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Design and Experiment of Rice Straw Chopping Device for
Agitation Sliding Cutting and Tearing
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Abstract; In the rice planting area of Northeast China, the large amount of rice straw with low moisture
content is tough to chop during harvest, and straw decomposed slowly under low accumulated
temperature. However, the existing machines and tools still cannot better achieve straw return to the
field. The suitable chopping state of straw returned to the field was proposed, which was 5 ~ 10 c¢m
tearing state. Combined with the shape of the chopped straw and the use of the existing machines and
tools, a straw chopping device with two stages of agitation, sliding cutting and tearing was designed and
assembled with the combine harvester. The key parameters of crushing process were designed by
theoretical analysis. The single factor test showed that when the moisture content of straw was decreased
from 69. 77% to 29.34% , the chopping qualified rate and broken rate of straw were decreased by 6. 44
pencentage points and 9. 55 pencentage points respectively due to the change of dry matter content and
bending strength, and the spread width was increased first and then decreased. With the increase of
harvest speed, the chopping qualified rate and broken rate of straw was decreased significantly, and the
width of straw was reduced by 0. 22 m. With the increase of shaft speed from 2 100 r/min to 2 850 r/min,
the chopping qualified rate and broken rate of straw were significantly increased, and the width of straw
was also greatly increased. The interval of the two-stage fixed knife was enlarged, the chopping qualified
rate and broken rate of straw were increased slightly, and the change range of the scattering width was
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less than 0. 11 m. Orthogonal test showed that the effect law on chopping qualified rate and broken rate of

straw caused by harvesting speed and the rotational speed was almost consistent. The chopping qualified

rate and broken rate of straw caused by harvest speed and cutter shaft speed were more significant( P <

0.05). The spread width caused by cutter shaft speed and the interval of the two-stage fixed were more

significant (P <0. 05). The design of the device was of great significance and application value to the key

technical problems of straw returning in the rice planting area of Northeast China.

Key words: combine harvester; rice straw; chopping device; agitation slide cutting; tear; northeast rice

area
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Fig.2 Structure diagram of improved straw crushing device
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Fig.4 Schematic of rice straw agitation sliding
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cutting and tearing process
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IEFERF IR ZE ) F AR 2 70 A 4l U5 X G A i 1k
J1 F, 7 BT J00E AR VT 3h D 15 ) 2
HafEH Lk Y X MMEZ S0 8T,

TERE T 2200 B, R AT IR (BB DI , 76 3 3 e v
RIS A S AR T | R 2 0 AR B ] P A4 il ke
IR, B REFTE I Be— EL R B 1 3 11k
TIVGEE , AT S AR B BEAE X Sty ml 4552 77
A, AR R AT Y 52 ) P R E
TIHEVT BE A SR A 28 M AR T8 I A IR A1, A 4l
K 12a 7115

P
(b) FEFF AR 2

(@) THFF R 7R )
K12 i B A2 T R3S
Fig. 12 Stress state of straw in tearing stage
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N, = F cosa, + F cosp —mgsiny (10)

[ o——MZE s F5 X R s, (°)
y— R BT mg 5 X iRy siy, (°)

ISR E T, o HEME, FAFE S X fh
e s y WA E M, IR YE (10) W0, 1% )
N, SEO F, R F, et ¢ MG, e
P o BRI B0 ) F, RIZET) FEOK, T RS
FERTZ IR N Wik, sy ¢ S8R E 11
A B, S RUE T« S kA
G112 NI s Y 2 NS i e o
T ANEIER, ZIEOCER[7 ] A, A 2570 D)
R 558 TR R A EE 8 AR I, I 11 2 A %o il
A BEFUIEINE R o ORI KRS RS A5 B A 0 B2 4%
ik 35.37°, 2 LA SCH AR Ul A
450,

TERS AP W7 2L e op RS FF A 32 T D 5 6 A
FRRROR . i 12b A

N; = F,cosa, + F cosg — mgsiny (11)
K o—Wik )y F 5 X g Je s, (°)

