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Prediction Model of Double Axis Rotary Power Consumption
Based on Discrete Element Method

HU Jianping ZHAO Jun PAN Haoran LIU Wei ZHAO Xingsheng
(College of Agricultural Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; In view of the high power consumption of the double axis rotary cultivator, it is difficult to
carry out research on drag reduction and consumption reduction only by the method of field trials because
of the complex structural parameters and the high manufacturing cost of the equipment. Based on the
discrete element method, a biaxial rotary tillage — straw — soil tillage model was constructed, the influence
of biaxial configuration parameters on power consumption was studied, and a mathematical prediction
model for power consumption through response surface test analysis was established. The optimization
results of the model showed that the gyration radius of the front and rear tool shafts was 195 mm, the
vertical distance of the rear shaft relative to the front shaft was 99. 8 mm, the horizontal distance of the
front and rear shaft gyration circle was 100. 6 mm, and the minimum power consumption obtained was
9.018 kW. In order to verify the accuracy of the power consumption model, under fixed operating
parameters, a full-scale simulation test and a field test were carried out. The test results showed that the
field test power consumption of the real original scale rotary cultivator and the simulation value of the
whole machine were 9.5% , and the range was 5.8% ~ 13.4% . Combined with the response surface
analysis, it was showed that the mathematical prediction model of power consumption was more accurate,
indicating that the error of rotary cultivator model was small during the scaling process, and the model can
accurately reflect the influence of the dual-axis configuration parameters on the power consumption of the
double axis rotary tiller in the rice stubble field.
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Fig.1 Schematic of double axis spatial arrangement
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Tab.2 Material parameters

B 5 4 Bl

WE FE 0.6

4 S PR 48 DR K 0.6

B JEE 5 R B 0.05

VR 0.3

FEFF 5 AR AR A 48 DR B 0.3

B A 48 DR A 0.01

R 0.5

T SR T FE 45 1R 5 0.5

B E 45 R 5 0.05

R 0.35

B2 4 i 4 R B 0.29

R filke B R 8 R A 0.1
280 S 0.35
AU ) 4 4 R 5 TR B 0.32

B FEE 5 R B 0.18

VR 0.4

T = PR 5% R B 0.25

B JEE 5 TR B 0.14

R 0.3

ENCES PR 988 DR B 0.5

B R 5 R B 0.3

WE ZE 0.3

FEFT S5 HE AT i JEE 982 DR 4 0.3

B JEE 5 TR B 0.01
KigE NI E/(N-m ) 5.00 x 10’

|y =a o Il S K 25 )i J) /kPa 37.2

Hi 44242 /mm 11.63
g R -3 7

ey MR/ (Nem 0300 10
¥ AL JZ 4 Il 5K 25 )i J) /kPa 42.1
K422/ mm 11.78
KE4ERIE/(N-m =) 5.00 x 10’

M o = o I 4l 25 13 11/ kPa 47.3

A4 24/ mm 11.78

2.3 EEBMNEES BT ESTER

09 0 A a2 R B G B A R A A
20 B BORLRE A2 1 B 20 mm, FEAR O fR7 SR ER 1A
Bt R AR B B R A A B, S W, K
FEUCER AL BE T (% FF 5% 78 K B2 2R A — 30, SE 1 249
6 cm, ASSCH] 23 A2KA2 % 2.5 mm (BRI B FE
R ALK 54 AT R 1 s A 07 ZOBE AL, e 3 4
No

76 F IR o )25 3 2, b B L2 R
FEVEE 7 10 em, BURJZ SR E N 8 em, O L2 JE
FEVEE 9 5 om, - HEE R HLT 3E D7 1) 1 9 K

3

3

(-10,10,10)
2

T
q\\\\\“‘ e

y \-7(1()Almm

/

/20 mm

/

/

l“—l(L—l()AI()iY/

7(10,10.-10)
/’/
/
/
/ 20 mm

~/(10,-10.-10)
B3 4 B A e UL A Y
Fig.3 Simulated soil particle model

4 FHFF B BoTRi R
Fig.4 Straw discrete element model
2000 mm, 75 )% K 1 100 mm, %% )2 2 [8] % F Hertz —
Mindlin Jg {5 gl £ fl B B #5 A1 2 /9 98 B2 2 700 mm,
JEEEN 4.4 em, T B AT MORLAE B 56 %6 B 2 kB
B R A R R L IERET N S R .

