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Comparison and analysis of the operating performance of different
drive-type disc cutters based on EDEM simulation

ZHU Huibin, QIN Jin, BAI Lizhen, QIAN Cheng, WANG Mingpeng, LI Rongdong
(Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming, Yunnan 650500, China)

Abstract ; To investigate the differences in the operational performance of various driven disc knives during no-
tillage operations under conditions of heavy straw mulching and full straw coverage in Southwest China, this study
focused on bionic disc knives, notched disc knives, and corrugated disc knives, analyzing their force states during
straw cutting. Single-factor EDEM discrete element simulations and three-factor, three-level orthogonal field com-
parison tests were conducted on a self-developed anti-clogging device, with the following experimental factors: types
of forward-rotating disc knives, types of forward-and-reverse-rotating disc knives, forward speed of the machine,
and rotational speed of the disc knives. Evaluation indicators included the number of broken bonding keys (indica-
ting straw cutting rate) , soil disturbance, and machine passage ability. Simulation test results indicated that, under
identical conditions, the number of broken bonding keys and machine passage ability were superior in the order of
forward-rotating bionic disc knives > forward-rotating notched disc knives > forward-rotating corrugated disc knives,
and similarly for forward-and-reverse-rotating disc knives. Soil disturbance showed an opposite trend. Field test re-
sults showed that when the straw coverage was 1.432 kg - m™>, the type of disc knife had the most significant im-
pact on the straw cutting rate. Operational effectiveness aligned with simulation test results across various rotational
and forward speeds of the machine. Under conditions of heavy straw mulching and full straw coverage, bionic disc

knives outperformed traditional disc knives in all aspects except soil disturbance. Only the forward-and-reverse-rota-
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ting bionic disc knife met operational requirements and demonstrated superior performance. This study provides a

theoretical foundation for the rational design and applicability analysis of stubble-cutting and trenching components

in no-tillage seeders under heavy straw mulching and full straw coverage conditions.

Keywords: disc knife; driven; EDEM simulation ; anti-blocking device; straw cutting rate
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Fig.3 Schematic diagram of stubble cutting force of different types of disc knives
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Fig.4 Three kinds of positive and negative rotation disc knife stubble cutting force schematic diagram
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Fig.5 Schematic diagram of the combined force exerted on the forward and reverse rotating disc knives for cutting straws
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1. Forward and reverse bionic disc knife action straw shear surface area; 2. Forward and reverse notch disc knife action straw shear surface area;

3. Forward and reverse corrugated disc knife action straw shear surface area
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Fig.6 Shear surface area of straw acting on different types of disc knives (shaded part)
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Table 3  Factors and levels for positive

rotary disc cutter in field tests

- 5% |5 i g
IEFERIRER B e
Positive rotary disk

Forward speed

C/(m-s")

K ESES
Level Factor cutter speed B

/(r+min")

B A R4 7]
1 Forward-rotating
bionic disc knife

RGO R 377

2 Forward-turning 150 0.98
notched disc knife

BRI SUR 5T]
3 Forward-rotation

corrugated disc knife

[{Z& Factor

- EFEIASE T B
Al >
Level IRl T1SE R A
Disc cutter type A

HIHEHE C
Forward speed

C/(m-s")

Positive rotary disk
cutter speed B
/(r+min™!)

2 PFEABRERFZEBEZINABEZRSKFER
Table 2 Factors and levels for forward and

reverse rotary disc cutter in simulated tests

IEF S £ ]

1 Forward-rotation 150 0.56

corrugated disc knife

RGBT 8]

2 Forward-turning 175 0.77
notched disc knife
IERE 5 A= A 57

3 Forward-rotating 200 0.98
bionic disc knife

Fx4 HERBRERFERENKKEEZSKESE
Table 4 Factors and levels for forward and

reverse rotary disc cutter in field tests

1E SR ]
HEHH B U
K 15 Combined speed of ik C
Forward speed
Level Factor forward and reverse C/ .
rotary disk cutter B (m-s7)
/(r+min")
E R HE R 4]
1 Forward and reverse
bionic disc knife
TF Rt 11 5 4 71
2 Forward and reverse (150.313) 0.98
notched disc knife
IE R s R 7]
3 Forward and reverse

corrugated disc knife

#& Factor

iE RG]
HEHHE B

KF LTI A B HEEE C

Combined speed of

Level Disc cutter Forward speed
A forward and reverse c/ o
type rotary disk cutter B (m - s7)
/(r-min")

E RO R 4]