MRAE (1) /TR, BIED NS EG ) F, ik
JIF, Jefit o MG, SRR TTR A « BRI B
O3 F, ks FBOR  WTIRS AT BT 32 VIR ) Ny
TR s W SR TR VG B AR o DRGE AL Ty F D7 1], B
@ BRI, 2L E TIAR AR A o BRI, e ff @
Wi A, VI T3 NoREAZ /N | DR 40 28 5 7 9l 1 A2
1 o EIBUN AN BI85 i 3 A6 1A AR 3 o 82 0 40y
PUCRTE S IROCHR[ 6 ], 2 U 2R E TT 9 14 12 A
ogﬂil 60°,

3.3 ARENREME

WO 715 8 20E JT R 7S [ HES AL AR K
FEPE F S K RS AT AR REASCR A o, FHAT 28
55 1 GRS AT R A T e Bk sl , R s AR,
RPIGE T2 B AR X BT, RS AT 2 i N AE 2
JIIEIHERR , 3 il Al 28 SN RACR . (H A
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T 2 KRR AT U] SR R R R e B o S 35

EROE W e T B Ry LR AT ) AR I P
PR BORE AT L s AT R, Bkl o, 2e il s 4
FEAF AR . HA PG T 25 [ 5 B hE
SEPARACAE DX AT B A ROB B A, a4 f
TR, B O SN R 1A G B A RG]
LA E O, B RN ROE T AL E PG,
HCFoR I RARAT 5 i, FEBRAE kR T2
SE T, IR B U R ROCR T A 1, AR
F2A5sh 115 B0, > 2D, [, O TR
RIS RS AR A Rl i, IF 5 I8 B2 2 R 2R
S T] iR RIS L AOB LA 60°, K, 2%
RE T HLRBIG A 10 cm <1, <17 em, XF W [ AREIE
B T J5 % N B T BE 1, M 12,5 em < gy <
20.5 em,

3.4 MEFREREITE

Wit A58 T 0 P P T I R A T 32 S
>Hijt AR T = FEFE R e A% 0 E R %5
R 2 P EOR B IR R RSN AR R AR 4
PEAS 22 S5 ), PRI A B R R 2 )
e,

P13 S 3 703 B B B o,
WCRALMOR B BE , m/s 5 50 O Ry e B Tl 5 b
WL EAE— 5 P(x,y) B4R T] b 2542 Bl
LR Yy i BN

x =0, + Reos(wt)
{y =Rsin(wt)
Kb —— ] Iz s A s

(12)

ISR

YA

o
=/

K13 ksl J1is shi s = R

Fig. 13 Schematic of chopping knife movement track

XFE(12) 3K G TR ] ] 2 g 5 1) 3 B
v, = % =v, — Rwsin(wt)
(13)

v, = % = Rwcos(wt)

KBl J0 B STE Ly Sl ) 1 R
e ,m/s

WU 3 848 50 ] S i 8 40 ) S DAy

v, —2v, Rwsin(wt) +Rw>  (14)
H R Bl ] i f 2 % R, m/s

K v, 0,

7, 2
v= /v, +U, =

K v

2w =M L (0 € N) BT AR Iy 1) 5%

BRI AR R, %5 v A e /IME 0,
PRI AT SR s 0 B o e /M
30(v, +v,)
— (15)
ARSCHT R A 220 mm, B9 5% B AE M D i a5
LR AR 30 ~43 m/s B, BE IR BRI B AT R
SR A T BRUETE AR UG DX G 0 B i 5, 1 B
v, K43 /st %KTVEJILJEEP{WEQ/J%L/J\ €100
RIS WORHLAE L R — 5 0.95 ~ 1.38 m/s, A 3
v, L1 m/s, ff ERSEURAKX(15) W 15k
171 Tl Y B /IME R 1916 v/ min, BEXTARALAS
XK RERE AT R B0 T A Re i, A G ol R AR, A FF
FEMEA N W26 B0 5y AR 30 9E ) IF 2% IR B A R
DR 28 XA RS SR AR SR ) ) Bl e 3k — it B i /N
1.1 ~ 1.5 4520 BT LA T Bl 8 n, UG B
2108 ~2 874 r/min,

4 HMHELLE

=Rw -v,,

n, =

4.1 REEH
RIS TE B VT4 8 =0T | B AR IR kT

W 14 g R R A 2020 4£9 H 22 H—10 H
5 H 5 H R R S A R X T R A =0T 6
5 WOR B RS FF B 26 8 BEFE I AE 15 ~20 em, P39
ERE N 18.2 em, FEFF BN 8.8 v/hm® ( F /K F
33.8% ), FEAULRIRAA L8R C100 R G
WAL Rt e | F T FE BUREAE S

