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Design and Test of Stubble-breaking Components on Strip Subsoiling
and Stubble-breaking Machine
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Abstract; In the northeast ridge area,the stubble treatment and subsoiling operation before planting can
improve the quality of seeding and promote the growth of crop. In the process of operation, available
machines for subsoiling and stubble-breaking exist some problems, including the large amount of soil
disturbance ,the not ideal effect of stubble cleaning and stubble-breaking roller is easy to tangle with grass
etc. At the same time,in order to adapt to the technology mode of conservation tillage in the northeast
cold,and meet the agronomic requirements of ridge deep loosening stubble, a type of subsoiling and
stubble-breaking machine was designed, of which the structure of stubble-breaking parts, subsoiling
component and ridge forming parts were designed. Also,the field experiments were carried out to study
the structure and operating parameters affected the machine. The influence factors of field experiment
included the speed of working machine, the depth of stubble-breaking and the sliding cutting angle of
sidelong edge for stubble-breaking blade. Evaluation indices included the rate of stubble-breaking and the
depth stability coefficient of stubble breaking. The results showed that when the speed of working was
2.8 km/h,the depth of stubble-breaking was 84.9 mm, the sliding cutting angle of sidelong edge for
stubble-breaking blade was 6. 5°,the rate of stubble-breaking was 93.26% ,the depth stability coefficient
of stubble breaking was 95.25% . The stubble-breaking effect of stubble-breaking machine was ideal,
which met the quality requirements in working.

Key words: strip subsoiling and stubble-breaking machine; stubble breaking rate; depth of stubble

breaking stability coefficient; parameter optimization; field test
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Fig.1 Structure diagrams of strip subsoiling and

stubble-breaking machine
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Tab.1 Main technical parameters of strip subsoiling

and stubble-breaking machine

24 BH
ALE3h 11 /kW 35.6
AME R 5F/ (mm x mm x mm) 1580 x 1500 x 1226
L kg 363
YEML AT %K 2
3 W 28 B/ mm 650 ~700
VAR R/ mm 250 ~ 350
KA /mm > 60
FE b 3 B/ (kmeh ") >1.8
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TIERRAS R AT AR B - RN 28 B BUE SR A AL
FRAETIIGT7 P S 2 )5 T ) 3 55 5 e Y AR
ZE o

TR FB A B0 B AE IR TR T5 , BEAT TR A AL
Jei TR MRFE B AT 9 0 O 2 SR A TR AN B L, =
MASCRRL LS |, TR MRAE K — JBEAE 91 ~ 145 mm 2
TR 300 Ao 0K 70 R P [ e > A2 KT 2 S8 7 57 A Y
AT ARFERLAL S R I FTRE , PR 2 57 40 i i 1T 5
TR 1RV~ A% 4 S R] B S D9 90 mm, 5 U] 4R 0] 5%
HL K- B D 370 mm s 28 65 I R 4 C B AE ) 4R



96 & ol HLOM ¥ R

2018 4

il
T |

2 KRB ESEE
Fig.2 Schematic diagram of location for key components
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Fig.3 Operation schematic diagram of subsoiling
and stubble-breaking components
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Fig.4  Structure diagram of stubble-breaking roller
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Tab.2 Structure parameters of stubble-breaking roller

mm

S8 BE
pAE:A TN 90
TIH [l i 2 12 280
T HAAZ 290
T A e [R] FR 650
Al W 58 1300
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Fig.5 Structure diagram of stubble-breaking blade
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Fig.6  Schematic diagram of side cutting edge cutting soil
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Fig.7 Structure schematic diagram of subsoiling device
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Fig.8 Schematic diagram of subsoiling shovel — soil interaction
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Fig.9 Structure schematic diagram of ridge forming
shell device
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Fig. 10  Field experiments of prototype
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Tab.3 Experiment layout and results

AR % —
R KR EOAN Kim AN
i R R
x,/ X,/ VI x5/ Y, /%
Y,/ %
(kmh)  mm )
1 1.8 60 5 91. 31 95. 31
2 5.4 60 5 83. 81 92. 84
3 1.8 100 5 91.03 96. 69
4 5.4 100 5 82.39 91. 96
5 1.8 80 0 85.12 95. 68
6 5.4 80 0 76.57 90. 38
7 1.8 80 10 85. 11 96. 44
8 5.4 80 10 81.47 94. 32
9 3.6 60 0 75.49 91. 68
10 3.6 100 0 75. 82 92.54
11 3.6 60 10 80. 97 94. 51
12 3.6 100 10 76.77 95.32
13 3.6 80 5 93.26 93.93
14 3.6 80 5 92.89 94.24
15 3.6 80 5 92.33 93.74
16 3.6 80 5 93.22 93.98
17 3.6 80 5 92.43 94.11

