constraint of the seed box and the length p of the
seed track as the test factors, the simulation results showed that the synchronization rate between seed and
membrane hole was 94. 04% when the speed ratio coefficient A and the seed box horizontal constraint
seed track length p were 2.29 and 27 mm. The results of field experiments with a combination of optimal
parameters were as follows: the average width of the film edge covering was 80.44 mm, the average
length of the film hole was 49. 44 mm, and the coefficient of variation of the stability of the film hole
length was 5.30% . The hole spacing was 144. 76 mm, the synchronization rate was 85.60% , and the
synchronization between rapeseed and membrane pores was good, which provided a way for the
development of film laying and perforation seeder in spring rapeseed production area.

Key words: rapeseed film-covered seeder; hole-punching sowing in sync; cam mechanism; DEM — MBD
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Fig. 1 Schematic of structure of synchronous seeder
for film laying and perforation
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Fig.3 Schematic of force analysis of plastic film roll
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Fig.4 Schematic of working of covering disc
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Fig.5 Structure diagram of synchronized device

with perforating and seeding
LATSLIBRFT 2. PRSI & 3. D5JEEAT 4. BHEmAL 5. 8L
6. NEe T RIMRELE 8. RIERT 9. 4TALAEET 10 Fh R

TR S & A W by 5 S et B iz s )
R IR s sh M B RN
e L 2me
(ﬁm(d) 2w d))
L
v (1=

(0<sp=m)

.2
sin =¥

i
2@ ¢’

) (m<@<2m)

(3)

K o—— " , rad

d—— IR HERREE A, rad

' —— 1" B FR Y A , rad

y—FTFLIBFFIE A, rad

W, — T LB FF e KA, rad

T 4T FLAEAF 5 sl b — M & 2R T sh 4%
T3 — M AT FLHE ST, Ry ik S 4T LR AT 7R AR 4T FL By
BARBhBT  FTFLARAT A 000 X6T M 7 A R, IR 2R
JEALR AR RS ¥ o, 8 R 45°, AT 22
FYALHEET UEAT 8 A MR % 22 42 3, 4T FL o 5T T 5 76 4%
PR E A58, PR OB ™ B e Gl K Lk 1 3 e S 00, TR
i R 4 WL 32 s Rk B R R R o S5
el R ' 5E hy 1807,

FTALALAG 7E H i 334 TN (4T LA ST B sh A
+ A IR S AT FLAE £T 3 B i 0y Oy 58 OB 4T
LR, ZEAN I8 G DL SR 8 T T HE RV
FIFE /N IR SR K, B T B A R AR A5 A
FTALAUR HE R I 7 f g 30°0 L, Hirp 48
BT WA SENE 6 Fios . A e T MZR T i
INEEAS RUST B ) 25K, SR #8  Bh rh ol 1 T IX
| e 7 R

T8 o X o A B 34 R XA 3 B TR R i B e A
2T I 18 B R AR 504 43 B, V8 X3P e /N AR AR D
YL AR R, SHTALIEF S s b A AR Ly,
TAHEZWE/NMER 0.26, (AT b AT AL
FrEg s m b L, 5 L, e E N



%6 1

\\ £
s
Lo
48

+ NS R AT AL [ A5 4% AL G B IR BT 5 g 95

VAR ot 1 RS A A EI R S U R A

Fig.7 Diagram of allowable area of camshaft

2 2

R, >
*((z,), )

L()4 \/( Rr
— = 1- (7)) cosf )
L, Ly Y
(4)

A 0, ——Fe/IMIAR TR I RRAE A5FE V FH DXCER ]
AR S, ()

BT 0, 300° Gl X (4) K Ly, 5 Ly A
0.9, Sl R B aE B AN Rk L K™ A S PR A il
AN B, A R AR AT B — i R AR
IV e N N S Sl R W

|
cosa {1+Lcosa [(]_diip)dip, &’y

—sing ——5cosa
L,,sina 045N de / dp * de’ ]}

d
) L/,H(l —ﬁ)
LOASin(d[ +¢b)
L?JA +L/213 _Ri
2L, L

0AAB

tana = cot(¢f +¢,)