( Mk
IE 14 AR SR

Fig. 14 Field test and operation effect
4.2 RIWIEFRRFE
A5 R RS A 0 4K B 1 RS AR iR
JEGARA y, FEFFRAEAR v, FEAFIOHEOR 98 4 150
VPN dE R, FEFER IR G A% AR GB/T 24675. 6—
2009 PRI PEFEVE DL F5 FF R 38 HIAIL) 2ok
TRRAS ) A FF B 1 563 g BB 0 7 2 e e
FF 0 5T 5 BB Y BB SR A 23 BFR IBORE i
rn OB R BEAS B 4% AT 1 SR o 1) 6 FF o i
T AF LR 58 38 i AE SR AT R P, SE BRI S /l\‘ZEIJ
S TE BRI AR AR T A T 0 O X A% D A
SR B, BUA K TF ke B i 4 Juja
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3.30 ~3. 80 m, I FF AR 58 4F R A T8 A
2 LRy B 0 X o R R R E T S G R
T 15 e A 5 R ALK BR FE (4. 50 m) (44
IR, BURE T 15 2R R WOR ML — 1T R K
P IT I FREHLEEE 1 AN 1R 2 MR
2 NS A RS T S ATOGR ML ED 5 07 1) MR
B 590 em x50 em HUREAE | e £ HOREAE Py (1Y) i
BREFF, AT G WAL B, R AT RS IR B A R
yo EATRE R y, TR A 0 51

10 M_M

yi= Y, % 100% (16)
i=1 Mai
10 M_M

Y= Y, o x100% (17)

i=1

KL M, —— B RS B, g
M, —HE S KR T 10 em F/NF 5 em
FEFFI &L g
M, —BURE SR R AR MRS AT () T g

BT

T AT POARUIE T8 2 AEWSORATRE DY, SRR S S
S TR 5 X AR YA T
4.3 KBWEE

AT 1 U004 R 35 SR 22 22 T T A PRL 2R 52 ),
FEFT R 8206 B A ML S BRI S5 40 S8 RS AF I 4 3
FRPEAE, W BRRRE b R FE S K R B U A il
FIFREEAT R Y R, O T R IR T )
S S0 R G AR AU X IR I YA TR RS A 27K
RFEFE R R, 7R KRR 09 N B 4 d 7E iR
56 FH PN T e B PR 250056

FEFPRER A ORHLEAR R A B Tk
TS B E ST, 5 0 stk A e 2 B Al 3R
PIVE L SN 25 4 2 55 2 B WORMLIBGR 3 Ry
PR Y ) Bl T PO T ELER IR R AR R ik
P A A P AR S AR P o S B, A R ) Al A ek
O A R e S R R T3 o e A Ao
JEARAN [ B S B 2 e ] 2R IRk AR . FE T
WIS B b 3R T 4 S B0 R RS XK R
FEFF R PR () s M A
4.4 BEZRRARK
4.4.1 FEFFEKR

TR IR B 5K 2 350 v/min, P E T H 4
[EFFA 13 em, BOREBE N 1 $9mE, 20 1,12 m/s,
TEWGRIH N AN ERS T (9 H22 H 9 H26 H .9 H 30
H.10 A4 H) FF RS, W FF 5 K250k
69. 77% 58.42% 43.69% 29.34% IXISLEF I 2,

FH 2R 2 i T, Bl SO B [ HE RS RS AT 3K
B WEAL, BAFAK RS FE S K E R 69.77%

i

®2 BFKENIHELRZM

Tab.2 Effect of moisture content on chopping effect

FEFFE K REFPRERKE  REFRBOE AR
/% GHER y, /% oy, /% d/m
69.77 91.67 94. 94 4.11
58.42 90. 09 93.57 4.32
43.69 88. 87 92.49 4.36
29.34 85.23 85.39 4.17

