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Study on the Specic Tilling Energy of Three Types of the Rotary Blades

A3dnA Eafusina” S fwanm” Jana alan?
Sirisak Chertkiattipol Tanya Niyamapa"” Vilas Salokhe®
ABSTRACT

The aim of the study was to compare the specific tilling energy of blade namely
the Japanese C-shaped blade, the European L-shaped and the European C-shaped. The
experiments were carried out in laboratory using soil bin with sandy loam and clay soils
at forward speeds of 0.034, and 0.069 m/s and rotational speeds of 150, 218, 278, and
348 rpm at 11.3% (d.b.) moisture content of soil under down-cut process. Moreover, the
effects of rotational speed of rotary blades, forward speed, tilling depth and dry bulk
density of soil were also studied. For all tested rotary blades, the tilling energy in clay soil
was higher than in sandy loam soil. For the Japanese C-shaped blade in sandy loam soil,
the specific tilling energy at 1.19 g/cm® dry bulk density of soil was 2.6-11.3% higher than
at 1.01 g/cm® dry bulk density of soil. The tests of all rotary blades in clay soil showed
that the specific tilling energy increased with increase in the tilling depth from 12 to 14
cm. In case of the tests in sandy loam soil at 1.01 g/cm’ dry bulk density of soil, the
average of specific tiling energy requirement of Japanese C-shaped blade was 2.0-4.0
and 1.0-1.9 times higher than the European L-shaped and European C-shaped blades,
respectively. For the experiments in clay soil at 1.01 g/cm® dry bulk density of soil, the
specific tilling energy requirement of the Japanese C-shaped blade was 2.8-2.9 times and
1.4-1.6 times higher than the European L-shaped and the European C-shaped blades,

respectively.
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l ._°. R, 1 = 7kw electrical motor 6 = magnetic pick up
The rotating shaft . ,, g 2 = reduction gear box 7 = test rotary blade
E % o". 3 = 0.7kw motor electrical motor 8 = inverter
. 4 = driven shaft 9 = soil bin

5 = driving gear

A5 Rail ways B On/off switch
Guide rack rails r?
8
» 9 L

EF"E@ @,f @:FP-

Figure 1. Schematic diagram of laboratory soil bin

Rotational direction
of rotary blade

Direction of ftravel Unit (mm)

Japanese C-shaped blade European L-shaped blade European C-shaped blade

O = centre of rotary shaft is on the plane of position of tip blade

0 = centre of rotary shaft is on the plane of lenghthwise blade position

TB = position of tip blade

R = rotor radius (21 cm)

O = rake angle (75°%)

w = tilling width of tested rotary blade (cm)

Figure 2. Rake angle and the installation of rotary blades on rotary shaft
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Figure 3. Schematic diagram of two
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<Trave|ling Direction |

Tip blade positions: a = 0°, b = 90°,
c = 180° d = 270°,
e = 360°

Figure 4. Diagrams of the tilling process
and the position of blade tip

Remark: In case of the European L-
shaped blade and the European C-
shaped blade, the rake angles at tip of

blades () were also maintain to be 75
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Japanese C-shaped blade

European L-shaped blade
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Direction of travel

g1

-
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bl LT 1T
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European C-shaped blade

Figure 5. The photographs of tested rotary blades in tilling process
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180 7 Japanese C-shaped blade 71 Zuropean L-shaped blade 1 European C-shaped blade

160 150 pm 0069 mis  {i50rpm 0069 mis {150 rpm - 0.069 mis
1401 00034 mis ©0034ms - ©0-0.034 mis
120 1 i

100 1

180 71 Japanese C-shaped blade T European L-shaped blade ] European C-shaped blade
1607 218 rpm -o-0.069 m/s 1 218 rpm -0-0.069 m/s 1 218 rpm -o-0.069 m/s
140 1 -0-0.034 m/s 1 0 0.034 m/is A -0-0.034 m/s
120 1 ]
100 1
80 1
60 1
40 1
10 -

1801 Japanese C-shaped blade | European L-shaped blade ] European C-shaped blade
1601 278 rpm ©0069m/is | 278rpm  €0.069m/s ] 278rpm - 0.069 m/s

140 - -0-0.034 m/s 1 i 0-0.034 m/s ] ] -0-0.034 m/s
120 A 1 1

100 -

Torque {N-m)

180 7

Japanese C-shaped blade ] European L-shaped blade ] European C-shaped blade
1607 348 rpm - 0.069m/s | 348 rpm| €0.069 mis  |348 rpm  -e 0.069 mis
1401 00034 mis | ©0.034mis | | ©0034mis
120 1 1
100 1

0 90 180 270 3600 9 180 270 3600 9 180 270 360
Rotational angle (degree)

— Clay, 1.01 g/cm?3, 14 cm tilling depth, 0.069 m/s =+ Sandy loam, 1.19 g/cm3, 12 cm tilling depth, 0.069 m/s
-O- Clay, 1.01 g/cm3, 12 cm tilling depth, 0.069 m/s 4 Sandy loam, 1.19 g/cm3, 12 cm tilling depth, 0.069 m/s
-®- Clay, 1.01 g/cm3, 12 cm tilling depth, 0.034 m/s

Figure 6. Characteristics of torque acting on a rotary shaft of Japanese C-shaped,

European L-shaped and European C-shaped blades
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1207 0.069 m/s 4
1007 ' 150 rpm -
807 1 R Clay
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0.069 m/s 1 0.069 m/s
150 rpm | i 150 rpm
Clay

Rotational angle of tip blade (radian)

Where as;

—_

© 0 N O O b~ W N
w K W K K w W W
1

1-9 = torque function

y = torque (N'm)

]
1}

rotational angle {radian}

= 42.912x - 56.396x" + 15.986x + 3.3012; I = 0.97

= .0.4834x +5.0078x - 4.6814x - 88.123x + 227.34: r'= 0.96

= 2524.84x - 17,526.27x + 40,278.25x - 30,581.57; = 0.89

= 2,671.46x" + 46,379.87x" - 300,680.79x" + 863,133.83x - 926,051.12; 1" = 0.91
1,859.80x" - 26,011.47x" + 136,344.69x" - 317,448.96x + 277,009.58; 1 = 0.86

= 473x - 16.06x + 18.07% - 7.51x + 4.30; 1 = 0.76

= .20,593.00x + 167,183.40x - 504,977.58x + 671,737.92x - 331,448.51; 1’ = 0.97
= 18,661.32x - 184,961.85x + 686,570.87x - 1,131,151.21x + 697,931.19; I’ = 0.85
= 392 - 76.11x + 546.75x" - 1,722.05x + 2,013.15; ' = 0.82

Figure 7. The torque functions of Japanese C-shaped blade (a), European L-shaped

blade (b) and European C-shaped blade (c) for calculating tilling energy
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Tilling energy

Figure 8. Tilling energy used by Japanese C-shaped blade (a),
(b), and European C-shaped blade (c) at 12 cm tilling depth
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Figure 9. Gras of specific tilling energy per a tillage round of tested rotary blade
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