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Design and Experiment of Vertical Rotating Self-propelled Fixed-angle Straw
Cleaning Machine in East China Rice and Wheat Crop Rotation Area
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(1. School of Aeronautical and Mechanical Engineering, Changzhou Institute of Technology, Changzhou 213032, China
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Abstract; The straw cleaning device plays a crucial role in advancing the adoption of mechanized
conservation tillage technology. It is primarily categorized into horizontal and vertical rotary straw cleaning
mechanisms. In the horizontal rotary configuration, the cutter shaft operates parallel to the seeding belt’s
surface, leading to the co-disposal of soil during the cleaning process, which can result in the generation
of fugitive dust or the accumulation on the equipment. On the other hand, the vertical rotary straw
cleaning utilizes a cutter shaft perpendicular to the seeding belt, making it more suitable for damp clay
conditions due to the absence of longitudinal velocity components during the cleaning process. However,
this design tends to carry straw back onto the seeding belt, thereby reducing the cleaning efficiency. To
address these practical challenges, a fixed-angle straw cleaning approach for vertical rotary mechanisms
and an electric-powered, self-propelled device for sowing wheat with rice straw was proposed. This
system was designed to maintain a constant cleaning-teeth angle through structural analysis and design,
thereby preventing straw from being reintroduced to the seedbed. Additionally, the determination of key
structural parameters was based on the analysis of the soil cutting distance by the cleaning teeth. The key
structure parameters of the cleaning-tooth device were determined through the analysis of the soil cutting

distance. The analysis applied a three-factors and three-levels orthogonal test method. The experimental
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factors included the operation speed, the coefficient of trajectory distance, and the cut depth, while the

experimental evaluation indexes were the straw cleaning rate and power consumption per unit area. This

process tested and optimized the relevant parameters that affected the working performance of the straw

cleaning device. When the parameters consisted of operation speed ranging from 4 km/h to 8 km/h, the

coefficient of trajectory distance of 2, and the cut depth of 10 mm, the straw cleaning rate was not less

than 89. 7% and the power consumption per unit area was not more than 1. 84 W-h/m”. Notably, there

was no soil adhesion throughout the entire experiment. These research findings had the potential to

transcend the limitations of sowing equipment operation in moist clay environments, thereby providing

vital technical support for the mechanization development of rice-wheat rotation.

Key words: rice and wheat crop rotation area; rice straw; straw cleaning machine; vertical rotary ; fixed-

angle straw cleaning; electric self-propelled
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Fig.1 Structure of fixed-angle straw cleaning machine

with vertical rotary
DAL 2 REERE 3 RRMEE 4 AERE S WA
E S
Ry Y E G T R DA E e o B A A A k]
LB — M TR TE E AR BT RS LA VR T
AR 2 TR Dy 1) — B, PRUE RS FE G O ) AN B
il Bl 8 0 AL 2 A2 A8 Ak, HC 5 g R T AR Dt 3 4 (8T 2
JrR SR E AL B | T Al R O R o B 2
A [ 5E M b, RE A RV R PR 22 S A Al 1A gl R Ab
Rl b, e 5K gl H LAY B0 T S8 [ Bl e i , b A
T A HLAL 3 B b B A A O A R AR R R Y A
LR AN R R R R N NG Rl [T RS (o
b VRS A RE R O R MU ELWG v ) 14 B
BEAEME ER b, 5SRO FRA XS # L B RS TS
1 RE U U B T O e, Ak T R R N A R Y 0k A
TE T R e 35000 8 T U5 4% A e e & , B ¢ oy 2 A
A G 4R T R Y 2 T )

(a) WEHE B

(b) % FBEETEPLI
B2 RS B 5 A0 B R DA 2
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vertical rotary straw cleaning devices

SRS R0 04 FE o, BEA7 40 BF O 14 1 7
5y B A oo, B IE 2 T R R G B 5 X
FAFF 1090 £ B A0 WYy 15100 0, cosae RV 2 [
F) o, sinac, 57 JE 3% 3RS 5 B PR R B 90 11 S B T 45
U y 00 0, cosa FITE « 19 v, sina, 7 B
TR AR I AT 95 B 7 5 R DB — o
A VRBE | PR 48 - B RS R ALZE— R0 T L)
T th 6 T 7 M 2R R R A L L 3
o T4t , DRt 7 2k T R T A 28 1 L
PR 62 5 UL e e B
1.3 Ef R RIE R b