IR E 29.34% ,12 d FEFF &K T 29 40
ANEE,9 A 30 H—10 A 4 HAEV B & KR
ReAVR , 2 DR A A 3 ) A e, AR ISR A 7K e g
LTEMINN B < o o) e (A R S R S N
TBE 6. 44 A E A 8 FEFFREIE R T % 9. 55 N E 4
o FEAFSK SR, Y S AR, R FS
FEECHE W™ R AT i o B KT, S # D) EI RS A1k
TSR RS FE A B4 B2 A5 A5 SR R A R 2 3
1o B KR B AR, A B 2 “ FR T 2 05 B KRS
FEFE, FIpER ne)a lae fEAR 22 | S 300 E A 24
IR AS 25 (HFS FT B W4 B 5 A% SRR B AT
ik 85.23% 85.39% ., A I HUR 58 5 W ERALEI
BIERE 4.5 m FEAVUEL, £ 7K 5 w0 i FF AR 92
BN, BRI RS RCE, e S 5 % A B
M) 5 T 7 12 7K AR R AT B 5 A2 25 KB s i, PRIk
R A AT FRAIK
4.4.2  WORPLCHR R

KRR A b PP RIS 20 R S WOARBLISCAR
JEE TR AE 5 R R IR i, A o S R R AR
PSR B VI AR OG5 T, B R R ke A
2350 r/min, PRE T) HZL BB M 13 em, U5 7E R
T RO s T R (R AT 5 KRN 29.34% ), Wk
IF SOER BLIE S DD 4 £ 07 (1 AR 1 P 2 £
I 2 $4 3l ) Sfe s il 00 1R | 28 i HA I S | 1K
TR AW 451 0. 95 1. 121,21 1. 38 m/s,
WA RN 3 P,

R3YOIRE B X R RUR B R0
Tab.3 Effect of harvest speed on chopping effect

WOk EE,  FEFPMEERE REFPEE A

(m-s™") Gy, /% oy, /% d/m
0.95 89. 06 91.23 4.28
1.12 85.23 85.39 4.17
1.21 84.27 83. 16 4.12
1.38 82.19 80. 68 4. 06

1% 3 AL SORALSCIR B N 0. 95 m/s HE
B 1. 38 m/s I, FAT IR BE A MR B I T6. 87 4
T3 FE R R [ 10,55 A 3 a5, Wodis
JEAE /NS R IR ) 148 25 B 1) /N, A AR
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T 2 KRR AT U] SR R R R e B o S 37

N TR W D)3k R AR AT RE M A8 A W] 71 71 95 145 [A]
W5, VIWrSCR BT M 54 5 ARAS At e e 24 )
IV, 58 LR 2L U0 R R IRS A A iR B
& AR A 3R A 1y 5 WSO JRE AR B I [i] PN R
AR B RS A 78 R 0 AR 2 PRSI (1] PN L
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2% X UIRISCR A 520 W) i A5 FF 2 5 das i B
VIR 2GR S B E A S 5% 4
R SLROR S AN AR 25 PRI AT R R B
R BRI AR S R AR Bl WSO B2 0 185 o, %
FESIR 55 A5 /N A3 /I 0. 22 m, TR FEAF
BRI 5 FF SR 0T AR K, 7E Bl BEAS S (1% 1l
T T A A UL B B RE S B AT A R A N T LA
AR T A 23 AH W)
4.4.3 Kyt T)hEE

TR0 A 5 RE MR % B E ] AR B A
13 em , PORALSCHRE HE 2 1. 12 m/s, 3330 76 KT AR
WK IS I Ji (FEFF B 7K 328 29.34% ) o ik B 45Ky
AR 2 8 g e A SIC IR il e R AR 4 T TR BRI
Oy, JIEEE I B 2 108 ~ 2 874 /min, fif LA A
EhEE T E N 2 1002 350 .2 600 .2 850 r/min, 5
gERnE 4 iR,

F4 YRR TIHF RIS R
Tab.4 Effect of rotational speed on chopping effect

Tl FEFPRITERRE REAFBORE A0 T
(r'min’l) /m\“ﬁ}%}]/% %}’2/% d/m
2 100 74.09 73.31 4.06
2350 85.23 81.39 4.17
2 600 92.31 88.91 4.29
2 850 92.59 89. 18 4.31

