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Design and Experiment of Rapeseed Furrowing Device Based on
Plowshare Oscillation for Drag Reduction
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Abstract; Aiming to address the problem of high tillage resistance encountered by traditional rapeseed
furrowing devices in the heavy clay soils of the Yunnan hilly and mountainous regions, a rapeseed
furrowing device was designed based on plow body oscillation for drag reduction. A double-moldboard
plow with lower resistance was selected as the furrowing plow based on the furrow profile. The maximum
oscillation angle of the plow body was determined based on Coulomb’s soil pressure theory and the
geometric relationship between the plow body oscillation angle and furrow width. Mechanical principles
and graphical methods were used to determine the dimensions of the mechanism components and verify its
transmission feasibility. Finally, through motion analysis of the oscillating mechanism, the relationship
between oscillation frequency and plow body motion performance was clarified. To determine the
influence of different operating parameters on the drag reduction performance of the oscillating furrowing
plow, identify the suitable operating parameter range, and determine the optimal operating parameters,

single-factor and Box — Behnken simulation experiments were conducted using EDEM, with plow body
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oscillation angle, frequency, and operating speed as experimental factors and traction resistance as the

evaluation index. Single-factor experimental results showed that the suitable operating speed of the device

was 0.5 ~0.75 m/s, the oscillation frequency was 6 ~8 Hz, and the plow body oscillation angle was

8° ~9.5°. Box— Behnken experimental results showed that the optimal operating parameters of the device

were an operating speed of 0. 50 m/s, an oscillation frequency of 7.98 Hz, and an oscillation angle of

8. 1°. Field verification test results showed that, under the optimal parameter combination, the average

traction resistance of the device was 1 021.03 N, a 19.00% reduction compared with the traditional

fixed-assembly plow body (1 260.73 N), with an error of 3.9% compared with the simulation

prediction. The furrow depth stability coefficient and furrow width stability coefficient were no less than

93.8% . The oscillating furrowing device showed significant drag reduction effects and stable furrow

formation, providing a reference for the optimized design of furrowing devices.

Key words: rapeseed; furrow opening device; oscillating drag reduction
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Tab.1 Main technical parameters of oilseed rape

furrow opening device
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Fig.4 Coulomb earth pressure analysis diagrams

ERAR SIS POy

wsin(k + 1)

“sin(90° —p — ¢ —Kk + ) 4
1 w:O.le:O'lcaZCOS<,/\_K> (5)
2cosAsink
Kb o« W4T fR L (°)

n—— WM ) R S5 2LT0 nm 3289 £
— R RHE N R AR, ()

B LIES PS5 R A On 2
FRI A, — P R BLAARE 5 B e R 4
1, (°)

A—P HALH On 55853 7 I /1, 55 T AL
A A e K42 A, (°)

G—— iR F S kN/m’

PEAWIRE ,m

A T AR, m?

AT A, 2 P Xk SRF R 0 W, 20T
BROR P AR, e T A L O TR, B
0, B AL T

(LP:O.IGa2 -2cos(2x +n-A) (sin(p-A) -sin(A +7))
ok 2cosh (sin(2k+m-A) =sin(n-1))*

2k #0

n#A

k=45°+1 -7

a

S

=0

(6)
W AFARARK (4) 17
_wsin(45°+1) 0. 1Ga’ cos(n —45°)sin(A +45°)
sin45° 2cosAsin(45° + A —n)sind5°
(7)
(7)) AE, P RHET A W= Mks, m T+
REE G R EBEWIRE o 7S, R e 5 50 it
PE5AXFREN

Pecf(A) =

P

sin(45° +
COSHSin((450 +/)\\)—7;) (8)

NI HEEMM AR P 5 A BIKRR AT AW
transcendental 75 72 F) ] Matlab %% {2F % Bl >R f% , 24 +
MEPIEEE f g W18 i PO A Y A Ak i 2k
Kl 4d iR, B, 98 ) P ORE ALK 1] 4 i R

A EIRIE WM E MR, 2 A O 23.35° /), P A
/N AE A TE 00 ~ SO°E B AT P2 i AR LA R

i L RTIE , F AT PRI B AL B9 s Ok
TR A7 e AR AR A BB SE AR K, FE fE AL T
B R B, X AL A TR ) R e R R B g
R 5 PRI A6 B 2 BF B 3 2R T AR i A R
R AE 0° ~ S0 L HEIN .