1 Forward and reverse (150.313) 0.56

notched disc knife

NEisiediE: vl

2 Forward and reverse (175.365) 0.77
corrugated disc knife
IE A HE IR 3T

3 Forward and reverse (200.417) 0.98

bionic disc knife




%5 3 3]

KRB 22T EDEM 7 H 1A Rl 98 3h 38 8 71/ BEXS He 5 0 B 305

322 WHRBIFNIHAFGHLEMNKT xS
5 MAFESCIR P DR SO LR EG BE T, K 5 B
6 v 0 il 4% S DRI SR 5 o A8 R S AT DD B R, AR T AR
B hm -5 05 ELRX G0 A (7], 25 T8 A5 I 5 AR A0 [ 5K
FRE( GB/T20865-2017 #t (/b)) #k it AL 4% Fh HL) 12
FI{NY/T1768 -2009 4% Fh AL 5T 5t 7 £ R #L
oy P kAT

4 PiEAER

4.1 FEEE-FH-TEEHTER

25 e A 5 Sk T R R A T R R R
65Mn , HE ST B4 2%e B - AT - 1 B OT R A A G
P ESHnE 5 i,

+ 98 A 1% AR Y 5 BN Hertz—Mindlin with JKR
BEAL R 480 4 mm, kAR 4.5 mm, KA
AN 12.73 ]« m ™% FORFEFFIEMAIEAE 1.2 mm
A T ARVE A NI EE 9.361%107 N« m™> B [ FH ) ]
NIBE 9.845%107 N - m™>, I FEUI 1A% 77 1xX10° Pa, K
ZEEEEAL 2 mm, A SN 1400 mmx 550 mm x
300 mm, TIERWR EAE N 4 mm , SR UK R A 5 =
PR A, B AE S, DUBORE T AP IE X
A B TR R R, 15 UK S5 5 )R 0.02 s, AR
VPO R Hb X R KA AT ELAR S 200 20 ~ 30 mm, AR
PUREFF 7 55 18 KA I KRS FF B2 30 mm, FOK
T B BT 78 2 8] AT — 7 (B 3, Bl 1k A RS FF
Wk [0 & AE R, PR BLERCRS A [E]HE R 60 mm, A T 970>
D5 LR T] ARADURS AR FF 7 36 45 1, 1 B RS AT AR
h 10, FEFF N 300 mm, R AH SEFR U, B 45 ]
TFVTRRE J 80 ~ 100 mm'>) | [K 15 B By 1% 245 B Y
FRETREE R 80 mm, W& BT BT[] R 1.5 s, B
JUAERLINE 7 iR
42 HERBERSHH
4.2.1 FHEHEBAKT

(1) IERG IR TR 25 S W 48k it . 1 IE % (A 4
JIEHE R 150 v+ min™' HLEATHEEE R 0.98 m -
s BRI A Rk 6 ian, LA 1, = F
TE 2 (B 48 0 K 235 S Dy 4800 DA R B /MR KO TE B
DA 7] IERE B0 R BT IE R B AR BT IF
A0 A B 95 0 1) RE 23 S W7 SR B0 B I A e 11 (R 4
TR IE 5 SO 871 3 082 55 6.64%F1 13.20%

(2) IE S BRI 45 TR 25 Sy 24 80, M IEF6 A
P TR 150 ¢ - min™! ,ﬁ%ﬁﬁzﬁ:@ﬂﬂ 313 ¢
- min”' HLEFTHEEE N 0.98 m - s B, 5 EiLE
SERNER 7 PR, HIE 1, R0 R B A TR
ST 2R R BN IMR IO TE B s R T

x5 hEZH
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Disc knife 0.30 Straw-knife static 0.23

friction factor

7300 TR -1 RN

Straw-knife friction factor

Poisson’ s ratio
G5 H R/ (kg + m™®)
Disc knife density

I 2 71 5T Y1 it/ Pa FRT-TIVR 2 2%

Disc knife shear 8.0x10' Straw-knife recovery 0.66
modulus coefficient
.. 4TI R A
= o Ry \ |
HRAT IS L 0.40 Soil-knife static 0.60

Straw Poisson’ s ratio .
friction factor

470 LS ERERE o

Soil-knife friction factor

B SIS ¢

FEFFERE/ (kg - m™)

Straw density

FEAF BT LI/ Pa

Straw shear 1.7x107® Soil-knife recovery 0.30
modulus coefficient
S - - e A PR R
FEIT PN
LR 0.38 Soil-soil static 0.84

