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SUMMARY
(FEQoFE)

I. Title of Study

Development of an Energy~-Saving Rotary Blade for Farm Tractor

II. Objectives and Necessity of Study & Development

B Objectives of Study
Development of an Energy-Saving Rotary Blade for Farm Tractor

1. Objectives of Study & Development
1) Designs of Rotary Blade & Manufacturing of First prototype
- Designs the most energy-saving shape of rotary blade through analysis of
the factors affecting the rotary tilling load, and determines the most
energy-saving arrangement of rotary blades.
2) Analysis of Existing Rotary Blades & Further Study for Their Improvement
- Performs an analysis of the performance and specifications of conventional
rotary blades in order to idenﬁfy possible unknown errors and shape
problems, which will be reflected in the design and development of a new
rotary blade.
3) Development of Foreign material-Winding Prevention Device
- Examines alien substance, such as weeds, that tend to wind around
rotary blades or the rotary shaft at time of rotary tilling, and develops a
device to prevent alien substance from winding around blades.

2. Necessity of Study & Development
1) Technological Aspect



o In the year of 1998, there were approximately 160,000 tractors at work
around the country. Most tractors are commonly equipped with a
rotary for farm operation such as tillage operation or soil preparation.

o There are 18 rotary suppliers, 11 manufacturers and 5 rotary blade
makers currently around the country. However, they, most of them
small-to-medium sized companies, have yet to establish basic and
fundamental standards and criteria for the design and manufacturing of
rotary blade, reporting great difficulty in their effort to develop a more
innovative rotary blade.

o This study therefore aims to; develop an innovative energy-saving
rotary blade by way of identifying and improving the problems of
existing rotary blades through a kinematics and shape analysis of them;
determine the most energy-saving arrangement of developed rotary
blades; and develop a device to prevent alien substance from winding
around blades at time of rotary tilling so as to eliminate the waste of
required energy and labor power.

2) Economic and Industrial Aspect

o The establishment of standards for the design and manufacturing of
rotary blade can provide a basic foundation for future study and
development on rotary blade.

o The constant increase in oil prices requires to change the shape of
currently conventional rotary blades and determine the most energy-saving
arrangement of rotary blades. By doing this, farm production costs can
be reduced, e.g. by reducing the cost of energy required for rotary
operation

o The development of a foreign material winding prevention device which is
equipped on a rotary may lead to an annual cost reduction, e.g. by
reducing the washing and maintenance time taken after operation.

3) Social and Cultural Aspect
o The reduction of the energy required for rotary tillage can lead to
reduction in the nation’s farm production costs, ultimately enhancing the
competitive price of farm products.
o The establishment of standards and criteria for the design and



manufacturing of rotary blade can provide a basic foundation for future
study on rotary blade. The developed standards and criteria can be used
for rotary blade manufacturers to establish their own criteria and diminish

unnecessary waste of human and material resources.

Ill. The Results of Study

1. Study & Development Results

The purpose of this study is to develop an energy-saving rotary blade by way
of identifying and improving the problems of conventional rotary blades through
kinematic and shape analysis of them; and determine the most energy-saving
arrangement of developed rotary blades; develop an additional device to prevent
alien substance from winding around blades as well as check soil attachment to
blades at time of rotary tilling so as to eliminate the waste of required energy
and labor power. The results of this study are summarized as follows:

1. A mechanical analysis of conventional rotary blades was conducted to see how
a rotary blade acts upon the soil 4t time of rotary tilling. Rotary blades of a, b,
¢, d types produced by domestic manufacturers were selected on a random
basis for the kinematical analysis of them. As a result of the analysis, The

critical A values of each rotary blade’s contact with the soil were shown at

3.29, 3.36, 3.86 and 3.12. At each critical A value, each rotary blade showed its

highest amount of contact with the soil at e and f parts.

2. The manual type soil hardness tester is not well suited for accurate
measurement of soil hardness because of irregular penetration speed, inaccurate
penetration direction and deference of between operators. In order to improve
accuracy in measurement of sil hardness, an automated soil hardness measuring
system has been developed, which is equipped on a tractor for operation. For
soil hardness testing, it is penetrated into the soil as deep as 0.3m. When

compressive load is over 40kg, the testing is stopped and the draft shape is

_10_



taken out for the safety of the system. As a result of a performance test, the
automated system was shown to predict more accurate soil harness than the
manual counterpart.