Y, = arccos

(5)
o p—— YR FIS B LR i R AL mm
ARSI B — R, (0)
2 (5) TR IR ERE AN T 18 mm, %
BT St BN e 5 AT ALIBAT R 00 B
ANFEAR RS LB A R e B vt T 15t AE TR
BF 3l ) AR S PR R it O R LR R AT LR
FREEM o, AT 45°, 38 B A RSB R ) R,

a

5 L, B, e ARS8 R, N
28 mm,L,,} 90 mm,L,, } 105 mm, & F -4 R K
19 mm, 338 i ™ 58 5T T B A ™ 58 S B 4 R
Lo ABEARATALOLAL iz 3 i 78 77 A2 1 3h 4 far , Xy
NI TS Mk, g R R IR A E 8 TR,
M' AR ET e BTG, SRS bR CL
31 mm , M RACSE N L S e R s i C
P& > 16 mm,e 5 6 mm,

K8 ISR E
Fig. 8 Schematic of cam structure
Lot sy 2. [0 AT 3 rhol
Xf A AR A LR S 5 T AR 2 RS AT ALY
HAT A E 9 Fros . i AT ALY ARz sl #E
N B 2 M 2] I TR 0 R A2 5, 45 LR B 5E IR
TP BT FLABAT e 3 oo S RTT 2 6]
J& H 52 Hy 180 mm, fEMMFEHERE A ILIRES O TEFT
FLHEET R 555 R 7 BE 8 R T 5 B2 R T 120 mm, JUJ 4T
FLIBFF S5 20N
licosB, =H +h
licos(p, +B,) = (L + R )sin(yp, -B,) (6)
H -1l cos(¢f, +B,) >120 mm
A L ——FTALHERT I 5 55 4T FL AT 5% 3 o0 1)
HiE] , mm
h——FT LR JE , mm

Fig. 9  Punch pendulum parameters
ZEEFTALIRIE b 9 20 ~ 30 mm, il 1 50 (6) AT 45
B, NLiZ KT 31°, [al it B, #i /I, 1 8/ AT FLALFG 25 44
i@ﬂé?%o Jﬂﬁﬂzﬂx 31094%/\5&:(6)1%”—} lly‘j 233 ~
245 mm, N 233 mm, B, K 13°, HiE s



96 £k

DI

2026 4

ST FLAR AT e Bl b A 7 B ED
L?)A + LiR - Ri

L,,=L,,sin ( arecos ——
0A™AB

+B, )
L), +L,, -R
T
K L,—— M5 5T FLEF 0K, mm
Lyy—— 5 54T FLARAFF o0 S 2, mm
548 L,y 98 mm, L,y 36 mm,,
ST TS T SR BT AL AT &
B2 P A 1) B 0 RGN 1) ) T 2 4 AL, An & 10 T
Ro FTALHEETIE 2h 5 9 1) %) 0 45 #4 e s S B ALK
B W AT AL ET A o B v FT LA T 2R s5 e o
T BEAEL S 0 ) f B b 4 DRI T LA 4T 2R 5 T A
MRS L B G /N FSEPR AL B G, 45 54T 1L
HEETZ5 M S8, B M LK 6 5 PrE LK
B G N

L,, =L,,cos ( arccos
AB

G' =G + hcosk, (8)
L1 : 1 [ [ 1
Sp /‘ﬂ“
|/ ~
Kl
() FTFLHEST (b) ITTLHESTIERRLA () FTTLAEET MR

F10 FTFLAEET S5 K m 2 8
Fig. 10 Schematics of structure of punching taper

(RN D RN {EH D))

e A HEFE ) 5 I B AT FLHEET AR R 2 2 5
JBEAE FIHE AL , 255 4T FL A2 AR iz sh o 48
TE LI 18] 5% 3 #1245 Y BE IRL KR 6 O

! (arccos%—ﬂz )s
G= (9)

™

Kby —— N E S S LA R e AR

() P BE IR AL I E 6 SALHL s FEfEoy
0.30, i TREFLICHEE — A KT 50 mm, £545 20 (8) #%
FTALHEET 1m0 JT Fr S5 b i, 2 Ty 80°, SE Bl AL K
JE G'939 ~48 mm, A [ 1 ) 25 AL P IR AL TE
TE T SE R B B fh i, 3T LA FT AR s A T 4T fL A
TRAL , IS A () B 0 AR w5 B b A7 B ST d B R
FLFERE 52 R 30 mm, il 2 R L 98 B R

70 B8 81 B BE, 4T FLAE BT 76 50 5 0 4 TR i
B, g PR UEST AL HE ST 3 DRI, Xk 3T FLHEET 9k 1a)
TR 1) 70 7 0 00 55 i A fk A 0 U0 R 0 A
WP 1L R o e o, S GhIE JT R 0 705 M R
AR AL R 7 1o B AR X T, v, Sy TG 44 ) T
RS NCDANE S L Res 2P S R BRI P