Soil Poisson’ s ratio .
friction factor

g - e gy EE R R A

2680 Soil-soil dynamic 0.10

friction factor

+ T/ (kg - m™3)
Soil density

- IR R AL

A P
LIDIYIBLRL P Soil-soil recovery 0.55

Soil shear modulus

1.2x10'
coefficient

*o EXBEREINFELRBRER

Table 6 Positive rotation disc cutter simulation test results

IEFE £

N AT o
- npe OOERE
(5] 4%: T] 2 ) .. . Forward -
. Positive rotary disk Number of bond
Disccutter type speed
cutter speed /( 1) breaks
/(r+min!) mes
IEHA A BT
Forward-rotating 35968
bionic disc knife
TR TR 4]
Forward-turning 150 0.98 33579
notched disc knife
AERE S 7]
Forward-rotation 31221

corrugated disc knife

EREEE T B 500 OF RO SR T I R
A 5 45 0 11 G 8 T 00 b O s B e 11 TR 4 )
I B e S8 48 T 43 5l B2 157 46.18% 1 67.51%
422 X3EIHRFHT X = FEEL TSR A
BBt 3 5 iy R SR R B T 1 B A bR R AT
BUR AR RIZEAL R B35 7] TR s B an &l 8 .9 Fios , it
ARSI 5 UOT S, 15 IE 5 A R 4]
- 25 4 e Bh il 13.224 mm?, 1F 5 Bk 11 (5 45 )
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FSF- 2 3P B N 12,357 mm?, TE 55 9 205 45 7]
EE RS E Y 11,748 mm®, & 8 1 D AEL
FeE (mm) ;d AR5 SR K B 20mm; D, oM IE
i A I % T RIS EE (mm) 5 D, 2 IEFE k1
[ 45 7] + F P4 $6 BE (mm ) 3 D, o~ 1E 55 i 805 4% T
T RIFH EE (mm)

[ HIA 45 TF 52 0 A2 8 48 0 1 °F- 34 + B4

BN 14.031 mm”®, 1F Sk 115 4% 7 198 24 + 456
Peshim R 10.953 mm® | 1F S 54 i S0 15 3 T35 1 35
Peshi A 9.381 mm®, &9 o D AR FERE (mm) ;
d R B AR I 20 mm; D, K 1E U AR B
{1 2 RIFIB FERE (mm) 5 D, A TE S i 11 (8 455 )
FRIETESE (mm) 3 D, 0 IE S ISR 4 0] 3%
FHEFERE (mm)

¥ B4 42
Sprocket 1 Sprocket 2
48

A

S ket 6 | procket 7, Sprocket 8

chex\u|'uZ Noou ’I_I \li |_|

M Jm ! [ m { ]
LIE B

M
Vw4
AR s

%

# )10 : 11 #ITT

Rotary disk Rev:erse disc Reverse disc Rotary disk!

~cutter I CUtter I cutter | cutter I |
= X X \ X =
m \V4 ] m

B4 BEF3 BEFS

Sprocket 4 Sprocket 3 Sprocket 5

LR 2 0L 3.0F M | 5 4. ERBIFLTT; 5 RFLTT; 6. 5, 7.8 48 ; 8. (& E MM ; 9.4&3h%h; 10. 1IF#4%H 1T

1. Depth limit wheel; 2. Frame; 3. Forward rotating shaft I; 4. Forward rotating disc cutter; 5. Reversing disc cutter; 6. Reversing shaft;

7. Gearbox; 8. Fixing side plate; 9. Transmission shaft; 10. Positive rotating shaft II
B1 MEREFHTEE

Fig.1 Schematic diagram of the structure of the anti-clogging device

)

& " 10y . el
(a) 1i ZE [l 4t J) Bionic disc knife

=
(b) 8 11 54 4% JJ Notched disc knife

(c) W UIA 4t )] Corrugated disc knife

2 ZMAREEMERT]
Fig.2 Three different types of disc cutters

FEFF

A&7« /
Disc knife<’ .
t,

X

St by Trerstions Anination Trpe Benl-Tine

T

Altair EDEM”