. The tilling loads of the 4 types of rotary blades were measured for analysis of
differences in power requirement. The b type blade showed the lowest values
of specific torque and specific work at 164.72 kgf - m/m’ and 369862 kegf -
m/m®, while the ¢ type blade showed the highest values at 178.21 kgf - m/w’
and 3967.82 kgf - m/m°. The average values of specific torque and specific work
were measured at 171.63 kgf - m/m’ and 3842.48 kgf - m/m?’, respectively.

. A factor test through analysis of factors affecting the design of rotary blade
was used to compare and analyze differences in tilling load according to each
factor. The shape of side blade and the end line angle were considered as
design factors. specific work was shown to decrease by 13.76 % when the side
blade is curved compared to when it is flat. Similarly, specific torque was also
shown to decrease by 12 % when the end line angle is plus compared to when

it is minus.

. An increase in tilling load is due to alien substance that tend to wind around
blades and the rotary shaft and the soil attached to the rotary cover at time of
rotary tillage. To settle this problem, a rotary was developed which was
equipped with a foreign material winding prevention device and a soil adherence
prevention device. As a result of a performance test, the foreign material
winding prevention device was shown to be somewhat effective in preventing
foreign material winding but, in an analysis by statistical hypothesis test, it
proved little effective. For the soil attachment prevention device, it was shown
to have the effect of reducing power requirement by 11% and the amount of

soil adherence by 52%, compared to when a general was used.
. For the purpose of this study, an energy-saving rotary blade for farm tractor

was developed. It was designed to have a fixed width of 70mm, a thickness of

8mm, a hole diameter of 15mm, and a hole interval of 51.5mm. In sectional

-1t -



shape, the rotary blade was designed to be single—edged, with an edge angle of
2° and an edge thickness of 25 mm. The side blade was designed to have a
curved shape with a curvature radius of 140mm and a bending angle of 80°,
while the bending blade was designed to have a curvature radius of 75mm.
The end line angle of the rotary blade was designed to be 05° It is also
designed to allow a tilling depth of 170mm and have a maximum radius of
rotary blade of, 247 mm in order to decrease the tilling torque. SUP6 was
selected as the material for blade. The final design of the rotary blade was
- completed with its hardness of HrC 40~45.

7. As a result of a field performance test on the developed rotary blade, it showed
the effect to reduce power requirement by 8~9 %, compared to conventional
rotary blades, while its ability to harrow the soil to below Zcm was shown to
be 5~7% higher than that of conventional rotary blades.

8. Considering all results above, this study has shown that the use of a rotary
equipped with the soil adherence prevention device developed through this study
has the effect of reducing power requirement by 11% compared to when using
conventional rotaries and that the power requirement for rotary tilling was
measured 8~9 9% less when using rotary blades designed and developed
through this study compared to when using conventional rotary blades. It is
therefore deemed that the industrialization of the soil attachment prevention
device and the rotary blades developed through this study can lead to great

reduction in the annual power requirement for rotary tilling.

- 12 -
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Fig. 1.2 Meyenburg’s garden rotary cultivator

(1) single cylinder engine, (2) main coupling, (3) wheels of rotary cultivator, (4)
gear transmission, (5) worm gear, (6) coupling of the shaft driving the drum of
rotary cultivator, (7) bevel gear, (8) blade for controlling cultivation depth
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Fig. 1.4 Two kinds of rotary blades
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Table 1.1 The specifications of experimental rotary blade