455 S e 2 TR AN T 8k 4 5 6 S X
WAL 24 R B A b SR ML AR B ¢ 5L T I
VA Al 0 R o I S 430 0P 4 5%
SRS 186 2L P I O BT o, R

MR Av,

TEANTE] J) 0 3 BE 22 952 ) 1, 5 FF iz B 2 B
s 115 I 1) AT R Bh Fn g8 ) ik e R i A AL Tt
%W

v, = —wv,cosf
v, = —v,sinf (1)
2Av
“=Te
X o, FEAFS ooy A3, mm/s

W L e £y, rad
4% z il #
”:éﬂkx , mm
Etﬁ#?ﬁﬁ%?ﬁﬂﬁ@%iﬂ?%%%

JE ,rad/s

AR TR R

B X I — B2 () A3 T 5 AR S RS AL, kst T
T AR AL 3 0 2 |, 55 AT 388 ik Ay
v, = —v,cosf
v, = —v,sinf (2)
w, =0



0 (AN L 2024 4
P! Cang (R, +2R, +Ry)
v 30 000
(3)
_TrnR<R[ +R]I) _WnHRH
v 30 000 ~ 30000
A vV, V,—k% I I %A O AR,
m/s
. R, R, Ry—% 1 I 104 ¥ R4,
’\I mm
Mg TE RS A5 3, v/ min
Ny %5 1 B, 1/ min

(c) WL R R4 BT
[ 4 35 F I AR A R I R AT B A3 A

Fig.4 Analysis of straw cleaning process and

instantaneous straw speed

S R A FFAS S 15 70 145 D10 1] B9~ 45 8 8l DY e A 3
Fobt PR FF AT A 20 S G AT A [l s 3 R

2 FBERINEHSHST

2.1 EREFBENMAERET

Xt i R AL E TS RS HLA HE AT 20 A, LTS G e
B0 b D A IR, 18 e AL D B B2 O X
fih, 5z H o8 Y B, £ 7 F WA A AR AR AR
BS fros, Horp, i e 1 o b el ok e, [ T [0l e vh
O, e oy B 5, o0l S ke T IAE G5, 9
il 73 A 2H T T4 e T b, R A RE B AT B Y e e
KA

o

B5 E fA VG RS BILAL AR A 1T
Fig.5 Modeling analysis of fixed angle mechanism
MRV TAER  Rfe T VI VA 5 0B
D ip 2 dtgl hdg 11 LM 280 0 0 % 1y [\ B 43
MG A | B.D HEE I B D P S
Bl

L (g NG |55 s B W [N 1| 35 o R O
S I A5 314 e I L I A G 5 s Ak 3 B2 R

Vo - _TrnHRH V. -0
1A B 30000 1A (4)
mny Ry mny Ry

| /- - = =2V
e ” 30000 # 30000 ¥

K Vi V— w8 T I EE S A L
BE,m/s
Vype—— W MAEWE & 5 C b, m/s
e I A e 5% 3, v/min
Az (3)  (4) Al gt de I A e e 3
=3000O(V,, -2V,) _ (Ry =R, )n, (5)
TRy Ry

AUEM, YRy =R, W, R I AFEEZ SO,
WG IS b 0 1A A B AN B Il 9 35 428 ) e e T AR R A
RIS B 5E A R A AR o
2.2 BERENENSY

T A DA 21 VP O J T 2P AR B R W B R R
Y B A ST B A S7 e g A BIL 32 N T R A
R0 AR S B AR 7 e e, N A AR AT BE
15 em, Y — A 3 17 I, ZOR e KRS 98 ¥ L.,
KT 30 em , FEL5H b, B &S AT, T8 i 70 14 41 bl
SAF R R, mi s T O M4 ERERE R,
Ry Ry 3tRkE, KHEAXN R, =R, +2R; + Ry,
R BEAE R, R 180 mm , 2% I B4V J5L ) R
R, R, ¥i%iT#H 45 mm,

