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Design and Test of Power Straw Clearance Device for Strip Tillage Unit

HOU Shouyin HUANG Hao ZHANG Hanfei JIN Bo JI Wenyi
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; Aiming at the problems of low straw clearance rate and poor anti-clogging performance of
passive straw cleaning strip tillage machines under corn straw surface mulching conditions, an active
straw cleaning strip tillage unit with contour-following functionality was designed and its core component
was developed—the power-driven straw clearance device. Through theoretical analysis and randomized
block experiments, the structural and operational parameters affecting the performance of the power-
driven straw clearance device were determined. Using the initial cutting angle of the blade, pitch, and
cutter roll speed as experimental factors, and straw clearance rate and power consumption as evaluation
metrics, a parameter combination optimization was conducted by integrating quadratic regression
orthogonal rotation central composite experiments with discrete element simulations. The results indicated
that all factors significantly influenced the evaluation metrics. When the initial cutting angle of the blade
was 45° ~55°, the pitch was 190 mm, 200 mm, 210 mm, and the cutter roll speed was 370 r/min, the
straw clearance rate exceeded 88% while the power consumption was below 750 W. Based on the
parameter combination optimization results, a prototype was manufactured and field validation tests were
conducted. The findings showed that with a pitch of 185 ~220 mm, an initial cutting angle of 50°, and a
cutter roll speed of 370 r/min, the straw clearance rate was no less than 85.2% and the power
consumption did not exceed 750 W. The relative error between field validation tests and simulation
optimization results remained within the acceptable range. These findings can provide a reference for the
design and optimization of active strip tillage machines.
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Fig. 1  Strip tillage monostructure composition
LBUJER 2. A58 3 R A 4 RIS S 42
YEEE 6.5 | BEfEE) T WREREE 8. AT AT B AL
o9 BRI 10, J1 LR 12, AR 13 J14R 4D

AT PUAT U5 T MUK T8 3 iR AR S LA SR AL AR [
SE 38T e M R, TR S B L 5
o TR PR A [ E I IR BB b YRR
BT B 2 T AR P AT DU AT O IR HLAR S R AR T SO
b SOE SR AR E e AP AR B M
PEEAL D, 0 1 HE AL B R I EE B b0 R S AT
VU5 ALK B3 AT P AT, TR A, o 2% T AR
JE 0 PR 2% B SR T AR 8 G A AR 2 i AR E
o2 RARLEh LIS 1 REEfe s N ah e o EHERe, M
SN Bl BE RS 50 B ke DR b [ 2 3 4 R T
SORLRENNSA - S SCRE SR IPoR: DIy - UK
B M B 3 RS T 1A T R R R BOR EOR
T it e B R B TS A 0O TR T B R T e 4H
S o TR I R R R A DR Tl AR K, T A
BRBEHE A K742 T D4R L, 6 R 0 0 R AT T [



24 A Bl OB ¥ 2026 4F
4 BT I B I v, =gt
1.2 TiEEE V, = vtlh,

BUELA Al A, 38 98045 32 L A L 5 60w (D" - d*) Snpe (2)
A U AR X R B W R VR L A 7= 4
MM S VR o 4% B S PR L2 31 F A i 8 D=2L+d

RIE i b B0 S A7 DU 005 12 AL 5 BT AR
TREM AT R B AL TR 5 R 1% 3 2R G20 3h
3K R R A T R R e )
W BT BERE , QTR 2a BT 7R o T A DA S RS AT S
P T T R R B AT R DT 1

———————————————————

. d,
S N e
VR R R Y o L
BRI 0O
__________ - —
Ty F"__i,,,,,,,,,,,,,,,,,,j“7
F&#F
N
LN, G /1~:—¢
(a) VA TI TN 0]3E B A
TERE R ATy 0]
—

THTR
Tie4% 77 1]
(b) F5FF Al )32 2l 530
B2 iR AR
Fig.2 Working principle of straw cleaning device
TR )1 He SR e A B T IR b Ui P
JoK LA Tl 1) A 32 D A MR T A 5 R T Y el )
Bk A B R A, E 2b R
TR R 2B T ) e T MG KRS AT S IR T LB AE &
FE RSN 0] (B BE, BEAREE ZE XU ; B AS #F RSF R F
o YA % 1 S i o A 2 s 16 N L e e P
FA W B