Blade of rotary

Item
a type b type
Shape angle, £ (deg) 31.16 27.33
8 (deg) 852 8.24
Max. rotation radius,
Rone (mm) 263.32 263.70
Cutting width, w(mm) 137.98 139.47
Tip angle(deg) 13.56 14.01
Thickness(mm) 7.83 7.96
Diameter of hole 14.53 14.62
Distance of hole 51.29 51.75
Width of holder 70.48 70.31
. 52.
120mm Ri(mm) 256.47 252.57
contour Ro(mm) 225.43 223.74
surface
Xio0(deg) 26.94 31.92
R1(mm) 246.67 24452
70mm
contour R2(mm) 215.05 214.68
surface
Xro(deg) 31.59 33.69
Ri(mm) 222.22 217.71
20mm
contour Rao(mm) 190.65 183.27
surface
Xoo(deg) 36.41 34.16
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Fig. 1.12 The contrast diagram

of scoop angle between rotary blade which the

bending part is plane and curved surface of bending part when they

cut in soil.
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Fig. 1.13 The enlarged figure of part 1.
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Table 1.2 The ratio of mechanization by farm working (unit : %)

00
classification 99
total walking riding
tillage &
soil preparation 98.7 98.5 25.9 72.6
a rice paddy 99.6 99.7 20.1 79.6
a dry field 96.7 96.0 37.1 58.9
rice
transplanting 975 98.2 75.4 22.8
pest control 98.5 989 92.3 6.6
harvesting 97.0 98.4 53 93.1
threshing 99.7 100 6.3 93.7

Table 1.3 The basic statistics of sample

population . .
(persons) 185,847 (farmer : 40,743 farm :@ 12,606)
farm area (ha) 19,775 (a rice paddy : 13,400 a dry field : 6,375)
a power a farm - rice planting
tiller tractor combine machine
possession farm
machine (EA) 3,659 2,543 1,096 4100

total : 16,403
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Table 1.4 The actual conditions of tillage

plow tilling rotary tilling
classification explanatory
fammo. rate(%) A0 rage(%)
a farm tractor 1,705 98 1,715 98.5
a power tiller 35 2 27 15 29 villages
total 1,742 100 1,742 100

Table 1.5 The present conditions of tractor possess

classification farm no.(house) rate ( % )

under 40 hp 8 18.2

40 hp~50 hp 8 18.2

50 hp~60 hp 18 40.9

above 60 hp 10 22.7
total 44 100

_46_



Table 16 The patterns of tilling and ground leveling of tractor

classification farm
: : : household rate
autumn spring 1st soil Znd soil (%)
tilling tilling harrowing harrowing (EA)
O O O 17 386
O O 3 6.8
O O 18 409
O O 4 9.1
O O 2 45
O 0 0.0
total 44 100

Table 1.7 The areas of tilling area by tractor in a year

classification farm no. (house) rate ( % )
under 17ha 16 36.4
17ha~33ha 14 | 318
33ha~66ha 12 - 273
over 66ha 2 45
total 44 100
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Table 1.8 The areas of exchange of tractor rotary blade

classification farm no. (house) rate ( % )
under 17ha 12 279
17ha~33ha 11 256
33ha~66ha 5 116
over 66ha 15 34.9
total 43 100

Table 1.9 The periods of exchange of tractor rotary blades

classification farm no. (house) rate ( % )

under 1 year 5 116

1 ~ 2 years 14 32.6

2 ~ 3 years 8 186

over 3 years 16 37.2
total 13 100
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Fig. 2.1 Schematic diagram of system for analizing revolution motion
characteristics of rotary blade
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Fig. 2.2 Plh(()ito of system for analysis of motion characteristics of rotary
blade

Table 2.1  Specification of the system for analysis of revolution
motion characteristics of rotary blade

Item Specification
Servo Motor 200W, 400W, 100V
Motor Driver 200W, 400W, 100V, 50/60Hz
Motor Interface Board 2 axes control, I/O 8 channels
Actuator 1,300 stroke
Speed reducer reducing ratio : 1/15, 0.4kw
pPC Pentium O
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il

Fig. 2.3 Photo of actuator used as tractor Fig. 2.4 Photo of revolution motion
forward direction axis part of rotary blades

2) 2etgd IAATEN
Zelge A FEFEE REHY HdFE 907 = 48T & A
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A ¥
g AHgEgEd, ot EHY PoE JAFEYE FUsia EWA
E371d FEr vz AsER 985718 stk €247 758 2H
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where, R = rotor radius
rotatioal velocity of rotor
machine forward velocity
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Fig. 25 The main window of control program of system
for analysis of revolution motion characteristics of
rotary blade
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(a)