Tk ) 15 A as Bl B kAR T ) B DR IE
TE A 10 8 S HE A, 43 0] X AR 48 00 U 28 1 St 2 4
B O R FR DU A SR L AL R AT A3 b, LG
FAE 6 Frow , i T8 R i E 4 ) A K 1|
D11 A 7R v v AR TR o B o 9 T RS ALAE
[/37:9:- 38

Hi &l 6a {7 B 45 8] T G K B B 51 4
DRAERIER A

.o
a<2R{,Dsme (6)

oy

i



=
(a) FH4R T4 215 IR BE 2 (b) AXE I 5 20 A BE
F6  J1 VG2 00 R @R AT
Fig.6 Modeling analysis of positional

relationship between teeth groups

o N, —— I B, BUOE O
1l 6b o7 B 45 2 71 U 18] 1 5 4 40 01 6 B o
ES)
a=b(N,-1)
{ (7)

2R, =a+b

Krp N, T 20 70 B, WIE B
b——7J R [ FE , mm
W (T RARK(6) 1330 7115 HE S B4 T ¥
1 —NL2<sinN1I (8)

1A At 0 V5 S 0 Vi TR) B0 3 G R T (38 3
A RE A 2 S e, b ) U5 A RO S BCR R T AL
HAZ IV, I BN, R 2 B, 2 (8) fE AT
LI HE N, 4w, i (8) 15 3] 43 20 JT 1 %K
N, <3.4;47] W HE N, 6 i, il =0 (8) 14 2 4
HITRELN, <2, ANFFE A 77 L bR, I 3 2 T 4
A4 H B TT N B A 3, i ) A TR R
120 mm
2.3 AV EEEREE ST

WAL TAERS, 58 T 4% thoo Wik B i 3,
A5 Sh 1 R 0 2 X B R 2% T A RS AT AT O
16 7114 183z 3l U0 300 X 3 A T L R R B L
KAV TFESE A 3 520, I X 3 5 0 14 1Y iz
SR AT RSB, LA AR L T Sy o T, AILZH
VEMV 7 10 2Ry « Bl 5 2 3 R y il E 7V T A A
PRA WA T TR

LN -
LR ~8 g ﬁr
i ®). /»© \ %
® . 4 P
He Al !
( @ All | \ 1! Az‘ p
\, © T A ==
O o !
Koe “““ —=y -

P73 A ) U O U B A S
Fig.7 Modeling analysis of cutting trajectory at

center point of straw cleaning tooth

R AR S e SRS ) W R

ST A ARARAE A AR X ST E BB K 3 = A B R AL 5 IR 131
N vt R, cos TRt
=36 1000 30
(9)
Ry . mngt

Y1 =1000"" 30

itqj (xu[a ym) Yﬁtfﬁﬂﬁiﬁquﬁ‘ﬁﬁéf/ﬁ,m
t——IF[E] s
Moy y =0 BF 45 B Fh R D) SR A By
( _1)}6R D
xm0=kﬂAr+4—T6&yif (10)
Hrp A= (11)
ng
K xyg,—F IR UJHI SRS A5, m

k——1m1 % U H| F 88, U AL
A— TR HIE R A I
TER R, m
1T &R, r/min
PEICRR R A 2 AP HI AL A A A SRR E
KT Jros , BAARIE Rl 0 A — A [l 5 Jo] 100 ) o R 2 A7
2 ROTH, AN TR JE I B PIHI B BE T =2 0007w, — 4>
FES oy v B VD) EE T, T, 4y ) 2R, — 0.5T,
1.5T2R,,, o] LLFE W, VIR IR T, (T, 2 h g
TR J AR R, AT ER SER %M
ML A FATER AR r SR P oy 2.2 4y
I 2 R, 20 180 mm , 1756 §& % 3 15 2 12 2L W] e i
VB 3 B BRI sk D) 1) 30 BB S 32 A b 3 B R 3 G e
BRI
E— I H e T . T, 5, 24
J3 1 A R U ) B 030 7 e S Al S, A T BRI AE
b iR B 5 D FE AR UE D) I EE 34 5] — 2, B

3
ST-2R,, =¢ (ZR(,D -

r

nr

%T) (12)

A € 0 BE R A, HUIE B 4K
P (12) A7 3 G 45 2005 F % 8L o 505 #
BLAE b 3 BE ) C &R
_g+3 s 2 150000
"RTEr12R,, ( £+1 )3.6R0D
X (13) A7 AT A A AL ], A5 2R [F] 3 BE R8T
T i e S o S A M B A DG O R AN AL 8 B