2 xEEMIRIT

2.1 XBESHWE
Tl 2 TR ol R, Sy ke 5 G T R B S Bk
PRI IE  BE b DR UE VA Rl 4 AR B [B] A RS
FFF Al 1] i % K L IELAT B B B R A N R A
st RO AT ROR
V.=V, (1)
Hrp

X VBT B ) PN R 1  , m
V,——HLELAT B B A FE A o i, m”
q R A 1A ROCR  kg/h
D—12JE 5 A%, mm
d—J] iR HA , mm
S——I2FF , mm

n—— {7 F 5 % 7, v/ min
p— T T % i kg/m’
e— A AL
—— T AERFE] , h

I—— i R 4645 52 BE , mm

L—ER IR K E , mm

hy T BRI mm
v—HLEATHEEE , m/s
(1) . (2) "5
vlh,
SnL(L+d)260ﬂ'pgo (3)

A3 (3) FTAT, Y HLEL Ay o B — B 5 e A
FE I8 BT 0 ) N R AR A DGR TR
T RHE R R
2.1.1 HRIIRKE
S TR RO T K R AT 56 R
40 ~50 mm"'*' . A i kAR B K K A AR D B
SERFE I, R PRIE TS RS RO, DG T BT — A IR
JE R R R R I RERR R . LR AT RS
SRR, M e A LI 10 mm, F AL
S BRAF T T30, Ay 3hE G G T S ARG R 5| A 3% 9, M
T UL I B R K TR AT R B 2 A5, IR T 46 K
JE R R R N
L=2h +h, +L, (4)
K h,—— ALWE ,mm
L,——JIH &K, mm
A T R 015 2, TR BE B 40 mm K A
KSHARAK(4) ITERE IR KR 140 mm, &
HESCHR [ 17 ], SR (R 35 A% 0 15 B 2 08 5 5 5 NI
I RE IR 9E d, B 50 mm, YRS 115 T 5E d,
4 25 mm,,
2.1.2 JIREHR
TR ERSER G KEXRRZAN
d=(0.2~0.35)D (5)
H 2 (5) A TR ELAR R 175 ~ 215 mm, S 45 /)N



% 10 1)

PRy B A o TG AP M R A A 3 ) T A R RO S 25

T8 A e R AR R @5 R BB/ IN TR ELAR i)
REAR A 175 mm,
2.1.3 12

PUNESIR I = VAE = R Y s TR o s A IR RS
2770 RS R AL S B 0T O SRR O, 3 b R
g Y R A R Al ) Ak e S X O e U R
RE 7 100 2K Z i o

K3 R

Fig.3 Straw force analysis

1E XOY V-1 N B A1 52 1 f 2 Bk 1 e 1 F,
Y B R B AR B f, R e R R
M5 J1 F 52 5 3550 W g 5 1 ) R O EE S 4R 6, 8% F
oy Rk e oy ) F AR x ) F R AR
F},:Fcos(0+ﬁo)
{Fx = Fsin(9 +8,)
X g— 18T, (°)
Shy S G T R b 10 A G A
F,cosB, > F sinB, +fsin(90 - B, - 6) (7)
B (7) Al 4
F cosB, > F tanfsinf, (8)
4 R SR AT 0 BE B A — i 23° ~ 3311 I
6% 33°fL A (8) T 1% B, <57°.
B T A AT e o

tang, :% (9)

W 7R AR AR e T AR A (9) 13 IR B/ T
800 mm , W5 [ 3k JFCOKE 1 JAH &0 T 145 il e [ B L BRI
WELRE Y TR 3% 5, R O T A % R 3% 2 01 1) 55 il
HEIZ R 5 WEEE 2k /N U e A A 26 0%, HL3Z U0 AR il )
RSFRRE 5 & LS540 T . 256 2% 8, i 18 N
150 ~275 mm , i 38 56 A 7 AR UM
2.1.4 VR E L

T8 R 8 A M B B 3 A A 2 AR ) U 9 B
FIF GRS . LA PERE , 75 23 B A 1
SR I A R, N TS, ¥ F—
O\ 1w - 18T PN A 045 R A ol — 4, an Rl 4 TR .