3.3.2 KHWHEREMEREY, AR &Y
i E AR
3 X R 58 EHE B 23 B A 2 T A LA K
WEREMERE Y, FEoINERS PR, EB%%S
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i3 Design-Expert 8. 0. 6 Z¢ 11414 %) 12 56 20 4
HEAT AL B A5 AR B o, KRR B x, (IE YD I3
VI xy Z [0 0 3 MR B 2 8 BAE X KR Y, &
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Tab.4 Variance analysis of stubble breaking rate

78 S5 of U -7 #0 EREE S ¥y F P

T 728.58/727. 42 9/7 80.95/103. 92 158.03/197. 43 <0.000 1 ***/ <0.000 1 ***
x 100. 32/100. 32 1/1 100. 32/100. 32 195. 84/190. 60 <0.000 1 ***/ <0.000 1 ***
%, 3.88/3.88 1/1 3.88/3.88 7.57/1.37 0.028 4 */0.023 8 **

x; 16.02/16. 02 1/1 16.02/16. 02 31.27/30. 43 0. 000 8 ***/0. 000 4 ***
)%, 0.32 1 0.32 0.63 0.4520

X % 6.03/6.03 1/1 6.03/6.03 11.77/11. 45 0.0110 */0.008 1 **

X, % 5.13/5.13 1/1 5.13/5.13 10.01/9.75 0.0158*/0.0123 ™

xf 0.83 1 0.83 1.61 0.244 7

3 115.96/117.32 1/1 115.96/117. 32 226.37/222.90 <0.000 1 ***/ <0.000 1 ***
3 448.04/451.32 1/1 448.04/451.32 874.62/857. 46 <0.000 1 ***/ <0.000 1 ***

Je il 2.84/3.99 3/5 0. 95/0. 80 5.04/4.25 0. 076 2/0. 092 9
s s 0.75/0.75 4/4 0.19/0. 19
pER il 732.16/732. 16 16/16

T RHRG H SBRAS 2#5 HR 5 KR Y, I B8R s TR 2 (P <0.01) 5 5 TR 3 (0.01 <P <0.05); + FREIMH

(0.05<P<0.1), T,

RS REREREVRBY, FESH
Tab.5 Variance analysis of depth of stubble breaking stability

A5 5K IR R KL H ¥i07 F P
8] 45.67/45. 67 9/8 5.07/5.71 93.92/107. 74 <0.000 1"/ <0.000 1
%, 26.72/26.72 1/1 26.72/26.72 441.86/504. 23 <0.000 1"/ <0.000 1 ***
%, 0.59/0. 59 1/1 0.59/0.59 9.73/11. 11 0.0168 /0. 010 3 **
P 13.29/13.29 1/1 13.29/13.29 219. 74/250. 76 <0.000 1"/ <0.000 1
X, %, 1.28/1.28 1/1 1.28/1.28 21.12/24.10 0. 002 5 ***/0. 001 2 ***
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Jedpl 0.28/0. 28 3/4 0. 094/0. 070 2.62/1.97 0.1872/0.263 4
ek o 0.14/0. 14 4/4 0. 036/0. 036
)%l 46.09/46. 09 16/16
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B I, PR AR R BE T8 4> MR el i, S BOKRE
BB s M AR DLAE 2R 5 — e i, RAEER Y, B & IE
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WA, Wit LU0 700 AR R 38 0, K 0 R AR 2 2
VPR, D) EI R R R A K 3E R T, (024 1E Y] 70
IR 3 K, K TR AR AR 52 1 A RS i U5
AGEA T BUK R REAR TEAF M 3R BE 5 K FE T IEY)
INE VA BAE R, R KFER Y, R
SERENUE L R B o SRR L 3 B R 3. 6 km/h |,