3 hESH

3.1 ET ADAMS Wi ERBZIE5SHIRE

N T RFEA[F 2 80 A5 % 0] ) 3 B R R
Wi, 7 8l 91 27 53 B gk fF ADAMS 2018 X JJ i 48 %2
11 BE W T RS HUM AT O B30T i BE A
AR A ol 3 52 45 95 G P 8 3 3 Xk 0 1A D) 5 A

(13)



132 VS A VI = 4 2024 4
3.2 NEEDRBSY L ibE

= g I B LR 7125 5 10 70 460 M40 A

& =0 SEHT . HI 4 1 AT SR AR B 130 o/ min B 510

S| 12450 0. 46 5, T 78 ) 52 5 10 01 I B 1) {52

£ 150 SESREIE 1 T ELI  1 s, 07 S KK 500, 1E

£ 1 5 I H A SRR IC A 7 LR 43 02 1 1 B

f'ﬁﬂk.ﬁﬁ%‘p/(km.hﬁf'g 72 76 g0
P8 G T i S ol R R A O O R
Fig. 8 Correlation between rotation speed of

straw cleaning turntable and operating speed

R, DR A R AR b R R R A A
R R TRTEA A 2 B & % A D0 U Bk
R0 i i = 4E BRI Solidworks 2018 X ¥ 4%
PURFEAT & 2R f7 AL, 05 ELBE T G A ADAMS Ji5 %3
0 R E R IC AT AF A ARAE W 9 FR

9 ADAMS {jj B AR
Fig.9 Model of ADAMS simulation
Lopilede 2. WR 3. MW AR 4 RIS
SRS 6. FR TN RN LR

ARG X Rk (9) AT, 3 A% 70 % % 4 35
(19U 030 Tl A L T R R O S ke
G HR AR M R B 0 A LA B B R AL, AR B
b of S 22 56 A AR A X AT BT RS, IR Ik el N
R AL E R HLE L RN 4~
8 km/h'"? 7 R S g R B o A B
ZH gt (13) 3 Aa . hIE 8 W LA b
LR R & ORI, 305 A O 2T T O N T W
WS L 4 2 1 D Vi 2E BN 4 4 DV B b ) JE
SEA R TAEVE BUE LI R BN 1 ~4 11815 3
IR IR 2T B 3 R T 5 0 R N 1R

F1 TREEENNMABFHEERREE

Tab.1 Rotary speed of straw cleaning turntable

corresponding to different speeds r/min
el 32 2/ £
(km+h=") 1 2 3 4
4 185 154 139 130
6 278 231 208 194
8 370 309 278 259

Hodr Ve B 6 km/h 35 R % £ 5% 5 278 +/min &
AT HOITHIB0LE M E 10a Fis .

[HE:makey

-

ARIFIZH AR Tt

A d

e
(b) Fil i ZECT A
JIT I i

B 1%

(a) E=1RREHRRITA
UIH| 4k

B 10 AR Sy 6 km/h i 1 ) I 90030 47 B 45

Fig. 10 Simulation results of cutting trajectory at

speed 6 km/h

XEARTE 2 A B AR T A DI R T, (T,
HEATI G, Y B BB £ = 1B, T, H 179.6 mm T,
A 180.9 mm; M iE RE £ =2 B, T, 142. 8 mm
T, %5 290.8 mm; M B R A £ =3 BT, K
118.9 mm T,/ 362. 7 mm; i if R H £ =4 W, T,
N 102.2 mm T, }y 414. 5 mm, 15 B45 50 B R AR 71
WUTHEEE T (T, 7R 22 Al i 1. 8% W75 [l N 747
AR (12), 5ES B E AR B, S E TR s Bt
0 BRE AT AT
3.3 AESHASTHYILERETLE