2.3 BEAWmE
oA {8 25 L T T I 9 A T SR AR AR 2D R AR
PP S TR AR A0 7 1AL, BT LA 56 &SR AT
TR S TR T O AR N
l,, =1Isin@
—sin( B _ ¢
ln,l,—bln(2 0)‘ 5
cos -
= - cosf — cos B _ <
l,w—tane[a [ +Icosh (2 G)COSIBJ
2
b
jzlw +1, +lkq
(9)
Fop e=0-90°-9 (10)

K b——HIFTEE , mm

4 =, mm
I——5F OB RN = B, mm
L,——8 wH & v R, mm

Ly— i v B g kA HE S, mm

L,— kB g BYFEEY , mm
AEASEE T Fmd s, (°)

c

e

o— 48, (°)
o— WM, (°)
B—or A, (°)

L5531 SETT RE A A 20 B SR AAR MY A A FATAR 114
Al o b o A B2 ML 3] (2021—2030 4F) ), ok
PRAERE VA A HE K, ZORBE EAR W RE o IR RN
250 mm, TAEMREE b e KA 350 mm, Bt AT FHAL
HERLE LA ¢ o 80 mm e BI AL L LR
700 mm Y FE AR o Sy 110°, 73 4 B 90°, i ALUE



%6 1

HRHEIL A JE T ALOREE Sl B ¢ 90 SR T ek A 2 B B S 133

M s

B

K5 BEMARER
Fig.5 Schematic of plow body swing angle

KB B R TAENR 95 350 mm B, 80 H 5 K 224841 0 K
4.75°, i BRI IR M AE 0° ~ S0° H A 5 A
ERUR R R A2 20 ]9 9.5°,
2.4 HMIMHWHERTSHHE

B AL BT LA AR EEAT HLAG S T 7 AR 5 AL
¥iz shfa B (L 6) , LATT V8 BLAR ) 16 RS BT 78 4o &
g A bR TR R, N ELAR A AR R R L A 0 SR BBOR A
RoF2801 0 L IR T 47 1

z

B
1 o
= YA
ARG B i
b 4
Lo | /'/
nlke e 7
L /z/
e -
o/
1) //
v,
§D
|
|
RS
I
O\t
T 2

K6 RBhHLI Iz 3R &
Fig. 6 Schematic of swing mechanism movement

M F 22 A8 TV AR X T HLZR 07 B e, B 22
o i e PN s B A G e SN SR 7 B S| B2 )
I rhut i A A AR (134, 83 mm 855 mm) |, T i
RSP RIThC & D A4R 4 (0,700 mm ) | i
1M AT SRASHT AD K B2, B 2l 5 Tl 5 vhoats 55 91 1) &L

Fedb g O BEES 1,20 205. 41 mm,
T RIRZE AR M 20 E e, Hitid &5 D i 2
FME LR N B AL AT R e AE L B A v B IR A
PLt 2 Sk /o 20, B4 4 4b F y Bl I
A ALAE IE J AT R ¥ AE T4 B S lnl e, R

HEAEFT 5 I AR B4 N R ALK B B A2 A R
P, 5 AL — AT T« WAL b, B
C,.C, 5 5 A FAHRI G AL bR, I AT 8L C A bR oy
(12.88 mm,855 mm) 45 C,2kFr K ( - 12. 88 mm,
855 mm ), g C i F y 4 b, £ C A 45 K (0,
855.53 mm) ; [ABH, &5 B, B, WARK T 22 A5 WA
SBT3 S B S L RS A A A )
YAy, HS B 35 B, MIEE 5 4 C 85 C,1iE
BIAAE DA B, A A5 (147,71 mm 855 mm) (45 B,
ARFR (121,95 mm,855 mm)

M LR AT, 3 AB W, RTAS AT AB KB BD
5 B 48 VI v BB S 8 5 3 B A O A AR
L, 12,88 mm; 4 BC W 50, il 34F BC KB Hl %
FEAT K BEE 1,09 134,79 mm 5 3% 4% CD P 5, AT 434 CD
KB, RV $2 4T 55 TF 0 AL RE B4 s B AL 5 TR0 &Y
B KB 1l 155,53 mm,

R T 9 R T AR AL RS S B T AT M #R R B
WEAE S B AMESN A v, IR E/IMES Ay, =
50°% N
C+0-(l,-1,)°

21,1,

Y, = arccos

Lali-(l,+1,)°
201,

(11)

vy, =180° — arccos

min%'yl »Y2 f = Y min
Xf oy, ——4T AB 54 AD |4 WHHT BC . CD Jit

s, (°)
y,—#F AB 5FF AD L0 41 BC . CD Jf %
A, ()
V™Y1 Y, TN, (°)
JHETS y, =82.751°,y, =82.749° y. . =y, i & 1E