HH 2R 4 AT, R ] il AN 2 100 v/ min 340
£ 2 850 r/min B, FEFF B AEAC BE A AR 38 in T 18.5
ANE L FEFF BRI I T 15,87 AN E v iR
B A R R FF Y 0 1 G A% R R 1 e 52 B
FeI K G R EFRRE iyt H, T1 i EAE 2 100 ~
2 600 v/min B, FEFF AR5 A% S5 R 8 3 42 B I
FRIBEAN , TS R 2 600 r/min I F5 AT R K
AR 2 100 r/min BFE 18,22 AN 4, e %
Ft 2 100 r/min B/ 15. 81 AN 43 5, 553 7E 2 600 ~
2 850 r/min I, G FF A R BE A 0 R e 3 B AR
PREERAE 31X 320 PR Ry /K R A AT R RS i
FEVIWT 2 /i 23 K AR SRR AR T | 2 13 AR I, S AT
e e VRVEAR TE B IR, T R 5 R AT A9 4T i ke
/N TR AR R R D B 2 SR O R R A
AR % 238 T R 2R I S 1, R 24 ) 7 % A A AT
T B AR I A KA B B AR I R FF 09 8 0 K

R R BB R 3 A0 A 2 [ Ry 048 7] i g S 6 4k
Srdf i o T T AN T B R B A B K
B MO0, 25 m, 33X S R D B s sy | 6 T4 g A 1
FEMSBE RN, H5E# AE 2 600 ~ 2 850 r/min
R, AR DB A PR A AN | I T R AR AT
ARTE
4.4.4  PIGUET] HLE] I

BEE M TR B Tl e 1R 2 350 v/ min , WOARHIL
WK EE O 1. 12 m/s, 32058 78 K T BR e A i T
(FEFF K368 29.34% ), 44y IS0 E P e
J) ELZR R B ], 5 BUE 2528 1113 .15 .17 em),
WIRERANER 5 Fis

x5 WRETIELERITMEZR M
Tab.5 Effect of two-stage fixed knife interval
on chopping effect

BHLmER,  RAPMEEKE R L 5E
cm By, /% yy/ % d/m
11 82.06 81.33 4.20
13 85.23 81.39 4.17
15 87.07 85.92 4.12
17 87.19 85.57 4.09

%5 nl A, BEE e T) BRI 11 em
HANEN 17 em  FEFF AR BER BE A4 RN 5. 13 4>
5 FEFFRCRE RGN T 4. 24 NE S, HER
BEM 11 cm EH1K 15 em I 5 AR R BE G 8% R
FBE R A B WY S 3G A, 43 3G A 5. 01 4. 59 4>
HAT . X ARSI S | S5 84 30
RERFE , BIIREE 2 JUE I Z AT A s /2, e
JI R BT S A 2 YR AR, T XY L4k [R) B ik
BB, FCVFREFEAE P T] 22 (8] 7843 0 ol 5
JERFFRRE , X B Ry R AR Al S FE AR AR | [ S b
POEE ] IR B3I, 75 A1 Ry iR 4K B 5 A 3 Rl
AR e IS R a3, P 55 hE & T 20
TV E LA BRIGIN YA T A T Bka ., EEE
PS4 TR B AR AR i S R A R
4.5 ZEAZRIRAK
4.5.1 R

PR Sl W v S R 7RI 7 ST 5
W B T e ) Ak R B 3 AN R
Iy IBEE 4 K 4T = R 2 DU K IE 385 3
WHZEAKFINE 6 R, BRIARESR 3 K, A%
S5 RO HME
4.5.2 IEIAE AT

VEHL Lo (47) IEA R AHEAS , 3050 i AR At
HZEAAE R MR MER T iR,A B.CH
K Z K-,
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Tab.6 Test factors and levels

(5ES
K WAk R/ MR, e J] Lk
(m-s™") (remin~") (1% cm
1 0.95 2100 11
2 1. 12 2350 13
3 1.21 2 600 15
4 1.38 2 850 17

F7 RWERIMEW KR IEZ KR
Tab.7 Results of orthogonal test on effects of test factors

. BV R

i AME R R

A B C y/% y/% d/m
1 1 1 1 74.51 77.94 3.89
2 1 2 2 88.24 89.91 4.21
3 1 3 39549 92.61 4.37
4 1 4 4 93.78 93.08 4.41
5 2 1 2 63.34 70.48 3.84
6 2 2 1 7834 77.39 4.09
7 2 3 4 9218 93.17 4.21
8 2 4 3 93.91 92.48 4.49
9 3 1 3 66.19 66.75 3.72
10 3 2 4 7749 75.21 3.92
11 3 3 I 90.27 90.34 4.32
12 3 4 2 9164 9421 4.41
13 4 1 4 60.24 59.42 3.57
14 4 2 3 78.19 73.95 3.89
15 4 3 2 88.94 85.97 4.26
16 4 4 1 90.08 91.34 4.38