(6)

W o vty
4 RN
Fig.4  Grouping of straw cleaning blade teeth

1 ZH N AR AR5 F 70 14 3% S 4T < i B, T A

ERTUERE R W N
_60v
"N,

X N ——1 AR TRk %

il 1) R AR R DR R ATl i B T A
B ERE R W,

(10)

60v
W, :anNz (11)
A N, —— B IR A A T 14 24
S AR 1 2 AR i R R o 2y 0 3, B
AR A B T RS 08 A L

hy, -W,=¢gW, =W, (12)
KL hy TH A% 00 Bl ) 8] B, mm
£ ZH I R AL
LIRS
5 10° (&N, +2)v

S 87 1kl ) AR 4R 0 1A 18] RS AT 34 2 1] R S /)
TREFT I R AR BB V3 DOBY S5 B K RS AT d5c R
BT 25 mm™ ;[ i k58 G U 9 O 5 RS
PO 1S GRS AT BLAR o 4545 W 5 Bl 1)
J14 ) #E 2Ry 37,5 mm,,

h DR IR 22 A7 B2 Y0 1R PN 0 1A 0 A % 22, B R R
SPAR e R G RPN I QSN A Y ERAR R
L5 R 08 1A b 1 8] A5G R AT KR A

N, = (14)

Hi 3 (14) AT A3 AN MR EE N TS RS )8 B 4 ~
1o MR VT3 X 3l g R 3 Bk 5 st AL AR b i 32 3
INTF 2 m/s IR R BT U 0. 1, B
ZHURA(13) 13T FEHE 543800 300 ~500 v/ min,
2.2 IOt

R AR B R AR RS AT LA (8] i R AT BE S
AL I 5 i 1 2 s WO B R 2% 38 T RE Y
AT IELE TR, S BRI I GEREBCR TR &
BRVETE DU 1 00l 2k o) A R i ok

H ULAE AT AL BT H 7] 0 il 2 A B L K TR R E |



26 £k

DI

2026 4

o RO B IE 2246 BB e . b I 3K 4R MO e
)11 By 4 S S8R B /0, EL AT e 3 00 46 D
DDA BRI A L0 AR B S U LR R
e v U0 11 20 1 e L T 2 M i S
o PRI, 306 I 5% i 50 4 A S 3 A 0 145 90 11 i
2 IR R AR AR DT, AN S BT o

Ik

\ 24
KIS iERE I 1 114
Fig.5 Curved blade profile of straw cutter
AN A I ARG O A, AR i B AR R
IR PSEIKES

l,. -1, = L (15)
0¢ "% " tan £ ACB
Hrp L,y =psinA,
Ly =p +A4, (16)

Loy =pcosA,
X p— WA, mm

M A A, JC5 /N, 575 LACB y o, B HE5(15)
A5
g =PA (17)
tana
Horp a=o, +KB (18)

L a—WYIf, (°)
oW I, (%)

[EX 7
B— s, (%)
B (17) iR
sin( oy + K *
peo (M) ()

AP pp— WA AR, mm

it (19) AT 0, IE 3% 48 % ih 46 R 32 328 i 0 4
WA 00 B W) A LW AR A5 R A L R B B A 4
MHEPE

S SCHR [26 ], S B 15 7 #6568 i S R AT,
I 2

a <90° -9, (20)

R 6, —— R SRS I B, (©)

WG Z K K - 0.1 B IE s B2k B
/NDIEIEAE™ . B )R 5 R T R A — Bt g 23° ~
33000 fhy 3 (20) AT AS 00 46 WU 4R R /N T 570 LLRE

Wk AT gEgE . X (19) KW, W) 4R ¥ U1 A 3% R, 7]
1 2y 3R 3 O, fk T ARSI, A Bl T4 o A B
i EW R Ty . B, B0 4R W DD A E O 35° ~
55°, 38 1 1 0 aE HARBUE .