7 BEEE-F-TEEBUTRE

Fig.7  Anti-blocking device-straw-soil discrete element modeling
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Table 7 Simulation test results of forward and

reverse rotary disk cutter

1E IR
TIHAERE® y
Combinjd%ted HiT L1 Rz iy
ZE eSS e Forvard  BURCH
. of forward and
Disccutter type speed Number of
reverse rotary y Ll bond break
disk cutter (m-s7) pond brea
/(r+min™!)
AE AT B )
Forward and reverse 42248
bionic disc knife
E S it 11 R 47
Forward and reverse (150,313 ) 0.98 22736
notched disc knife
SRR SR ]
Forward and reverse 13728

corrugated disc knife

423 FAMBEHL KT, ARFEZER
BB S FEFF o A B B an & 1011 Fros, MK
10 A LAE W 05 B A i = e 54 [0 43 T BB RE K 5
FFOIWT H = A RS FF IR A A B B A LS 1B
Jir DR AR A R ) LG A A5 A ) D i
RIS TTNRET I 5 (B 2 70 (0 A5 A1 4% 2815 B0, (H A]
IRl Rt 435 i 7 5 280 0 T A7 7 B R 5
AL 11 AT RUE ), =i aE S B 45 70 ) B RS A s
FFARAE T AR S (R AL RS A% B, A R0 5 FF 76 10351 i)
TPk RS, TR R R A T A R T IE B U] 3
M 1 S A TR 25 ) PR RS FF B RE D15 HAE R F
FEFFRBT DI IR, BEAS K P A RS AT DI T, 1E )%
i 171 (5 £ 7t e kRS B R AT DT, (B[R] 2 70 i Y
FEFF5 1E R % 0 A6 IR 35 T AR e 3 &2 R R O e
it 11 (B 48 ] Pk S i A 14 e 0 R FH T RS A 0 55 1
(TR ARyt o S A AN V& 322 EE AR |
T B St ARG A AR (B 48 T T, Dot PR 2 0 S 2
SR ETT Y J7 E R W 0 BT, TC RS APk 5

FEFF S R IR T HE L LT AT 7 i i o
5 HIELLE

51 REREHRIESE

RIOTE 2= /44 B BA T 2 o1 DX R B 3 TR 2 AR
PP PEREIRES [ (24°51'N, 102°52'E , #4K 1 945 m)
HEAT , RSB K 80 400 Pa, FHS IR N 26°C , KHd,
BRRGEE T m - 57" CFBIRGEE 5.4 m - 57 AN
31% ; R HIR TTHL A FF3- A TR 5 4532055 0~ 15
em 12 BT IS KRN 21.58% , T35 HHEA
BN 1.25 g- cm73,5|2i@iig§§l§§j'ﬂ 1 105 kPa; fr
FH R 5 A1 B A T KRS AR, U4 F FF & KR
10.81% , T KFEFBATE &, AT E RN 82% ,
RN 143 kg - m2,

ARV R FH 1)1 A 2 B8 = Ao ] e
P81 455 7] .SCO00 kX -3 IR S BE AR IE [ % 80 )
PIFER DT IE2E B RITLT 504 HEPIHL KRR B FR
JI NG R TTHE  HL K OF LT FE I Kestrel 3500
FHUR L%, BB A 12 iR,

52 HENRWERS SR
5.2.1 AR

(1) IERER BT RSN %, IF 280 45 R
e 8 fow , 225 M Ay 2250 BT 43 il an sk 9 .10 JiF
N, MR 8 IEASI IS S, 48 I 22 40 Bk 4T
LB ISR 2 T EE a3 9 Prow, kv DL
TR AT 3 IR A T 2 OE i R A T
W ATHEE A KT asb, ¢, , 5 MRS FFUT T3
B F IR ZARI R a>b>e; 16 3 FhEE; B £ h )
Az 58 25 T RS U0 W S g e, bt 5 48 0 i £
[ 45 7153 B 5 8.76% F1 14.18% , 1E 4415 A R 4% ]
B DA 5 TE e e 11 (8] 4% 0 25 S AN R, IE G Il 4
(5] 45 T DI AERICR Fe 59, X VAP AE S 1 2514, B 4
TIRTRROIRCRA T )

xS EHREZRINEIXBER

Table 8  Orthogonal test results of positively rotating disc cutter

Qﬂ& [ﬂ% Factor

Nu;nber of [ﬁlﬁﬂ?’éﬂ a ﬂ‘:%ﬁﬁﬂiﬁ@ b ﬁﬁj?jjﬁﬁ{‘ c ﬁsﬁlj %ﬁﬂ“w%ﬁﬁ
Disc cutter Positive rotary disk cutter Forward speed Blank Straw cutting