B 1] 0 R 70 9 55 Ml I S i3 o ) R, 55 A 19] )
P fih SR kAR, U A S K] R S
1 F )W) A ST LHEAT 45 M G R

Vn wl,
sin(n, - 7,) - . l,siny
cos ( T, -7, —arcsin — )
smmn,
T, T Ky
(10)
L v, —HLAFTZEEE , mm/s

o—— YR B f i JE  rad/s

e

V%ZZ%I

) B 77

(a) HhrE E 7]
I N =A%) B B TN = E

Schematics of sliding cut angle analysis

Fig. 11

5T AL HERT 38 Sh B, JF AR 455X (10) 7T 4
Ohia TR AT SL I U M B g MG, HAT AL
HEETHh 0] J] R e HV B B, m, BTN WU T
3B NS D AR EE R N R AR 3SR S L S N
ERZIBE D)

Tlmin:arccosh];hl:ll_lz— (%—K,) (11)
X L——3T LR 5 8 hoL ZE AT, mm
h, ——3TfLHEST 5 )& , mm

L AEEAIPARERAIF R S N A (=R S ISR K
FTALHEET DA 1m0 I R 7 1 U0 M s s A 90 D288, X 40
6] JJ Jv 1) ) ¥ DD R AT 32 T3 dr, 12
Fr7s , I6A45 e i VTROR T FLHEET 450 2 50k

F tanj
n(1,2)
Ff<1,2> = o
sin —
2 (12)
FT(],Z) 2];"f(l,z)

Fria =F, o tant, ;)

\

NG
N

(a) Hhrm E 7]

(b) B 1 %fzjj
12 W TR B

Fig. 12 Schematics of permeabilization force analysis



5 6 3]

V&

PRE A ISR T AL 7 25 5% AL SC S R 1R B it 5 il 48 97

Arp j—H RS T I B A, (°)
FTALAEET ) R 70 E fa, (°)
Fo oy —J1TIERFHUBE R D) ) J) N
Fo— 1 IMER T Hu R ik 1) g N
Fo o —HlE5 ] 71 Z 8] i EE 88 7 N
M 55 7T 91 BE $E D KR 0. 33, % Y BE 4 A
S 18° R RATALAHEET V) 7 71 1 i Sk 30°, S ARIE
W UIRCR ARG (12) 1538 U1 f B iz K F 520, 45
A1) R AT FLHEET & B by 2 80 mm, #TfL 42
FERE g A AT K 1,2 210 mm B Bh10] J) F d5e /7
IR 530, BE T ]I R 60°, i A T
PIREK
2.2.2  ATHALLKG ) 12 53 Hr
T LR 5 P EL A E R T AR e s A 06 AL
iR W)

i

v

m

s =27 —
w
(13)
A _ Try"l
" 30w

A A—E LA
WA gk FLIE s 120 ~ 150 mm, i
BRI AT SR S R L R B A 2.0 ~
2.5, BB ITfLEFE Az sh LA FTFLALA &5 4 R
P AR AT FLHEET AR s iz B Uk O B
. K
oc:llsm(?—ﬁ2 —1#) +v,t
(14)
I
e —

K ——HH] s
R4z sl 7 B AT FLHEET R N HI T T
MU S Al fk B 553 B Bk an 1 13 BroR o T FLAEET
R SRS AL A i Y HLR G R T R
mAES A BN E IR B AL iz 3l 2
JEEEEK o
FTILSERT AL RIB LI

— i 7T SIS S
T T 1

h \ \
| \ \
| \
\ N\
\ N\

13 T ALAEST iz sh 3R A

Fig. 13 Schematic of movement trajectory of punched

taper nail

AR UE Y B AE I RE B B VR FRE IS IR 4 O B
Heful, IF B R 3T FLUR JE ZOR R E AT SLEEAT AT FL g

FEZE AT 55 A O FT 09932 B 7 18], K L A6 5 3 — o 22
AN L7, 55— Ui 22 5 T 4T LR AT 5% s o
AT X AT 32 S A dn 1B 14 R o

24/ 74

14 ATALEEFT 32 J1 53 Mios =K
Fig. 14 Schematic of force analysis of perforated pendulum rod
B R 0] 2 B B VR - BB 6% G 28 50 H8 4 M, N
5 /2
M, +M,=M, (15)
K M, ——508 T T LA P 5% 46 , N - mm
M ,——FE FI 0T FLHEAT 5 48, N - mm
M,—— AT B IR AT FLHEET 55 5, N - mm
HFFTFLHEET A LRI S e , 45650 (15) , 9]
SE 4 Tl BRS04 42 [ 4 o ek 3k s 2 LR S
22 Pin, 4K AT AT FLHEET R ST AL
REEH 20 ~ 30 mm B, ZEFENIEEH 3.6 N/mm (147
(GIELS: 3

x2 HESH

Tab.2 Parameters of spring
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Tab.3 Relevant property parameters of simulation model