XF AN ) 2 B0 5 T 09 U0 I B3 kA7 B2 0, 0
Ve J7 1) b i) e KV -3 B T, , W0 5 57 8 A4S
JraltnpE 10b AIE 11 frzs, B 10b 1~ XA J)
R R b v bR iC R, T, 0 B R YD 3 B, mm
A LUF Y, 24 300 B A BOR E I, de R U Rl B L AN
BEAE b o R K 2R e A, 855 5K (13) AT LU M, 05 7
Il B B R R R 5 T LU B R DG TR Ut U0 D 80 30
ACHR PR T3 o 2R 8, A b s I, e kU
MEEE T, 0 AR RO RN S BRI, R R €
3 R KR, XN € 8 3 AR TV
XTI gk E S, T VI X IHI a4, I VL XI
DIt o, IV OV XITOT ) Bk & &, A3 T



%84

TR A ARIRAR A AR XS e A E LIRS SUE A R AL 5 8 133

At 20 0 B K AR R € 0 3 IR D) I BT A X
%ﬁo

W4 km/h

m;

e RYIHBEET | /mm

1 2 3
ILHE 2 AL
BT ek 50 BE 0 B 45 R

Simulation results of maximum cutting distance

Fig. 11

3.4 EREDEELEE S

SRS 0 R L R B9 4 1), 7E i 1A L
24 2 B [ WO BLE A R A0 F 4 b 1) 3 ) e s
YINIRL ) F, 22 Sy RS B n e 12a B %

¥

(a) WHE IV Z Sy

H. ‘Fﬁflﬂ;zxw BURE L%
6.1x107 ‘;20

.4.6><10" 60

3.0x107 I40

7 L
I 1.5x10 2
243
> it IR - 1.7x10° Pa 0

F=120N F=20N

(b) i) fly B4 R () I AR
K12 ERE I Z 1 505 B

Fig. 12 Force and simulation analysis of teeth

Y Bk T B ML 75 i, PR IEE R AR L A AR
E 47, 18 1T Solidworks Simulation 3 X5 T 15 1 J57
SRR HEAT 45 B AT R A S R AT AR
I FH ) F SR BB TEAROC , B 1a UTHIBE ) F 5 %%
HOEARIC, g 1 38 53 B 0k J) A 98 57 e Pk L e A2 )
RSB G AT, 455 KR 1 B AR
B 8 km/h K 370 o/ min (B0 7] B e
JE 7.0 m/s)  MRAE SCHR [ 23 1A SC 8Os , 3 R DL7E 5%
B 450 v/min (455 )5 Ry 11. 8 m/s) Ak
JE 7.2 km/h if, TS 2 UTHI B 75 2 62.0 N, AR 4
i B e AR o i AR B DT m BT F
10,4 N KEmIPIHIBH S F 24 61,1 N, % & F] A [A]
(LTI 52 3 22 S R R ADLRE ) e A T 1)
P F, =20 N & UIHIBE ) F, =120 N( %4 58
2) 05 B RS T bR AN, T IR B

K257 SN 4 i Solidworks #4 L5 4i8 2 98 H , 9 57
WHE N 3 x 10° (L) 370 v/min & Z2/E ) 14 h ff
B AR LS R WE 12b 12¢ TR, RS 16 1R
AP B 5 KR F3 R 7.6 x 107 Pa, /N b1 Rk AR 58 B
1.7 x 10° Pa, % 57 {5 B R 7% JT 14 45 &b 57 g J8 39
59 57 R BRI A 43 e R T 100% | GiE B
TIERE T AR AT FE T

4 K@EML

4.1 RBEH5EE

KT 2023 4F 12 A 13 BELEB T E ARG
RS0 HEAT a0 ok K RE R T A DA b S Y A
gk 1.77 kg/m* -3 B 75 75 BE 28 ¢em,0 ~5 em
X SRR 11,4 kg/em®,0 ~ 5 em P-4 44 5K
%20.8% . IXIGAHLE 5B A 13 iR,

(a) REFFSE
B 13 M ) 35 5k e pLH

Field environment and experimental equipment
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Hik [ 10,23 T4 5 JE FE A 10 ~ 50 mm , 328 56 i 38 3ot 25
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Tab.2 Factors and levels

%
¥ ™ 1 N " ——
PRk / (kmeh ") BHERH ALBE/mm

1 4 1 10

2 6 2 30

3 8 4 50

®3 RRERSHRESHN
Tab.3 Test results and range analysis

% I T AR
RIS Y,/

B0 s ¢ amwm vow ’

(Wehem™?)