B type a speed b/ (r * min~! ) ¢/(m - 5! ) column rate/%

1 1 1 1 1 53.07

2 1 2 2 56.25

3 ! 3 3 3 54.20

4 2 ! 2 3 52.92

> 2 2 3 I 53.81

6 2 3 1 2 50.83

! 3 1 3 2 64.75

8 3 2 1 3 65.01

2 3 3 2 1 64.13
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g R
Soil surface lines K B + 1 4 % 45
— Horizontal baseline Soil surface lines d - IKP I 2R
D, > | D, Horizontal baseline
D;
3 T e——p— >
2 B
2
1 3
D,
11—
- D D,
D
— LR AT R A 2 — LB AR B A ) R B 2
Forward rotation of the bionic disc knife soil perturabtion line Bionic disc knife soil distrubance boundary line
2. IE 4% 5 11 I 55 Ik 7] + Bt 2 2k 2. 1E J e e [ i 0 4 1A B 2%
Forward notched disc knife soil disturbance line Forward and reverse nothced disc knife soil disturbance line
3. IEE SR B T 1 B YL B 4 3. 1E i s A 4 ) R B B 2k
Forward rotation corrugated disc knife soil disturbance line Forard and reverse corrugated disc knife soil disturbance line
E 8 IEFEATIEL T EEHEANITLE B9 ERFEEEIMELLEEEEKITLE
Fig.8 Comparison of soil cross-section disturbance Fig.9 Comparison of soil cross-section disturbance
in positive rotating disc knife operation in forward and reverse disc cutter operation

b

. .

4 i : .» L 4
Altair EDEM * Altair EDEM L’“‘ ’ Altair EDEM
(a) {}i 2E [ 4% JJ Bionic disc knife (b) B 15 4% 7] Notched disc knife (c) P 4L 4% J) Corrugated disc knife

B 10 AREEREZIELFHEFIHER

Fig.10 Distribution of straw after operation of different positive rotating disc knives

V4 Z
a s
Altair EDEM Altair EDEM Altair EDEM
(A) 1E S 5 47 £ 1 4k 70 (B)E&%@%Dﬁi}) ) (C) 1E e e B I 43k T
Forward and reverse bionic disc knife Forward and reverse notched disc knife Forward and reverse corrugated disc knife

B 11 ARERERZIELEHEFIHER

Fig.11  Straw distribution after operation of different forward and reverse rotating disc knives

M 8K 36
Field test
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Table 9  Orthogonal test polar analysis

MWAEER 8 IEsCI I 45 2R, a2 HJr 2 0 Mrid it AT
AbBE A3 ENTT AR IR 10 s, gl LI

| . ir:’ﬁlj
fw oA, b e Bk Y XREFE IR A 3 K R A ) 2%
column e L ey . USRI NS
Kooamse  US0T B0 UL RS EVIR R SEE B BEOH TR IR
K 193.89 169.16 172.76 172.13 e N
’ = |7 R BB ERE A
y ky 54.51 56.91 56.30 57.00 (LR EL SRS is R
k, 52.52 58.36 57.77 57.28 (2) IE 56 1R 3 01 B RS FF VDR, MR & 11
k 64.63 56.39 57.59 57.38 pan — e e 4 2
m% IEASIRERZE 2R, 38 PR 22 70 ik A7 AL R, 15 2 B
hae UM MO 0% gepaiming 12 B8, i 12 TR T
*10 EXRWAESN
Table 10  Analysis of variance for orthogonal tests
22 57 Y = A = i
H ki BT IR Frt e s .
Source of Sum of squared Degree of F F, R
. . Mean square Significance
variance deviations freedom
a 253.0754 2 126.5377 1130.8105 Fo0(2.2)=99 w ok k
b 6.2409 2 3.1205 27.8865 Fyps(2.2)= 19 *
¢ 3.8189 2 1.9095 17.0643 Fo,(2,2)=9 *
2% Error e 0.2237 2 0.1119

TE:owoxox oxox o HIARMEE A B¥E 8%, TR,

Note; * * * _ % %

and * represents extremely significant, very significant, and significant, respectively. The same below.

x11 EREREZIEZRBER
Table 11  Orthogonal test results of forward and reverse rotating disc cutter
F# Factor
o 1E SR

HEk [ 2 J12H A JIH A58 B HfEEEE C - FEFF LI
Number of groups Disc cutter Combined speed of forward Forward speed Bl l:— ol Straw cutting

type A and reverse rotary disk C/(m - g1 ) ank cofumn rate/ %

cutter B/(r + min™!)