(©) (d

Fig. 2.6 Photo of testing for analysis of motion characteristics
(a) a type, (b) b type, (c) ¢ type, (d) d type
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2. ZelE 2] g4 A3

a2 27 2 ¥ 220 4 mEEge HAARE Y

AANAS AHRE 94, 618 SAA 293 EFAAlY A7} 13em o3 2

geEg Edde] EXEWY BE3E ¢ £3%3% 3 94 zEEe 1HEE T

WZzgy Bdx FGS QAT AR Alold o]RE Ze U Helxm, 428 F3F
13

23 Geo] o FE 74, (18 SeEd HAWE, T A8 o, 2t ey
& AL W ARAARY =d4 BAAAY £AA9, 11 2etEde FA, wls
zuEY % woe 2EEY 27 Z wit 2EEe v9 £2 uEd Rt

Table 2.2 The design parameter of rotary blade

g1 62 ¢l hl h2 tl wl w2 w3
¢y ¢) (mm (mm (mm) mm mm) (mm) (mm)

a type 217 776 255 1368 283 8 70 723 667

b type 219 38 255 138 115 8 70 72.1 68.6

c type 215 2.88 255 1382 121 8 70 732 735

dtype 212 904 250 135 233 8 70 739 666

—
5 \ \m
/“\ / R
y o © O N ! O s Aﬂ“hg
// e) O\
(Sl \~ -f'! \\’7 2
AV T
o < j / /
, ¥\Ma / 4 iy i
i 74 I |
S - | |
J A
t1

Fig. 2.7 Schematic diagram of design parameter of rotary blade
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Fig. 28 The graph of edged-curve of rotary blade in each type
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Fig. 2.10 Analysis of rotary blade coordinates according
to revolution angle
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T T

Fig. 2.11 The result of rotary blade coordinates accor-
ding to revolution angle

.
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Fig. 2.12 Schematic diagram of C type rotary blade
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Table 2.3 The position of rotary blade contacted with soil
according to tilling depth

gDmFrrSl ) a type b type ¢ type d type
130 ® @ @ ®
140 @ @ @ ®-®
150 @ ® @ ®
160 @ @ @ @
170 O-®@ @ ) O-@
180 ® @ @ @

% DFS = distance from flange center to soil surface (cf. Fig. 2.12)

Table 2.4. The result of analyzing revolution motion characteristics
of rotary blade

Item a type b type ¢ type d type
Position contacted with soil c-e e-f e e—f
End Line contacted with soil false false false false
Critical 4 3.29 3.36 3.86 3.12

¥ distance form center to soil surface = 13 cm (cf. Fig. 2.12)

dolm, 79 210= Zehldel HA4 ol EF Pt F4e BA%E R
ot 7 21001 o5 PAE =AM JES AF 7Y 21100 LhehiLTh ABLol e
As 3 2eeld $EE4 249 2HE E 23, 249 dEhis

£
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Fig. 3.1 Schematic diagram of a tractor-attached automatic soil hardness measuring system
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Table 3.1 Hardware components used for the automatic soil hardness measuring system

Components Specification

Servo Motor 200W, 400W, 100V,

Motor Driver 200W, 400W, 100V, 50/60Hz

Motor Interface Board 2 axes control, /O 8 channels

Load cell

A/D Convertor
Actuator

PC

Inverter

Limit 100 kgf
Input 1 channel, DO 4 channels
1,600 stroke, 700 stroke

Pentium [I

In DC 12V, Out AC 220V
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Fig. 32 A view of sensor part for measuring
soil hardness

Fig. 3.3 A view of driving part of the measuring system
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Fig. 34 A view of Photo of attaching part of the measuring system
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Fig. 3.5 The flow-chart of the control system for soil hardness measurement
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Fig. 3.6 Performance test bed

Fig. 3.7 A view of performance test of the measuring system
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Fig. 39 The example of measuring soil hardness by
penetration depth with automatic device
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Table 3.2 The results of soil hardness measurement with manual-type device (kPa)

(a) penetration depth 0.10m, 1st time, (b) penetration depth 0.10m, 2nd time
(c) penetration depth 0.15m, 1st time, (d) penetration depth 0.15m, 2nd time