5 AL HRFTRHER
Fig.5 Simulation soil straw tillage layer

LEFZ 2812 3.8KE 4012

HY T B BILAE A 2 508 % s, BeRF LI A S
JREBEHLIE S B AE LU , BT LLAS SO T 12 8 XUl E Bk 19
D5 EAEAUCR  TE AR UE (I B A R R4 T, 3l i 55 2%
fal L HL2H 2 *@E@ﬁfﬁéiﬁiﬁﬁﬂo

W XU e B AILAE Y AT T AL, J S e T Al

JE B A 100 cm, H mﬁm%}méﬂ\iﬂ%wﬁ?@w
PARAE AR o BERFBILE J1— M b 42 5 | H B L 1) Bl
I3k B R At i LB g i R — o o 3
$4.540 720 .760 v/min, A C¥EF 720 r/min E 30
BB AL T 2 i A 1 ) B 4 R AL A b
T‘?—ﬂﬁiﬂO 56 ~0.97 m/s. [H K07 FCHLAL Y 1 2
BB E R 0.97 m/s, JF HARPEAL 30 LuiH 3 25 28, i



BT B A T RO RO XU e B AL D) 6 B 455 2

il 1 HLE B 5% T B O 245 o/ min, Ji5 il SR L TE
B B E O 310 v/ min, BFRICE 10 em, 4
T T~ S UUh e B 11 B G R AT 6 R o

6 AT XU e B B A B oo AR

Fig.6 Straw — soil — biaxial rotary tillage discrete

element model

I [ 25 1 1 F Rayleigh i [A] 28 1 i 6 8] 25 ¢
TR BORE 4 A% I B L S5 AR E P2 80 A it
o O T PRIUEDS H A5 3 /Y AT S84, i8] 280 K i
Rayleigh I} ] 25 K (9 10% 5 J 1 PRUETH 580K 5 i
T, A SO R A% BT B R /N LB B /N UKL A A2
3 4. D Hit RS R E S Us , TR 5.

3 HEABRITEERSW

I8 e E BT U Bl (0] B A R, S 0 Bl el B A2
R, J T Al e L R OGE I T ARG B LR L, AT S
il 101 52 199 K S B B L, 4 S S0 O XU e B G B 2
B, 3 Fron, LLRFEAE i B 46 45, 32 ] Design-
Expert #({, 5k Fl Box-Behnken J7 3k #4715 Bt
®3 WHEEXESHRKE

Tab.3 Key parameters and levels of double axis
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Tab.4 Simulation test and results
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1 0 0 0 0 15.09
2 0 0 -1 -1 11.45
3 1 0 0 -1 14. 50
4 0 0 0 0 15.26
5 1 0 0 1 14. 42
6 0 0 1 -1 11.02
7 1 0 0 -1 13.75
8 0 0 0 0 15. 66
9 0 1 -1 0 11.95
10 0 -1 0 -1 13.24
11 0 0 0 0 15.70
12 1 1 0 0 15. 81
13 1 -1 0 0 13.45
14 0 1 0 1 15.70
15 1 0 0 1 15.49
16 1 0 -1 0 10. 85
17 1 0 -1 0 11.55
18 1 0 1 0 10. 47
19 1 -1 0 0 13.82
20 0 1 0 11.27
21 0 -1 -1 0 11.12
22 0 0 1 1 11.61
23 0 0 0 0 15. 67
24 0 0 -1 1 11.72
25 0 1 0 -1 15.03
26 1 0 1 0 11.01
27 0 -1 0 1 14. 08
28 1 1 0 0 15.94
29 0 -1 1 0 10. 26
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Tab.5 Response surface quadratic model variance

analysis results
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Tab.6 Error statistical analysis results of power

response surface quadratic model
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Tab.7 Field test power consumption measurement

results of original scale prototype kW
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