K, 352.20 264.28 333.20
MK Ky 327.77 322.26 332.16
A Ky 325.59 366.88 333.78
R Ky 317.45 368.18 323.69
R, 8.688 25.975 3.618
353.54 274.59 337.01
333.52 316.46 340.57
WRER Ky, 326.51 362.09 325.79
K, 310.68 371.11 320.88
R, 10.715 24.13  4.623
K, 16.75 15.07 16.68
Ky, 16.63 16.11  16.03
Ky, 16.37 17.10 16.41
K, 16.15 17.62  16.09
R, 0.150 0.638 0.163

3 7 01,3 i B B R R K A
He IR KB K BLALC, 2 BR M B
FERTH B 20 0 1 85, 00 57 3% ¥ 6 45 1R 26 50 o 0
Koy Koy Koy K P 8K L L 2 5 K
T, B WA S 0. 95 m/s (HCHERS (3 1 $H4G

) Ry e T1 b R 2 850 1/ min | W ZE T] B4k 4]
Bk 15 em., [RIEE,3 el PR 204 FT i i 3R (1) 5%
M K2R B A C, RN RS EA G R Uk
HEEN 0.95 m/s(WCARPSHAI N 1 PR ) fy 8 7Tl
Bek g 2 850 r/min., P 2% GE U] B £k 1] B N
13 em,, 3 MR85 PR 22 6T 41l 400 T A9 5% e pl R /)N
HB.C A, fEN S EA A T WK N
0.95 m/s(YRFRFYNT A 1 $YAIR ) B Bk T %l A i
2 850 r/min B E T HEAAIFE R 11 em,

LGS, R AR B B G AR R A B R R UL
ST E T T il e A AR e, AR (b R AR — B, A
LU TP E ] B0 B |, WOIR B2 R Tl 2 0 i
FER A4 R A R R 520 B 18 25 (P < 0..05) 5[]
F R B TSR S P AR | 3 0 T Bt B S R T 2
JJ B2k 18] B X S MR S S e B B 3 (P < 0.05) . fE
SMUN: Vi (SN SR LIRS SNt IR SR:E i iR 13
AR AR5 1 ] sy, A, o 250 S JB3T 9 4850 s 9 5 AR ML T4
R Ve VT R

5 #ig

(D) ETEGE UM A it T —f S
KCARATLE L ) /K A s FF A e, 1) oo R 4
T DI BRI 2L B, 05 T DI B B A A
FHAEZ AN JI V5 1803 Bl o7 B AR A 5 T P 8 40 Al 4
IR W 2L 0 B 1 (A i 0 R A B IR T St 2
PRI TR SRR i A i VI 4 E T, %
& A R AR AR DR AT A B | 5 P4 A )
L, AT I PR AL 28 FE A

(2) PR R R B A AT 0 R BE 5 A 8 A
TR R Bt A 5 7K SRR B I TT T 5, Bt 5 s ) il e
T L R BRI e S R AR B A IR
AL B3 I R AR ; RO 9 52 0 A e L e ¢
K, Bt S AR ARIONR] A 5 A S 2 o, B g A i
FPR e T ELL 0] B () 38 0, JO R0 5575 A AR Y
B,

(3) IEAC IR0 R W, 38 FF Ry 04K B2 B A %
AR S HCH WO 0. 95 m/s ) i ] il 5 ok
2 850 v/min AL E J] HLZR BB 15 cm ; 34 INAS %
PRI AR SN MGRHE R 0. 95 m/s Hig Tl
T 2 850 r/min  IZE T] H L BIR 13 em; $2 & il

L A S ECh MR EE 0. 95 m/s B i T] %
2 850 r/min I E J] AP 11 em, 7ESEPRA:
FAAEME A R R 3 380 T 194 o A R B R 3 2
{14 [, A, 2 S TS 41 IR 9855 SR AL T AR i 9 1)
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