1 1 1 1 1 48.76

2 1 2 2 2 49.00

3 1 3 3 3 50.30

4 2 1 2 3 39.24

5 2 2 3 1 37.58

6 2 3 1 2 36.38

7 3 1 3 2 93.81

8 3 2 1 3 91.58

9 3 3 2 1 93.65

FEFTUIrA ) B4 T AL T S 5 58 38 0 % it | iy itk
PEFE RO AL B, Cy , BEMRFS FT TR 1 327 A
FRUCN A>B>C, HAENLEATHEHEH 0.98 m -
s R T] B A3 50 150,313 ¢ min T B,
—E S e [ 48 0 B Al R B i, X5 R B
U IR A SR A s ERS AR IR Dy T, =P E
SR 25 71 I VIRERCR  iE R D5 A= TR 1 > 1F J
T VIR % 0 > 1F S i SCIRI T, TF SR A A B
FE TR DI W7 3 L E B e i 11 (8] 48 0 FLIE R

PSR T1 53 IR 2 45.519%H157.43% , HAEZE 11
IEARIGEE S, i8 7 20 rik b AT b B8, 15 30 5
ZEOPHTEE R NER 13 FioR . NFR 13 AT LA XA
GRS AT E A ES A ESWIE S N =]
S IR 2, SR 5 2 1 R 3 5 4 22 4 BT Y
FRHARLELE—E, B TR A DIWRIn 5
FETIRAINERE BOCE S,

522 XEHFHE XMENIE R LIRS E AT
W, B3] H 3P s 3k 14 .15 s, & 14
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ALV AR R ST, IR 05 2 10 4500 1Yy £
Pesh ok, 81 BT 2, BSR 3 7] foh, H.
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Table 12 Polar analysis of orthogonal tests

e _ . N IS G N0 7
A B I 5 R 5 i ) BUIE e, S L A W S O
J__ﬁiﬁ [:t #ﬁﬁﬂ IE% ﬁ)j E[/Jii* j?j[: j] o ig J Index Level Blank column
E=a — E! A g8 o) 5 2] /)N
- ? ‘ LB K, 148.06 18181 17672  180.15
T 40%, M 15 ATLLE I FEANF AT, IE R K, 11320 17816 182.05  179.19
'ﬁiﬁzﬁﬂ E@iﬁﬂﬁfﬂj%ﬂ%jﬁ,ﬁfi%ﬂmmz, K, 279.20 181.69 181.69 181.12
o e Y k 49.35 60.60 58.91 60.05
Ly TR $98 P 2 -EL 21N J98 2 B 1
IESEGHBR 3] R sh R o, H A LSl ky 173 5939 60.68 50.73
551 71 % ) BE T, 5 LR R R R L, ks 93.07  60.56 60.56  60.37
=R IE R LR 4T 19 S S R N T 40% 2% Range R 55.33 1.22 1.78 0.64
xR 13 EXHKBAESN
Table 13 Analysis of variance for orthogonal tests
2 2] B 7
I 2K BT - . -~
Source of Sum of squared F F v
. . Degree of freedom Mean square Significance
variance deviations
A 5097.2050 2 2548.6025 8173.8374 Foo1(2,2)=99 * ok ok
B 166.3573 2 83.1787 266.7694 Foo(2,2)=99 % % x
c 5.7136 2 2.8568 9.1623 Fy,(2,2)=9 «
%2 e Error e 0.6235 2 0.3118
=14 EREEITITERZE
Table 14  Positively rotating disk cutter soil disturbances
I 712700 JT;???%JJ%JE ' T 3 j:iz%*ftfjJE e
Discoutter £ Forward rotation disc knife Forward speed Soil disturbance Mean/ %
isccutter type speed/ (1 + min~) J(m-sT) J% ean/%
0.56 19.75
150 0.77 19.27
0.98 18.94
TR G T T 0.56 19.90
Forward-rotating 175 0.77 19.88 20.70
bionic disc knife 0.98 19.83
0.56 22.61
200 0.77 20.36
0.98 20.11
0.56 18.08
150 0.77 18.05
0.98 17.87
TR [ ) 0.56 18.16
Forward-turning 175 0.77 18.12 18.07
notched disc knife 0.98 18.13
0.56 18.15
200 0.77 18.05
0.98 18.03
0.56 16.90
150 0.77 17.03
0.98 17.20
TR SR 7] 0.56 17.32
Forward-rotation 175 0.77 17.27 17.20
corrugated disc knife 0.98 17.13
0.56 17.58
200 0.77 17.24
0.98 17.17
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Table 15 Forward and reverse disk cutter soil disturbances

IE SR IR T 45 e E B

[5] 28 T] 2 Y Combined speed of forward and . o HIH
] . Forward speed Soil disturbance
Disccutter type reverse rotary disk cutter 4 Mean/ %
B/(r - min™") /(m = s7) /%