TR 04 K 2 220 , O PRIE IE 5% 45 Bt 2
7)1 5 g R T4 K B AR VEC , 7 0 e

L—LIBJ(pcosa -po)” + (psina)®  (21)

Hifs po=a 1, (22)

i a(21) . (22), A 15 1E 5% 48 Bt £ 91 1h A
0 137.5 mm  # fA ok 0° ~35°,

Wk B3R ST HT B E B TE A R M RE 1) 45
5 TAES B G R, b w0 n 18 U0 e i IR B
L 2B A o
2.3 BRI EHHIAE

R B DR A A M AT RS T R R T R A 2
A KBTI RE : OFE FF AT HLE AT 7 10 f ik . QNS
R Al 1 o DR W RS 0 0 SR P e A
Jr T IIAR b o N R IBNE 45 K 2 AN TR g 2
FEPE RN TAEVERE I AL ROCR 5 0E— L W50 TF
SUEESDRER Y B AY (T

Al MR BF AN [a] , WERE AT 43 Shy 45 B R E A T O R
Ji@ s AR AR A% B0 D 1), T Sy B4 e R AR UL [ MR . K
X SR ELE A A B 4 MOE RS )R HEAT T 3L K 6
JIE7R o 1Bl 6a Sy 5 B 5 o] ME5E HE A, 45 04 1 B L AR
55 P 6b Sy S5 BE X fm) B2 A A, BE ARl 1) i 2
J3E DT i B 5 T S AR I A1 4 28 XU 5 ] 6 Sy i I
B o) W HE A, HC AR IE DA B e M A AR IR B (5
P 6a 6bLRAF— ) JF 4R, U5 Bl 1w o) A, 0RO ¥ 3
I, 2= f A I s BRI AR IR EE Y 1.5 A5, REAT &80 1
AT AR R0 G A7 3k 4 5 18 6d kg 7 T X 1] MR e HE A
FHEELIE 6b (6 LA, AHAN TME B R A

Mw ik

(a) S5 B0 H ] (b) ZERE AL 1] (c) HiIT e (d) HIF XL
e e LV WRHE

6 R 0 B HEAR O %

Fig.6  Arrangement of blade teeth for straw cleaning device
2.3.1 KA SR

R T 2024 4£ 10 25 H A E BT H 5%
FEUA IR T A UG PH A 37 St . 6 X LA SRS o
RIS X K Bk ZE LA AR S5 AT RS AT KRR, 22 R
650 mm  Z&BE 110 mm, RIEFTIHEHZE 0 ~ 100 mm
L HE KRN 18.9% |, 1-HE IR SRy 20. 8 kg/em’




%5 10 3

PRy B A o TG AP M R A A 3 ) T A R RO S 27

TR 50 1 FH 45 A0 35 AR 41 604 BRI AL , 3 3
VG B S5 BEHL . DGG — 9070 AD % H #jE i % X
TRFE (SZ —3 B 4 HERF EEAY TZS — 1 7Y 4 3K 43
TEA BT RE T A T R S R A R i D
50° 9 3 FE T 1A, 22255 NBLUE 28 490 B R 45 R 250 mm
2.3.2 KTk

BEE 4 A4 B S5 PR ] B8 5E (TUS) | 45 B 8L
BE5E (1BS) | ¥ T B 1] B8 € ( GUS) | 7 FF WL ) H5% e
(GBS) , LA 34 400 r/min $EA7IR5 . 554~ 4b B AE 1
BLI50m® FE A 20 K, 3k 80 MK /MK . R H B
LI VL 2 HE RS , W R R I 46 45 o B8 i
Origin 5 44b BEAN AT AL , 125 7 22 5% M M £
H K656 % F Shapiro — Wilk \Levene #1 HSD J5¥%:,P <
0.05 AGitr R E 2R,

2.3.3  PEREVEM S BRI

IR, 76 B /N O RO 4 AN
M4 200 mm x 200 mm [X 35 Py 7% AT, S 8
FEFFER [ B b o USR5, 3 0 00 o b g o7
FEAF i o T8RS FONAE L IS 20 KRS FF 5 VRl i
FEFFE M o

1 _MZ

M
Y, = < 100% (23)

1

Krpoy, %, %

M, — I & XA J5 RS AT ke

M —— ) XA M A A i kg
2.3.4 HR5GH

H &7 AR, SRR BRI AT Q- Q K

XF R T, ) DLW AP A E G 0 AR AT S AR S
i 1 Shapiro — Wilk J5 ¥ 3 — 4 ¥ 56, TUS | IBS,
GUS GBS P ¥k F 0.05, 0] #f & 7E 0. 05 7K 514
BT R R A A A A A

