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Design and Experiment of Combined Tillage Implement of Reverse-rotary
and Subsoiling

ZHENG Kan HE Jin LI Hongwen ZHAO Hongbo HU Hongnan LIU Wenzheng
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; Considering most of the present combined machines of rotary and subsoiling usually place
subsoiling components in front of rotary components, without the research of interaction between these two
working components, based on the interaction between subsoiling and rotary tillage components, a
combined tillage implement of reverse-rotary and subsoiling for deep ploughing was designed and
developed. The overall implement aimed at deepening the working depth, improving the working quality
and reducing tillage resistance, with focus on the interaction research of the process of rotary tillage and
subsoiling components. Whole implement parameter was optimized by discrete element method (DEM) ,
orthogonal experiment and finite element analysis ( FEM ) simulation. As indicated in the results of
simulated orthogonal experiment, working quality was the best when operation speed was 1.8 km/h,
rotary speed was 350 r/min, rotary blade type X was IIT195, in which case particle amount of heap soil
quantity was 5 283, straw coverage was 98. 37% ; the results of DEM demonstrated that the strength met
the working requirements. Field test based on optimal parameters showed that rotary tillage depth was
182. 8 mm, subsoiling depth was 388.4 mm, surface flatness was 18.3 mm and soil bulkiness was
17.22% for the combined tillage implement of reverse-rotary and subsoiling; rotary tillage depth
stability, subsoiling depth stability and straw coverage were all beyond 90% , which completely met the
soil preparation requirement in deep layer. Compared with combined subsoiling and rotary cultivator, this
combined tillage implement of reverse-rotary and subsoiling had better consistence of working depths,
higher vegetation coverage and the tillage resistance was reduced by 16.21% under qualified working
quality, and it had high working stability and reliability. The development of this implement can provide
reference for deep layer cultivation and tillage resistance combined cultivator in arid areas of North China.
Key words: subsoiling; rotary tillage; combined working; discrete element method

Wk H 3B 2016 — 11 —24 &8 H . 2016 - 12 - 16

EEWA : 2tk CRolk) BHBF% 35 (201503136 ) FiI# & #8418 1 BA Kk J& 115235 H (TRT13039)

EB B : BAL(1987—) , 5, W2k, TG fR I PEAHE R ARAE L HLELBFJE , E-mail : zhengkan0219@ 163. com
BASMER: MUE(1979—) 55, 80%, [ LAE 00, EZNFRYEEBHEDTT , E-mail: hejin@ cau. edu. cn



62 & ol HLOM ¥ R

2017 4

5l

F H B Al 0 3 B A i SRR R R
Wede AR P R A E IR B
B R AR U TE 3 B S PF R — WA B AT 52 1B
RS MBS 05 T i B0 % AR A R ok, B A
A5 V2 o AL L - 98 PR % g 1 R 2 s L LA
bk FR A RORE B R A b R AR S R R AR
K, Wt 7 T [ T 2Rl Sy AU G 5 L 1 B A
LB EL IR Al B A LA 42 J8 D5 1

TR e B 196 45 2 WL SR I IR A8 L T 0F T 004 0
FOAR , TAERS (5 B AN R ) R, R
HTRAE TT 4T 8 U B 9 AR 2 K R R R B A
WIR AR A KRR, A TR R R R
BT LR AN B I S5 R A B T BV R 4Ty
7 AR D25 B 7 5 e B T 1R e - R T R, £
JG e AR M TR L B R A B X
TR 3 2 45 7 X E B 0 o T L E B 3
RN K A Ky RE 2R B SR, AR O B R

1715

il

FATERE 1B & V5 b L 73 D« TR Al e AF 1C 45 8 3t A Ml
BL™ TR B AR 22 006 G MM BIL Y L I R S A
AL o AE VR S BE BRI A R LB 5
A, 22 S TRAR TR A I L RE A R A A A
B2 1A TARRAE AR 2Z 18] A9 AR B 52

ARSI T TR TR A e B P R ol 3 A 52
AR AR A B OB R B g D BT
FUbs , Bt — i J 7 AR A6 P B 4 RS #F 38 H Y
SR GRAS RS AR B B, o 3 1 TR = MR AR B
WA BEE LR A B TR IR S

1 EBENLSHETERE

1.1 BNEHSEEENSHY

B GRS R 5 A5l B A BIL bl 4 47 L = B 4R 4
e, T E BB R R DR FR A B O A B
B BRIAHE 1 R B A A AR L, AR L R
N o AL AT I RO HE AR HE AR bR AL R A A
M TREE , — AR AT 58 JREBE TR A R 45 22 T T
¥ HEZSHME P,

1285

BT e A TR A A Ml B A L2 4 1 P

Fig. 1
LERHRaE 2 RASERME 3. PR 4. BUESR

Sketch map of combined tillage machine of submerged reverse-rotary and subsoiling
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Tab.1 Parameters of combined tillage implement of reverse-rotary and subsoiling
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Fig.2  Operation processes of two kinds of subsoiling rotary tillage combined structure
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Fig.9 Finite element statics analysis of subsoiler
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