IR
L5 LR RS MU AT AB K [, 9 12. 88 mm,
T BC K 1,2 134.79 mm T CD £ JF 1,4 155.53 mm,
FFAD K BZ 1,0 205. 41 mm, BLR K 7E A #8240 20
9.5 /NGB vy, = 82. T49° HLA I J2 HE 2
S AR EOR T A IR, A% B PR RE AL
2.5 ;MBI
E%ﬂ%ﬁjm%%*’@ﬁﬁﬁ#,ﬂﬂ@%ﬁﬁ%iﬁjﬁ%'ﬁ
ALK S PERE G & XS AL I S iz 3 40 #r
SNEWSEESmIE IR CESEES = E SN AL CESNES
7 U E Sy = O 5L 1D

Le +Le" =1, +1,e" (12)
o 0 =T w
' 180° !
(13)
=27 -
® =35 wf



134

® bk

Bl

L4

o
F

i 2026 4

X o, ——FF AB W% B 35 f 3 B rad/s
2 W i B % T v/ min
SRS RS R He
t—— 2PV E] s
0,—FF AB BIResh fa st ik ik, (°)
0,—HF BC RESLAT RS M, ()
0,—FF CD RN R %, (°)
Xt 3 (12) BEAT IR A] ¢ (89— L = B 5%, 102 FH R
P2 3T A5 T V8 B A R R AR i R
lwsin(, -6,)

n

R'——HLEE 5 IF Vi AL He b 31 I 1) AL 5T i BE
.m

F—— i hr HLTE « Bl 75 ) 42 44 i N

F —— 23U AE y Bl o7 1) Bir $2 43 ) ¢ 4
N

Fl— IR 2451 ,N

Fo——123h LA Ay il J7 1w BT $2 Bt 0 AQ %K
& ,N

F,——HHi LA « b7 ) 424 AR, N

0'—F FIF Jrdesifh, (°)

FTAC12)  (14) R E Jg 12 80, F A
Matlab #fF AL Ty F 52300 £ 5956 R, W] 1542
SHUATE y 7 1) B8R Ak 1 ) F SRS F i —
WHBLIE LG, B 7h fiR, 454 20(12)  (14) F
7 AT IR BT 52 G ) i R ILTE « Bl s ) 4
By Ty F ARSI HL L y S5 ) B fe b i g F 4R
ik, BEA R fHIN, ALK E AT — A A 0 i
)8 /0, [y F RARLR RS I, S 3 0778 K PR
BB TIETCST I AR — B A 6 £ 90°, 1
HTAJ'JTéﬁBEth FOPRAE | 22 fuh 4 b SR A5 B R

U 2 AP AR S o N Iy T o
SISy o T A2 S AR, BURSZ B o J7 1)
A BT BN

Tt (!
B0, TS

RGN ITRE

@s = lsin( 6, —6,)
~ Liwicos(0, —0,) +lLw; - Lwicos(0, —6,)
= Lsin(6, - 0,)
F, =mya; =m;R’ wh + ol
F/=F +F,
tanf :F;
(14)
KX w0, 0,—FF BC.CD & TFIH AL A
B rad/s
ay—FF CD BIIF I AL AR I |, rad/s”
—ﬂ:{’j ):f%i kg
,m /s

1.6x10°

1.4x10°}

1.2¢10°

1.0x10°

E 8.0x10"

6.0x10"F

4.0x10

2.0x10%+

0 50

(o) B E H R B ZHTEE

Il
100
JTHz

(b) J1F it f 2R £

i L2

Il I
150 200 {7 0, T

() IR

K7 Pz 8o b

Fig. 7

3 BEINMFEAREGERR

N T ARG W LT 4 S AL e RH T RE
iz EDEM 8 85 {5 B8R 1R Xk AL AR 42 2l IF i ) it
FRVEAT U7, ik 2 PR 20 0 A5 1 3 R B R R Bl
FRE R AR B AF 2 800 J, G Box —
Behnken 753 H B AR S iR (E SR &
3.1 (FEEREYT
AR x FE x 54 1000 mm x 1000 mm x400 mm,
KHF ) H AR 6 mm BRI - S BURL, 1 R T
VETRAT R A Y P S HS IOSCHR [ 30 - 32, dnk 2 i
IR o 3 il A% 7 SR B Hertz — Mindlin with Booding

Swing mechanism closed vector polygonal illustrations

R2 BHREHESH

Tab.2 Parameters of discrete element simulation
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Fig.9 Effect of operating speed on traction resistance
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0.75 m/s, b F ARSI E Ny 6 ~8 Hz, il T ALK R 5))
RN 8° ~9.5°, NIRFTIK L K 2 XT FAN 45 45 19
S 0 2 PR R 45 DR 3R D) A2 B AR TR T M 48 A 00 5
ma, A 2R S8 A A, TR =& =K F Box —
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Tab.4 Experimental factors encoding