0.56 31.14

(150.313) 0.77 30.69

0.98 30.12

B A B ] 0.56 32.38
Forward-rotating (175.365) 0.77 31.59 31.67

bionic disc knife 0.98 31.41

0.56 33.08

(200.417) 0.77 32.48

0.98 32.17

0.56 23.29

(150.313) 0.77 23.15

0.98 23.06

IE R 11814 T 0.56 24.14
Forward and reverse (175.365) 0.77 24.05 24.06

notched disc knife 0.98 23.63

0.56 25.67

(200.417) 0.77 25.23

0.98 24.35

0.56 22.51

(150,313) 0.77 22.29

0.98 21.67

IR e B R 4 T 0.56 22.36
Forward and reverse (175.365) 0.77 22.15 22.85

corrugated disc knife 0.98 21.87

0.56 24.69

(200.417) 0.77 24.30

0.98 23.84

5.2.3 AR 7EIEFE B A7) RNE RO R A
JIDIENFERE A 5 R o, o0 0 SR ML L 1) 3% ZE A L
AFWEAL A FHLEIEZER DL ANZR 16 .17 s, M
16 TTLIE W, 5] IEFE 1 =0 B 35 T HEAS [R) 55
FVHLEL A BT 25 s B e 3 3 2 136 A 7 LG AF
BREEOL T ALEE Pk 22, AW R 2R, R 2 D)
HROR 22, INFE 1T ATLLE TR IR 0 254 T 1IE J
FEBR TR 5 ) R B 2E | OF UG I S0P ) L B
FE PPRWE R B R R IR U A B A B
Bt fe 5 (8 45 7T 0 U FE M Be AT G, YD 7E SR R
U HLE SN 25 5y 3 B JE . 4 1 5% [ 45 ) e il
H150 v+ min' EEJTHREEEH K 313 ¢ - min”' HL
FLRTHEEE K 0.98 m - ™", TF R4 AR 8 4% T %
A BUREFT 55 2E 10 175 0, B 4 e i TR ML
G FEM GO0, (E b e S A0 14 2 B m oy R
(RTHFE, BIF LATE IE 5L J1 355380 150 v+ min™' 5%
TIEEEHE R 313 v - min™' HLEFTHEEE R 0.98 m
- sTURETR IE R A TR 4 0 B4 VA R B b AR
=38

6 4 it

1) X = [ 2 Y Y 1 5% 18] % U0 Fn = AR [
KAV IE S5 B 8 T V)RR FE 34T T2 1t 5
HR A M, = IE G (R 5 JTHE U1 i B b Y AR AR
VIR VIVE R, 5 A 1 4% 70 Fn e 11 (5 2 70 LUK oy
F e sCIE BT LA U)o 3 =R R R B ) AR
VIRIREAE B e 5T UIVE L, Y IR 5 B #4771 7]
PR 7 A 0% 55 U7 T i AR R /N R[5 2 7 %) Pk ke
FEFFRIRE A K,

2) FENT P A A AT - T B HOTR A
b B X L T R — SRR =R I F B 45 0 AN
RIIE S 5 A% T R 2 B e AR | - I B0
it RS E O AR SR ] IE A DU 1848 0 Rk
S PR A AL L o A OR 38 h  IE R
A B B0 > IE RGBT R 3 0 > IE G i s R 5507, 1B §%
5 £ (B 485 T VR 2 e O 2R 8 i b T A ke 1 (B 2 )
FITE 55 e 8 5 4% 7143 5B v 6.64% F1 13.20% 5 753
TIIE RS OUT , B 45 77 kG 45 Fa o 2485 & ML Hi
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Table 16 Positive rotation anti-blocking device machine tool passability measurement results

71200 ﬂ?%lﬁlﬁﬁﬂ?iﬁ S EE FE SRS
Disceutter type Forward rotation disc Forward speed Clogging situation
knife speed/(r + min™") /(m-+s) °°