(a)

a b ¢ d e f g h I 31 k¥ 1 m =n o

-1 O Ul b Q2 DD

193.82267.90 5058 3.78295.40 56.45314.351186743881 27.90 7540 66.10 882818356 62.23
368.42 2871 17.20 71.43 42.80 3767 16.36271.24176.75 67.09 12.54 83.0532260 39.70 31.74
17543 3449 81.67 91.8828350 5394 13.13 74.86 67.76 82.92 96.23 80.68 9447 75.74226.81
31953162.11 187.03 91.67103.13 13.13 7380 0.8 984919796 87.37166.24 734517681 78.77
11764 5345 69.91 103,56 449.83 160.79221.99 44.33402.16192.47 92.26120.02 87.28 75.40214.87
90265 4.87156.21101.37241.61483.41 340 40.80 72.10 95.15411.52 97.71204.82 39.64 63.90
14647 75.45362.32310.80 7765 17.37 7209 43.67304.40111.20236.89 99.04187.38 36.80193.31

(b)

a b ¢ d4d e f g h I 1 k 1 m =n o

~N U WO DD e

194.38261.73 64.17 14.75286.73 9844285.77126.06 69.50 4354 8673 78.27417.10185.05 7475
353.11 44.29 33.82 83.12 57.09293.27 124026476 42.12 79.17 2058 93.68178.87 54.27 47.04
17766 94.99 92.43101.71 262.27104.06 1534 86.24 67.21 935610567 91.53 79.78 87.04224.37
308.66 165,55 188,21 101.52111.93 8495 85.27 1880 30.12198.14 97.61169.31107.71178.92 89.79
125,13 66.77 81.74112.32427.12 975321989 58.48164.35193.15102.05127.23383.78 86.73213.51
102.41 13.76160.19110.34 237.83277.11 21.27 55.28421.29104.68392.29107.01 83.73 54.22 76.27
151.34 86.77329.38300.73 88.7718353 83.72 55.76 33.97119.27233.53108.22294.91 16.26194.37

{c)

a b c d e f g h I i k | m n 0

~1 O O WD

243.24250.81 118.22 154.37 332.81 222.44 88.44221.07519.89230.21 91.27 87.85302.07224.28237.12

92.27 259,13 229.61 109.37 118.37 242.62 204.47 273.09 246,08 271.09 259,15 444,37 104.31 398.79 317.87
224.70 246.91 237.12 119.11 272.19 236,77 227.65 409.88 218.77 231.00 204.47 227.27 231.55 90.27 209.07
319.69 214.93 169.07 114.27 443.39 76,63 229.77 298.21 240.79 338.33 224.21 231.46 227.04 233.28 99.91
212.60 88.44666.27243.24 128.99218.92245.75104.21 88.37 402.22231.70 454,37 423.78 117.91 228.56

97.27254.01 11691 14559 271.16 159,71 27.50 226.37 229.61 449.27 390.44 280,55 23.67132.27234.29
238.95 96.24 106.05319.83 218.37 159.32 237.61 253.71 204.47 113.89 214.93 230.39 298.90 121.74 218.07

(d)

a b ¢ d e f g h I j k 1 m =n o

S O b W)=

248.24 255.81 123.22 159.37 337.81 227.44 669.28 226.07 524.80235.21 96.27 92.85307.07229.28 242.12

97.27 264.13 234.61 114.37 123.37 247.62 209.47 283.09 251 .08 276.09 264,15 449.37 109.31 403.79 322.87
22970 251.91 242.12 124,11 277.19 241.77 232.65 414.88 223.77 236.00 209.47 232.27 236 55 95.27214.07
324.69219.93174.07 119.27 448.39 81.63234.77 303.21 245.79 343.33 229.21 236.46 232.04 238.28 104.91
217.69 93.44671.27 248.24 133.99 223,92 250.75 109.21 93.37407.22 236.70 459.37 428.78 122.91 233.56
102.27 259.01 121.91 150,59 276.16 164.71 3259 231.37 234,61 454.27395.44 285.55 28.67137.27239.29
243.95 101.24111.05324.83 223.37 164.32 242,61 258.71 209.47 118.89 219.93 235.39 303.90 126.74 223.07
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Table 3.3 The results of soil hardness measurement with automatic device (kPa)