28 b R AETRIE 5 K AE T IEY) 704 9 1 9 58 A R
IO B AT B 11 TR Y K 3T IE V) ) WY —
Wh, KAEH Y, WEE 28 VR BE 38 i 2 5 38 i )
Wl /N B B SR A A K AE VR B AE 72 ~ 84 mm {5 [
P 5T R R JCHE TR B 45 /N B AR AN i 5 4 M 1 B
FHORAEVRIE BN, A5 T80 2 1A, KAE R T}
B, YK AE TR B KA AR 5 i B, B BORFE R
BEAR ; 2428 bR FE TR — s B, RAER Y, i %5 15 V)
J1 ¥ V) A 0 1 0 5 50 10 e 1 A B A OE
PIJIME VI fAE 4° ~ 7. 535 BN s fE 28 B RFEIRIE S
RAETIIEYI I1 Y f 1 38 HAE b, 32 2552 ) K 38
RY, MRFE LKA T IEY) I WY .
FREREREE R Y,, Y RKIETTEYJ]
TV Al SO FEBLAE L TR B 55 28 1 K R B 58
A e R il A0 1e FToR, 428 BOKRE IR I —
BF, K AEVR BE R e M R B Y, B A ol o B ) 18 i
Ul R B S AR L AR 1.8 ~ 3.3 km/h {5 [
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(d) x,=80 mm
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Fig. 11
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76 ~ 100 mm 35 [ N, J5E R 2 24 K R B 1S i st )
R V) - SR B LB 2 3, BE AR AL LR B, DA i 4
K AER ARG REGIEE L B 5 28 B ORFEIR
JEW R BAE R, BB KR ERE R Y,
M R R R LA L 33 B . 28 | KB JE 80 mm
I, BEMLAE L 8 B 55 K 7 ) 1E V) 70 v D) £ 10 58 HAE
FH w5 i T A B 10 R YRR ALAE ML R — S B,
RALRETGE T R B Y, FiE K2E T IEY) 71 U144
B 5 5 0k B B 0 DE V) 70 W U0 fA AE 4.5° ~
10°38 Bl P9, J5 RS2 B 5 16 D) 20 W D10 s 388 i, K #E )
X AR A 00 Eh R DD AR S 3o U S0 3 DR A, AT 42
e KRR R E P R B Y KA T IE Y 7] W Y f —
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Bl P 5 e ARl o B 55 2K 34 D0 1 Y1) 70 18 VI 16 58 B AE
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3.4 SHMRUERIEKE
3.4.1 =¥tk

X AR AL S B Ak i H A 2 AR B T i S 50
B B RORE FE 3R o UL JCRE 3 TR IR B I e e
XTI 1T A4 > e iz Y 23 A, BT Design-
Expert 8. 0. 6 {4 Hp (1) O A0 A He el [l I 485 78 3F 47 5K
fiff, MRAE SE PR AR S S R AR A AL Jy B 45 21 | ik

Response surface analyses of prototype test

E IR R AR SR
maxY, (x,,x,,x;)
maxY, (x,,x,,x,)
2.8 km/h<x,<4.5 km/h
s. t. 70 mm<x, <90 mm
3°<x,<8°
X HSEOIEAT R A, SRS R FEHLAE
LA 2.8 km/h, 28 FAKFEIRFE 84.9 mm, K] IE
YIJIH Ul f 6.5°, omk 3 ie B AL B 5 K FE R
93.26% , KA IRE R ENE R ECN 95.25%
3.4.2 EuRilEn sy
LAY S5 R FEALIE BETE br 5 LA L SEHLE
XF A RN 6 Fion o ARHLI S B & I FE O R AL
VEMP B B2 A 2. 8 km/h, 28 FOKFEIRFE 84. 9 mm, K
JIEDI T U1 6. 5° B REHL S B B Oy B kR 2
PEAT B AR M, AR )X 6 2% 1 B A i il S WK,
LR B E

F6 WIFRXEHER

Tab.6 Results of verification test %
FEMLIR 56 45 R 93.11 94. 89
A& G T AR MBI 90. 06 91.55
Z: IR AR bR =86 =90

2% 6 10 45 R A] 1, 5 1% Gt O TR AL L H Bl
HL 2 BRFE AR A EG , BT 19 TR A K AE BIL B KA 2R 4y
AR 3.05% 1 7. 11% , R4 1 B R s 1k 2 504 )
FEE 3. 34% 1 4. 89% , 5 FHIE R R 73 Hr 45 R — 5 H.
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