88

o 1US cus

8T e 108 cus -
e [BS e GBS e °

86l - IBS| ~—— GBS &

Bl iwf
& pr

®

R ,yb‘

L 1
81 82 83 84 8 8 87 88
B ws %

Bl 7 ERSA Q- QK
Fig.7 Normal distribution Q — Q diagram
Xof 1t 9 B0 2R AT B K 2R U 22 43 BT, 7E 0. 05 K
FAFT  BOARY SR (E 2 AN TR, SR ] HSD 5 ik %
S T 2 E I, 45 R E 8 k., Kl NS
FARABE(P>0.05), * TR BF(0.01<P<

0.05), == KR EFHF(P<0.01),

90 -

NS
89 ok
sl ok |
l sk

87 ok |
= #
86
i;fEP
ir 85+

84 -

83+

82

81 Il 1 1 = 1

ILEN] 1BS GUS GBS

Y HE ik
K8 HREMLENMEER
Fig.8 Stubble clearing rate violin plot

XF T R A, o A5 B B ) M E 5 9T T 0L 1) R i
Z AR Ah , HAy 4 B AN [R) 0 1 HE A TP 22 ) X A N
PEZE 5, O HLAF FEARRE O T T B2 e , XL 1] SR AR T
B g WRE , L r A5 OO R 2 R R R o A
IRf AT 2k [T 00 A1 S /48 52 1) RSP AT DL i, S5 R
X Ti) B2 R A 2 Pl A O /B 55 L s -, i %
TG 114 HEAG 75 005 Rl AR B , A I 20 T A
BV AR 0 1A >R FH A RO ) e AR A 7 K

A5 B XS i) MR T A 0 A HE A O SRR AT A
A 75 XA AL M RE B9 32 25 ok < 1 5, e
TFTE R IR HE AT S5 K v, B BRI 0 O, W
T 53 A1 85 AR L R AG , 5 B8O A st T B4 I, I
T 58 W00 3 s 258 LK, 0L 1o W8 T 45 A% E 6 52 B ARG AT
(v o) B DX T 000 3 0, A 2580 A4 R G T il 1) 2 % B
o EAMBEIT AU PR TR AT [ ] X RS
JE R IN T RS ATk, AT AR AR TR RS AR MR
[l 32 1R RS R

3 BRHEEMFLSHRUGE

R ST T % B OGS HO0 TR M RE Y 52 ma K1
B, S B &, R A1 T EDEM R4 19 2
BOCEE D B 5 W 1 IE 38 Ji 5 oo 41 A i 56 A4
e IEHIT I A,

3.1 EDEM fFEESEI

(1) V5 il e R AU 57

K Solidworks = 2 8 455 45 {4 %o} 35 5 2% & b 47
SRR, RO IE G G M RRAE I T AR T, R BR X
BIROT T EL 45 RS BN B A0 R AE . KA S AR
AILL STEP #% 2 5 A EDEM & 5o {5 & AMF b, X
BT EAAA R S HOCh  MORHE T Q235 BB, % FE N
7850 kg/m’ JAMA LA 0. 30, B Y544 7.9 x 10" Pa,

(2) H Al R e Ny

FIH] EDEM 54 gt <7 5 7 — - B BT A



28 o AL B ¥ i

2026 4

REFL Al R R 2 000 mm (K) x 900 mm (5E) x
100 mm (75 ) , LADC B 52 bR H ) 8 ol 4% . Ji) s
R REFF R JE S 50 ~ 110 mm'™ 38 5 i 350
HRIF ARG AT 4 B, SR H 8 AN E AR N 10 mm (Y
BRIE R F 3RO B 10 mm ZR PR HES , B 4% % 80 mm
(RS FFRE R0 bR S B B O RS L 0.4, %
JE 180 kg/m*, B YI L 1 x 10° Pa, N-Ff i1 54
BE S ROR, - HEEURBE F B4R 8 mm [ BRIE UKL, A1
BESBORE N BB 1850 kg/m’ YA L 0. 38, 57 )
Btk 1 x 10° Pa Wk AR WS, ZEE IER T A
P T R 28 A G , Bl e n T T 4% ey A AR ofE 1 4%
PSR S SR ) 4 R T — B, B AR 0 H 4G
BAEEME, 7 B AR S B 1 TR R
TR R BT RGBT 9 PR,

x1 EMSH

Tab.1 Contact parameters
B Q235 FEFF + 4
RN EE R (S REFT) 0.05 0.01 0.05
R B SRS FT) 0.37 0. 30 0.30
B R 5 R B (SRS AT ) 0.58 0.30 0.50
RN EEHE A (5 1) 0. 11 0.05 0.25
TR B (5 ) 0. 65 0. 30 0.40
iR 52 R B (5 ) 0. 60 0. 50 0.20
THTRE T +4%

