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Study of Coaxial Counter Rotating Rotary Tilling System at Front Rotary Type Compact Walking Tractor
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ABSTRACT

The computer simulation of tilling force has been
conducted to a compact walking tractor that equipped
with driving wheels and a rotary shaft in its rear and its
front respectively to estimate the effect which the tilling
force having a down cut rotary and a coaxial counter
rotating rotary cause to the behavior and the depth of
the tractor. The tractor uses a down cut rotating tine that
rotates to the same direction of the driving wheels, and
the coaxial counter rotating tines that rotates on the same
shaft simultaneously. Further, an actual machine test was
conducted to examine the correlation between the
estimation and the test result. It was demonstrated that
by using the coaxial counter rotating rotary, the effect
not only stabilize the behavior of the tractor but
accomplish twice the depths of a normal rotary’s can be
obtained.
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Fig. 1 Rear rotary walking tractor
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Fig. 2 Front rotary walking tractor

Balance weight

Fig. 3 Turning position of rear rotary walking tractor
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Fig. 4 Front rotary walking tractor with up cut tilling

Tilling reaction
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Up cut tilling
reaction

\ Down cut tilling reaction

Fig. 5 Front rotary walking tractor with coaxial
counter rotate tilling
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Fig. 6 Tine layout of down cut tilling

Fig. 9 Simulated result of coaxial counter rotate
Fig. 7 Tine layout of coaxial counter rotate tilling tilling reaction
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Fig. 10 Six components of tilling reaction
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Fig. 11 Moment of tilling reaction and gravity moment
on the ground contact center of tires
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Table 1 Comparison of moment of tilling reaction and
gravity moment

I((m) [A(M)| W | Mw(Nm) | Rotating direction | Mx | Fz | Mu [Judgment

Down cut 51 [380(183| Mw<Mu

0.347/0.18 480N 86 -
Coaxial counter

rotating 11 |180| 73 | Mw>Mu
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TablelD MwO MuOOOOOOO000O0O00000OO
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Mmomooooooooon
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Table 2 Estimation of tilling depth

Mw (Nm)| Mu (Nm)| d (mm)
Down cut 86.4 183 56.7

Coaxial counter rotating 86.4 73 142

goboboboob 2500000000

uobooobooodon

gboboobobooboobooooboooooooboooboon
OOCOCOOCOOOOQO Table3 OOOO

3.1. 00000

gbobob MzO xOOOOOOOOOOODOOD
OO0OFg.800 Fig.9 OO MzOODOOOROOOOO
Table4 O0ODO0O

MzOOOOOOOOOOOOoOooOoooobooooo
gbooooooooobo

0O 1480



gbobobooooobobobobooobooooboobobobobo

—

7

W1 W2

Fig.12 Explanation of Table 3

Table 3 Specifications of test machine

w1 249N
w2 231N
D1 280mm
D2 400mm
L 0.347m
H 0.160m
b 40mm
B 450mm
Vehicle speed 0.15m/sec
Tine rotating speed 130rpm

Table 4 Fluctuate ranges of yawing moment and

side force

Fluctuate
Max | Min range
Down cut 35Nm | -24Nm 59Nm

Mz
Coaxial counter rotating | 20Nm | -25Nm 45Nm
Down cut 150N | -150N 300Nm

Fx
Coaxial counter rotating | 100N | -160N 260Nm
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Table 5 Test result of yawing stability

Soil hardness 12 17 22

Down cut O AN X
Coaxial counter

rotating O O O
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Table 6 Forward element of tilling reaction (average)

Fy
Down cut 120N
Coaxial counter rotating -65N
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Fig. 13 Travel reduction versus soil hardness
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Table 7 Estimated tilling depth

Tilling Depth
Down cut 56.7mm
Coaxial counter rotating 142mm
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Fig. 14 Tilling depth versus soil hardness
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Table 8 Fluctuate ranges of rolling moment

My
Max| Min |  Fluctuate range
Down cut 20 | -25 45
Coaxial counter rotating 12 | -16 28

Table 9 Test result of rolling stability
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Fig. 15 External view of FF300

Table 10 Major specifications of FF300

Soil hardness 12 17 22 Items Specifications
Engine model name GXV57
Down cut O A A Engine type Air cooled 4-stroke
Coaxial counter OHYV single cylinder
: O A A — .
rotating Engine displacement (cm?) 57
Maximum power (kW) 1.8
Rated power (kW/rpm) 1.0/4 000
Maximum torque (Nm/rpm) 3.0/4 000
Compression ratio 8.0
noouo Minimum specific fuel 354
consumption (g/kWh)
dddddddddoddodoododoooooooao Fuel tank capacity (cm®) 1100
00000000000000000000000000 Overall length (mm) 1465
i 4
D0MOO00D000000000 2000000000 Overall width (mm) 05
Overall height (mm) 1010
gbobobobobobobobuobobooboo Dry weight (kg) 50
ooo00oO0ooOOooooboOoboboooood Tine speed (rpm) 131
00000D0000000000000000000 Tilling width (mm) 450
D0000O000000000O0000n Tine diameter (mm) ¢ 280
Starting system Recoil starter
obmoooboooboooboobobuoobobooo Main clutch type Shoe clutch
ooooooooooobooooooooooooa Transmission speeds 3Forward, 1Reverse
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