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Design and Experiment of Key Components of Rotary Cultivator
Based on Vibration Reducing Resistance Principle
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Abstract; Aiming at the problems of large cutting resistance and high energy consumption when working
on rotating monomer of traditional cultivators, the key component of rotary cultivator was designed
according to the method of vibration reducing resistance in agricultural machinery design. The motion
equation of rotating monomer was established, and the analysis of reducing resistance was done. The
analysis can provide theoretical basis for the design of the rotating monomer. For the study on
performance of rotary cultivator, the quadratic regression orthogonal rotation combined design was used for
the experiment. The forward speed, spring stiffness coefficient and rotational speed of knife were taken as
the influential factors, the rate of broken soil and the power consumption were taken as test indexs, and
the test was conducted in the indoor soil bin. Through the variance analysis and response surface analysis
by Design-Expert software, the mathematical model between influencing factors and response indexes was
obtained, and the mathematical model was optimized and validated. The field test showed that when
rotational speed of knife was 247 ~268 r/min, forward speed was 0.5 ~1.0 m/s and the spring stiffness
coefficient was 11.39 ~ 15.16 N/mm, the rate of broken soil was 91.3% ~ 92.9% , the power
consumption was 1. 55 ~ 1.90 kW, the result of contrast test showed that the vibration can effectively
reduce the operating power consumption of the rotating monomer, compared with the traditional device,
the results showed that the vibration rotating monomer can reduce the power consumption by 32% . To the
optimal level combination of field experiment, the rate of broken soil was 92.8% , and the power
consumption was 1.95 kW. The results showed that the vibrating rotary monomer can meet the
requirements of operation technology of cultivator. The research result provided important theoretical and
technical reference for the improvement and optimization of the key components of rotary cultivator.

Key words: cultivator; rotating monomer; reducing resistance and consumption; vibration; experiment

WS F 0T . 2018 —09 —28 & 6 H B . 2018 — 12 — 28

EETE : [65 T A5 % R H (2016 YFDOT01905 ) il I g 1145 1 i R B 55 5 FF % #1-40 T A 91 H (GA16B301)
FEEM AT F W (1991—) 3 Wb/, 88 39 A M DL BF 5 , E-mail: 15776640216@ 163. com

SRR N (1969—) , U5, k2, 1014 50, 5 E I 6] 4 Ml LA BF 5 , E-mail : fizhou@ 163. com



36 & ol HLOM ¥ R

2019 4

0 3

HOBE AR b T 4 7 A AR B R I R B
b AR PR AR 2 R LB A b IR R L
L R b SR PR B AT B R S AR
UYL AR TAES R S SR R R
S o Bl KN e e 5 7 B B AT B AR L
T TR A B 1 T AR RO (EAE s T
A BRI K BT ARG L R A B 2 Y
g L R R T RS B BRAR G 4 I BOR B - 3
06 000 7 3 0 L A o 4 (R et R
AT e v B B TR R R 2 TR S A T
AL AT N A B T 4L W Y R A K R 8 4
2 o s, T R T, G LA R A R
PEBE; BB IR AR E R AT, A B8
LR TE AR R 25 B b R AR (), T
T R4 S v L Bl e 5 A R A S o X G
FRARR A PSR TR E M R, AR

il

(a) EHLH

DA i 38 4 1482 ey R A ol it Oy = T )
DIHIBE 3 FRERE T 1T AT ST, (] A 0 A 4108

R B T kT R AR LB B T R g
B2 o AR SCAE 2 4k 3 e V) BEiE , 78 B e 5%
PEBL LA B T A A AR A, (AR i 5 Ay
JEAR Bl F 58, T8 O L3 B 4R Sl DT HIAE AT, DU ik 5
ol FHL 3 #E /Y H A9

1 EBENGHETERE

1.1 EHEH

PR LA I 1 R, B h s
i Al BLSE CHLRE AR AR R AL B R AL kBl
BEHE AR B R S AR 2 . P 3 0 i A il
R Ao ol R A 11 2R T L AR G U, H R AL R A el Uk 2
3 59055 3 7 i A Bl e TR] b A OB 2 4% B R SR
EAE (6]l RS R 2 8] B AR SR U R IR
W 25 AE HL AR5 D7 s 2 b, LAl 3 A 1) 0 LA