1 1 1 1 1 90. 4 1.95
2 1 2 2 2 92.9 2.11
3 1 3 3 3 86. 1 2.27
4 2 1 2 3 92.7 2.62
5 2 2 3 1 90. 1 2.80
6 2 3 1 2 84.5 1.51
7 3 1 3 2 89.1 3.62
8 3 2 1 3 89.6 1. 84
9 3 3 2 1 86.9 1.95

k, 89.8 90.7 88.2
E, 89.1 90.9 90.8
ks 88.5 85.8 88.4

Y,
R L3 51 26
(SEEERN B.C, A
etk & A,B,C,
ky 211 2,73 1.77
ky, 231 2.25 2.23
ks 2.47 1.91 2.90
YZ
R 0.36 0.82 1.13
& FE ) C.B.A
ALl & A, B;C,

2% GB/T 20865—2017 (4 (/) #F it JIE % Fif
BL) 5 3CHR[26 - 27 1, 7234 F5 Ja 9 15l 18 58 A, BE AL
BEH 1 m® (XI, XF B AR A AT WO B RS 5 TR
M1 m® RS FF T m AF ORI RS 2 Y, U e
3 YO SR B AR i 20 i) 3 BB
T SR FE LR P A, SIS 5 1 ol T AU LB A
MLIIAE Y, B I AR 3 PG (E . TR

3
m.
Y, = ‘
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3
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27 44 0.01s,L

X m——IERENE 1 o’ AR FF A ke
W, — S S AR B Z AL, W-h
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Tab.4 Variance analysis
&t P/ H BB s F P
V- J5 A
A 2.42 2 1.21 4.01 0.199 6
49. 36 2 24. 68 81.97 0.0121
Y, C 12.94 2 6.47 21.49 0.0445
i 2 0. 60 2 0.30
Jegill 65.32 8
A 0.20 2 0. 098 3.18 0.2393
1.02 2 0.51 16.59 0.0569
Y, C 1.94 2 0.97 31.55 0.0307
iR 2 0. 061 2 0. 031
S A 3.21 8

XEF R Y, IR AR BORTA A TR B X R i
2.3 (0.01 <P <0.05) , 4l 3 B b 52 i AN . 2%
(P >0. 1), 302 A O 9 Al 25 T2 28 o 3 % 0 045 68 D1 1)
B P e , e O FLEE SR n] R, T EI a8 Ok T 50 B R
S8, 25300 B 2R SO N AR ol o TR 9 R e e
L =2 A PR 2 0L B DA AR 3k B AN T R i U
LIRS (BN S DORCR LRSI S A IISUY IR i
MORTE RS A TRTE

XFF AL AR Y, A TR X R e B
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(0.01 < P <0.05), i BF & Hoxh H 52 m 48 W 2%
(0.05 <P <0. 1), #Fk 3 B2 X H 52 m AN g 2 (P >
0. 1) KRRy, B Ar i AR b D #E 55 T 267 B i)
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Fig. 14  Single factor influence of indexs
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Fig. 15 Process and effect of straw cleaning
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Tab.5 Validation test results

% BRI
P B B/ — A LR B/ Y, /% Y,/
(km-h~1) mm (Wehem~2)
4 91.4+£3.5 1.49 +0.18
6 2 10 91.3+2.6 1.77 £0.25
8 89.7+3.6 1.84 +0.21

(1) $2 H Sz e 50 o B W A 7 IR B3 TS
B AR J5UEE b i A T 1 252 b e 3 A 5 B A
i 7 A SRR SRS AT T B A A AR IE
T T TR 4[] I R R AR ARk A, O i 22 e A 42 7
BB AL P B AR 245

(2) MR A R 0 PR 3R ol R 0/ U R 3 B R
BN B TRIE ARl B 5 52 0 B D AR Y TR i R
B/MRUC A T TR IE 8 B R K ARl RE

(3) Pz it i 57 e X5 A 2T RS AL, 7 1 AR
JE 114 kg/em® 88 K 3 20. 8% 14§ 26 i )i
28 em SFHIREFFEE 1. 77 kg/m® (KRR IEAEML |, 24 240
HE AN HE 4 ~8 k/h G R H 2 A LR E
10 mm B35 # R AR /N T 89.7% (AL FEAR K T
1.84 Weh/m” , AR Ey 1) BEHY AR R A IR LS
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