PO AT S il e 0 O R Y

Fig. 9  Straw — soil — clearing straw device system model

3.2 hERKBAR

NRGEERE R BB BAACAL S, IR D A
T 5 B MR B DA TR 2K, DA RS SRR 2 B )
L DR R f=R T S B S e/ 1 S W 5y
b od G, ARSI R
TE AL A 300 ~ 500 v/ min B2 150 ~270 mm 4] #h
WY 35° ~55°, AN R ALK 2 oo

®2 KBEERED

Tab.2 Experimental factors and coding

A%
iy LR cRRIbE] TG 2 A LY
X,/(°) X,/(remin~") X;/mm
-2 35 300 150
-1 40 350 180
0 45 400 210
1 50 450 240
2 55 500 270

3.3 MEEWEMIER
PEHC 2 000 mm x 300 mm x 300 mm 4% , fii
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Fig. 10 Simulation working process
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Tab.3 Test program and results

(24)

) I W MR
S X/(°) X,/(rmin"') Xy/mm  Y,/% Y,/ W
1 40 350 180 87.50 546
2 50 350 180  87.99 680
3 40 450 180 89.70 930
4 50 450 180 89.72 1073
5 40 350 240 87.23 582
6 50 350 240 88.52 666
7 40 450 240 88.38 865
8 50 450 240 89.04 1055
9 35 400 210 88.85 582
10 55 400 210 89.31 921
11 45 300 210 86.96 340
12 45 500 200 90.00 1163
13 45 400 150 87.50 481
14 45 400 270 86.60 835
15 45 400 210 88.31 655
16 45 400 210 88.50 807
17 45 400 210 88.37 765
18 45 400 200 88.71 744
19 45 400 210 88.36 735
20 45 400 210 88.42 791
21 45 400 210 88.06 721
2 45 400 210 88.33 624
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Tab.4 Analysis of variance
febr kiR -5 Fi A i F P
LY 15. 44 9 31.66  <0.0001*
X, 0.7140 1 13.17  0.0031*
X, 8.53 1 157.31  <0.000 1**
X5 0.7832 1 14.45  0.0022*
X, X, 0.1512 1 2.79 0.1187
X, X, 0.2592 1 4.78  0.0476"
HRR XX, 0.638 4 1 11.78  0.0045*
X3 1.15 1 21.23  0.0005**
X; 0.077 0 1 1.42 0.2545
X3 2.62 1 48.29  <0.0001*
5% 0.704 5 13
KA 0.469 4 5 3.19 0. 070 4
w2 0.2352 8
eyl 16. 15 22
R 7.193E x 10° 9 10.89  0.0001*
X, 94 402. 56 1 12.59  0.0036*
X, 5.987 x 10° 1 79.85  <0.0001*
X, 26 163. 06 1 3.49  0.0498"
X, X, 1653.13 1 0.2205  0.646 4
X, X, 112 1 0.0002  0.9904
LR XX, 1378.12 1 0.1838  0.6751
X2 3959. 83 1 0.5281  0.4803
X2 3959. 83 1 0.5281  0.4803
X2 3721.03 1 0.4963  0.4936
s 97 468. 8 13
Jfl 66 668. 58 5 3.46 0.0582
R 30800.22 8

BA 8.325x10° 22

F:x FRLERBFE(0.01<P<0.05), =+ FiR2EFWEE
(P<0.01),
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Fig. 11 Influence of factors on straw clearing rate
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Fig. 12 Influence of factors on power consumption
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Optimization results
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Tab.5 Test results

12 /mm HRER/ % MEYIHE/W
190 85.2" 687"
200 86. 3" 723
210 87.6° 750°
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