g P37 AN [ £ 22 B AR
6 7
I
=) & A
(b) (i

1AL LA M
Fig. 1  Structure diagrams of prototype of cultivator
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Fig.2 Kinematic analysis of rotating monomer
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Fig.4 Force analysis of soil-broken knife
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Tab.3 Experiment design and results
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Tab.4 Variance analysis of regression equation for power consumption
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Tab.5 Variance analysis of regression equation for soil broken rate
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L7 31.4/31.18 9/6 3.49/5.20 9.41/16.48 0.0002 "™/ <0.000 1 "
X, 4.76/4.76 1/1 4.76/4.76 12.83/15.08 0. 003 3 **/0. 001 3 **
E2) 8.64/8. 64 1/1 8.64/8. 64 23.31/27. 41 0.000 3 "™/ <0.000 1
X3 11.46/11. 46 1/1 11.46/11. 46 30.91/36. 34 <0.0001 "™/ <0.000 1 "
x 0.02 1 0.02 0.0555 0.8180
x5 1.44/1. 44 1/1 1.44/1.44 3.88/4.56 0.0704 " /0.048 5"
x% 3.11/3. 11 1/1 3.11/3. 11 8.39/9. 86 0.012 5 "/0. 006 3
X%y 0.13 1 0.13 0.34 0.5714
X% 1.81/1.81 1/1 1.81/1.81 4.87/5.73 0.0459"/0.029 3 **
Xy X3 0.08 1 0.08 0.22 0.6499
T2 4.82 13/16 0.37/0.32
2 L35 2.8 5/8 0.56/0.38 2.21/1.49 0.1521/0.2915
aiiRzE 2.02 8/8 0.25/0.25
FIF A5 T 36.22 22/22
Bt R ) 58 LT e, e, LT SO 1Y) KO )L ) #6 FARMEMERMTHE
AL 1 o T 0 S ) B B 38 L 0 X, %5 i 4 & Y, 5% Tab.6 Contribution rate of factors to each index
WA 5.3 (P> 0. 1) o 465 A% 35 19 5 A 730159 o] i A & I
VHSF-J7 A K B | R O B 25 T, T s P AT T 25 . o - -
B 45N S B o 18 B4 P3O TR 3R Y, L e

1 18] )3 5

Y, =80.41 -9.77x, +0. 12x, —0. 008 8x, +

0. 52x,x, —0. 000 2x; — 0. 023 (23)

XF bR B 7 BT R ARG 5, a3k S s,
Hrp P=0.2915, A3 (P >0.1) , IEMI A A7 12 H
b2 e 45 B 1) 2 AR 1R R A A R R A A
BEM IRER,
4.4.2 5 HUDRZ )45 T RE 48 bR i S IR o AT

2 JE B 50 48 bR Y 815 7 FE O 2 on AR R
R, PR SR PR 2R o7 R 30 00 1 5 45 PR 3R 0 i 6 45 A
R AR MRAE A A R — I, ik
TR A8 HLIGUXE BE ) F AR (F; JF F00F ) SR 1158 5Tk 5

0 (F<1)
8= 1 (24)
[1—}7 (F>1)
A e—— R HE bR TTik R
S A4~ PR 2R X i s 9 T kR
A, =3, +—2 (8,+6;) (25)
Arp 6 —5 j MR- RI TRk R
8,55 j PR R I ST R

8,— 5% J A~ R 28 LI BT MR &
MR AR (24) L (25) , 5K & D HEF TR
TR, S5 R a3k 6 i , & R 2 X0 VR D #E DTk R
H R BN/ Wy T % A 1 BIL i iR 9
JE 5 2% PR O 1 4 32 BTk % el KB/ IRy i 35 W

J&ETTER e B R R
4.4.3 25 PR RE A bR 2 AL 23 b

i of Design-Expert 8. 0. 6 %K 4 XF £ 45 4k ¥, iz
FARH L T TR 5 43 A 2% R 28 0 8 = S RNl D #E 1) 52
Wi, 385 [ E 3 AR LA R R, A
b W A4S B2 XA M 38 B 5200

XFTAENLIIAE Y, , Y AL A& H 2 R 0.7 m/s
R, 70 R P 3 R 5 S ) 88 S T A PR w7 T T 12
Ji7R o 241G — g I AR Zh A Y, BE A S NI
JEE BT i), dwe PG 59 2 L AE 10,9 ~ 17. 8 N/mm
Z AR5 2 R — e I AR Zh AR Y, BE A )R
T P 14 0 TR 2 4, B UG R ) R B s AE 230.5 ~
269. 5 r/min Z 0], 7E JJ 5 5 R 5 3 N RE Y 52
AR, EER WA A Y, BB R 2 TR

89,0

17.8
155" T2695
5”"@? 132 2500 g
fé/“ 10.9 230.5 il s
"y, 86 211.0 \}5‘“ 2

P12 Al Sl AR XL PR 2R ) e T
Fig. 12 Two-factor response surface for power
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Tab.7 Validation and comparison test results
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