H S HfH

R/ (kgom ) 1 060

MSEFF NER /=4 0.25
B YItiht/Pa 1.1x107

R/ (kgom ) 2 600

+- 5 kL MEL /N A 0.38
Sy U1K &/ Pa 5.0 x107

I/ (kgom ™) 1 060

TRER ABS(Fh &) MEL /A 0.394
B9 ) B &/ Pa 8.96 x 10°

B/ (kgom ) 7 800

B CFTFLHEET) EL /A 0.3
Sy U1K/ Pa 7.9 x10"

il 5 Wk 52 R B 0.21

- 8 R — - 39 kL e E 2 1R B 0.68

B E 5 R B 0.27

il 18 W 52 R B 0.28

TSR SRR PR 48 DR B 0.57

B R 45 TR 5 0.01

[EE R/ 0.36

ST ¥ KL ABS i 2 TR 0.49

B FE 5 R B 0. 04

il 48 K S 72 KL 0.54

1 Bk 4R A 488 IR 4 0.31

B JEE 4 K 5 0.13

AR, R PR 3R kMmO S A R T vk
F T B o 5 4 Al S 2% AT fL I B 0 B R Y
WIHE SR L R AT A AR I 3 R DR a3 o 4T FL A
BT 5 A HERAE Y BB /AL R AR AL, B3 7 ALK
AL AL REAL 55 B 5[] 25 1, LU AL A5 - [a] 20
PEANFEAR , DABLE B 2 R 50T 8 e ek A] 3 [E &R
o FhEKCEAR M IE A p il s R, R g
s 4 PR .
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Tab.4 Coding of test factors

i ks
IR AR AR E K E/mm
-1.414 2.00 18.0
-1 2.07 20.3
0 2.25 26.0
1 2.43 31.7
1.414 2.50 34.0
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1€ EDEM J5 &b 31 5 T Fp 5 4 58 B0kL i &
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TR0 25 5L P A AR P 0 B FL B DL R AE [R] 28 3
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Tab.5 Design and results of experiments

iS5l
K75 [R5 Y/ %
Xl XZ
1 -1 1 78.2
2 0 1.414 84.6
3 0 0 92.7
4 0 0 93.5
5 1 1 89.5
6 0 0 94. 1
7 0 0 93.2
8 -1 -1 81.6
9 1 -1 77.2
10 0 0 94.4
11 1.414 0 84.2
12 -1.414 0 78. 8
13 0 0 93.3
14 0 ~1.414 79.5
15 0 0 94.3
16 0 0 93.4

6 nIH BT B E MR IS F =465.92,P <
0. 000 1, BH1Z 0] 9 5 70 1 8 255 R LA 56 b P >
0. 05, A i 3, 3R B 2 m] ) A 70 7 3 6 v P UL

K6 FHEFWER
Tab.6 ANOVA results of experiments

HiH H F B ¥ior F P
T 5 137. 68 465.92 <0.000 1
X, 1 26. 41 89. 39 <0.000 1
X, 1 32.45 109. 82 <0.000 1
X, X, 1 61.62 208. 53 0.0270
X3 1 297.03 1005.13 <0.000 1
X; 1 270. 82 916. 45 <0.000 1
L 7 0.3555

E318 3 0.1555 0.4372 0.733 4

BERE R 5 X, X, 0 Ah AL ) 20 A A 35 s, 38
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Y =93.61 +1.82X, +2. 01X, +3.92X,X, —-6. 09X -
5.82X; (23)
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Fig. 20 Field seeding experiment
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Tab.7 Result of field experiment

FHEL CFHB BRAKE

K fLEE/ [ 25 %/
By LKE/ Rahs
T 5 mm %
JiF/mm mm S A/ %
1 81.71 50. 50 5.37 145.12 85.45
2 80. 81 46. 50 6.09 141.94 84.45
3 78. 82 51.31 4.45 147.22 86.90
IE 80. 44 49. 44 5.30 144.76 85.60
5 #ig
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