0.56 HH 3% JE Moderate blockage
150 0.77 P EE3% %E Moderate blockage
0.98 F1J35 5% %€ Moderate blockage
ERA R 5% 7] 0.56 HH 35 E Moderate blockage
Forward-rotating 175 0.77 HF 3% %E Moderate blockage
bionic disc knife 0.98 tH 1% 9E Moderate blockage
0.56 Hr BE 1% ZE Moderate blockage
200 0.77 F1J35 5% %€ Moderate blockage
0.98 HH 3% JE Moderate blockage
0.56 tPEE3% %E Moderate blockage
150 0.77 1% JE Moderate blockage
0.98 B 9E Moderate blockage
EREE TR 5% T] 0.56 HF 3% E Moderate blockage
Forward-turning 175 0.77 HF 3% %E Moderate blockage
notched disc knife 0.98 B 2E Moderate blockage
0.56 F1 351 9E Moderate blockage
200 0.77 th 3% JE Moderate blockage
0.98 HPEE3% %E Moderate blockage
0.56 P 3% %E Moderate blockage
150 0.77 B 2E Moderate blockage
0.98 HHEE3% JE Moderate blockage
TE L 2R 4% 7] 0.56 HF 3% %E Moderate blockage
Forward-rotation 175 0.77 1B ZE Moderate blockage
corrugated disc knife 0.98 1 EE 3% JE Moderate blockage
0.56 HH 1% 9E Moderate blockage
200 0.77 HH 3% JE Moderate blockage
0.98 P B34 %E Moderate blockage

®17 ERERHELREVNREEIEMNESR

Table 17 Forward and reverse anti-blocking device machine tool passability measurement results

IE IR T4 5 e ik I i

ﬂ?’éﬂ Combined speed of forward and reverse Forward speed ) %%‘%{E .
Disccutter type rotary disk cutter/ (r - min!) /(m-s) Clogging situation
0.56 R IIH E Slight blockage
(150.,313) 0.77 U3 FE Slight blockage
0.98 A5 FE No clogging
B A 2T 0.56 IR HO% 3E Slight blockage
Forward and reverse (175.365) 0.77 B3% JE Slight blockage
bionic disc knife 0.98 AN No clogging
0.56 Rk E Slight blockage
(200,417) 0.77 A5 FE No clogging
0.98 A5 FE No clogging
0.56 F1)35 5% %€ Moderate blockage
150313 0.77 th 35 € Moderate blockage
0.98 th 1% 9E Moderate blockage
1E Rk 11 [ 477 0.56 tHEF 3% JE Moderate blockage
Forward and reverse (175.365) 0.77 th 3% JE Moderate blockage
notched disc knife 0.98 3% %E Moderate blockage
0.56 B 2E Moderate blockage
(200.417) 0.77 F1 1% %€ Moderate blockage
0.98 i EELS ZE Moderate blockage
0.56 H R IE Severe blockage
(150.313) 0.77 HFIEIE Severe blockage
0.98 5 FE Severe blockage
IEREG DS R £ T) 0.56 T4 IE Severe blockage
Forward and reverse (175.365) 0.77 T JEIEIE Severe blockage
corrugated disc knife 0.98 H I FE Severe blockage
0.56 HJE I E Severe blockage
(200 .,417) 0.77 T EIHZE Severe blockage

0.98 FE I FE Severe blockage
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KRB 22T EDEM 7 H 1A Rl 98 3h 38 8 71/ BEXS He 5 0 B 313

TR BV MV S8R 38 Ry TE S A B 480 > TF S 5 ik
B 0 > 0 R % SO 385 77, 1F B3 45 A T 4 0
(ARG 235 S W7 2L 85 L TF i e it 1 [ 45 0 R OE S e
e BB #7143 L 46.18% F 67.51% , 354k 5h
EAERIERARIERGREZ TN LRXR
FR .

3) 3 ik H ] IE A2l g A ) YA A R
1.43 kg » m [, SRS FF U2 A0 R R 20 Oh [ 4%
JIZAY > [0 55 T o > HILEL F gk R s = O S B
FIIENLEL AT 0.98 m - 7', 1IE S5 TT 4
BESRM R 150 313 + - min~' B 558 T B 7E BT 15 A%
St IR T A B AY ) 1 A 5 0 A TR 4 T 1Y
VIEVEREAR T2 50 18 85 7 , 155 15 A= R 45 T B R FF
IWT R L 1E % e 101 [5] 25 J70 R0 2E 7 0% 280 (8 485 17 49 93l
1= th 8.76% 1 14.18% , 1F ) 5 45 A 81 45 71 B RS 011
Wir 3 b A s 2 e 11 58] 45 70 AU e B e 2 [ 95 U0 A
I 45.519% F1 57.43% ; 76 +3E 30 sh HLE 8 1
PRI 505 Bk e 45 R — 30, H A B
[ 45 T ARG A 5 i K RS AP AT 2 A T 2
PEME SR H AR b 2R AR, F 35 FG A U0 B R o
93.81% , K3 HIEM i N 31.67%<40% , FF A HFK
FHOCHRUE
5 % X k.
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