K%
i by PR 7/ R/ RUKIRE L/
(m-s™") Hz ()
-1 0. 500 6 8.00
0 0. 625 7 8.75
1 0.750 8 9.50

XRS5 Hh BB IE FE AT O E i A Rk 6 iy
No HFR 6 AL A G EEAR 3 (P <0.01) R
AT B35 (P >0.05) , 1% 458 7Y 0] fz e ik 56 P 28 %
5| BT 09 0 B X 06 45 R k4T £ o0 4 bk [l
T, a5 B0 Y XHE D B 1 3l AR A R
A Uk 22 3 X ] I AR Sy
Y=1112.57 +35.34X, -3.53X, -3. 69X, -
8.72X,X, —49.78X} - 15.38X2 -29.70X;  (15)
H1E 6 AT, 3 AR 6 P 26 0 35 B OF 3 48 5 Bl
SEMA R B K EMER N X, X, X5 X, XX
X3 X X B3 X, X, XX AN 5
B 12 AL, 7R AR b i BE A KR %6 E
Y42 5| B 77 Bl R b 38R 1G5 S 8 S B O 2%
TR RRIE S A A KE TR R E A S
3 B LR B R S B R /N B
HOMBEEEMMEETIENS , BRI TP%. FIH
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& 5 Box— Behnken i{IG &R

Tab.5 Box — Behnken experimental results

RS 5N A 5
. X, X, i Y/N
1 -1 1 1 064. 32
2 -1 1 0 1009. 82
3 -1 -1 0 1013. 26
4 1 0 1 1055. 14
5 0 1 1 1 063.98
6 -1 0 1 1 002. 98
7 0 0 0 1116.22
8 0 0 0 1106. 80
9 0 0 0 1113.00
10 0 0 0 1117.50
11 0 -1 -1 1078. 14
12 -1 0 -1 993. 60
13 0 0 0 1109. 34
14 0 1 -1 1 063.52
15 1 1 0 1078. 34
16 1 -1 0 1 088.22
17 1 0 -1 1 080. 64
6 HBERFESW
Tab.6 Variance analysis of test results
HEKE  FHA #y F P
iy 27067.50  3007.50  247.34  <0.0001*
X, 9 988. 50 9 988.50 821.46 <0.0001 "
X, 99.97 99.97 8.22 0.024 1"
X, 108. 63 108. 63 8.93 0.0203"
X, X, 10.37 10.37  0.8527 0.386 5
X X 304.15 304. 15 25.01 0.001 6"
X, X5 50.98 50.98 4.19 0.079 8
X% 10434.31 10434.31  858.12 <0.000 1"
X§ 996. 11 996. 11 81.92 <0.000 1"
X3 3714.31  3714.31  305.47  <0.0001**
= 85.12 12. 16
2 8L 3 3.58 1.19 0.0585 0.9790
afi iR % 81. 54 20. 38
S 27 152. 62

o TR B (P <0.01) , « FREMWEE(0.01<sP <
0.05) .
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Fig. 12 Response surface (X, =0)
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Tab.7 Field trial results

P2y G 1 /N

i 2 : [E
FEl 5 B 220 L
1 1279.12 1024.71 19. 89
2 1260. 60 1018.27 19.22
3 1242.48 1020. 12 17.90
12 3y FF M 740 25 R (] 25 T e ) 25 e 9 T

g R UL 8, mEVA F- Wi WL IRl 14, H e 4 2R
AL, XF T 45 B T e e B O B R Oy 257.5 ~
268. 4 mm, F-H 7 55K 370. 1 ~372. 4 mm, 5
B BRI VA TE A X iR 22 B HE 7. 4% LU R T [ 25 T
B A2 S VR IR N 258. 9 ~265. 5 mm, V-1 14 G
1 358.8 ~360. 5 mm, 5 TR FE I 58 AH X 1R
ZEAE 6.2% LAV . HI UL A] N, 152 Bl I mE 7 5 R
6] 25 T B 70 20 3 R T i A 25 N K, H A T IR R
TR R E RN/ T 93. 8% 1 2 SR T
M V) 0K

®8 FEAXEEIEFREBHXBVER

Tab.8 Results of furrow quality test of furrowing device

s W PHRR, WRfaE Pl WIERE
= mm FH/%  Fi/mm REU/%

1 258.9 94.4 358.8 97.9

FAERA 2 261.6 93.8 359.0 95.6
3 265.5 93.9 360. 5 97.2

1 257.5 95. 1 370. 1 97.1

BHHRME 2 268. 4 94. 4 372.4 96. 6
3 259.2 95.1 370. 7 97. 4
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Fig. 14 Cross-sectional views of furrow of device
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