(a) penetration depth 0.10m, 1st time, (b) penetration depth 0.10m, 2nd time

(c) penetration depth 0.15m, 1st time, (d) penetration depth 0.15m, 2nd time

(a)

a b ¢ d e f ¢ h I 3 kK 1 m n o

<N OOl s O =

240.78198.23107.95 63.02310.87139.10 64.26 73.31112.80 89.20 168.68 193.83 324.60 227.45117.57
344.21 8987 80.35 342710152 44.51 60.88 42.74 51.54121.58 76.51134.78 3040 79.42 92.38
199.41 13596 133.64142.08 71.01 144.22178.20 37.10110.72134.67 145.67 132.82 160.31 128.74 164.98
404.03 97.87231.96141.91151.37 35.94170.93 66.70 76.99246.15 128.85 204.96 147.54 218.69 194.52
217.61 157,57 17758 1561.73 222.61 138.27 277.36 102.78 142.37179.21 142.39 194.24 30.40 194.22 268.11
283.91 62.12 30.62149.92302.84 331.65176.78 99.86 154.59 144.77 163.29 146.89 188.30 190.49 118.95
289.21 154,39 184.20 272.99169.65 124.94 34.81 54.85 80.50153.87296.71 147.99 112.64 173.56 168.05

(b)

a b ¢ d e f ¢ h I i kK 1 m n o

N Ok W

206.92198.44 99.13 49.71291.26133.40 97.09116.70193.19 78.51 165.93193.60 218.69 230.58 109.71
19711 7925 68.78 18.08 92.05 29.35 47.36 65.70 37.08114.13 645412865 13.83 67.75 82.00
199.73129.95127.39136.67 58.50139.03176.41 92.18 102.18 12852 140.63 126.49 156.72 122.00 161.86
30106 83.0417554136.48146.90 19.92168.40 53.76 65.08 251.15 147.10 205.84 142.68 220.94 194.79
114.74153.71175.73 147.29 195.15 132.49 28549  93.45 186.33 177.52 137.02 194.05 330.48 194.03 275.30
108.85 48.72 14.07145.30214.76 345.20 174.85 90.24 150.43 139.64 160.01 141.97 187.52 189.93 111.23
122.58 150.21 183.00 280.67 216.73 193.19 110.81 107.87 68.93 149.64 306.76 143.18 104.30 171.30 165.25

(©)

a b c d e f g h 1 i k 1 m n 0

3 O WD) =

248.21 258.05 206.61 205.63 208.55 221.21 242.94 245,83 192.04 99.86 219.42 240.27 325.84 223.59 206.91
248.21 268.86 268.88 491.31 108,17 247.42 197.87 183.30 251.90 338.77 235.43 174.57 263.07 237.09 222.80
157.81 252.98 197.87 230.00 106.26 239.81 104.69 240.27 216.44 232.33 101.68 176.51 221.21 238.68 279.99
347.51 211.46 269.25 197.87 244.86 234.71 244.87 155.15 245.04 166.80 304.61 275.00 227.18 235.28 232.92
208.55 254.13 233.23 248.21 377.88 344.55 251.49 315.92 104.21 223.87 197.87 229.15 224.38 238.68 311.38
324.16 262.21 347.51 150.20 284.48 302.85 349.59 329.82 338.77 507.00 102.97 236.60 235.73 303.82 296.67
242.65 197.87 211.46 367.37 248.21 197.87 240.91 254.42 197.87 219.50 261.82 229.39 197.87 302.23 231.53

(d)

a b ¢ d e f ¢ h I 37 k¥ 1 m =n o

N O Ot W N

263.42 264.24 250.80 206.58 209.79 223.72 247.62 221.75 191.63  90.23 207.65 207.99 338.81 226.34 244.69
253.42276.13182.02559.96 99.37 252.55 198.04 239.36 257.48 293.22 276.16 225.46 269.76.241.19 172.41
153.98 258.67244.69233.39 97.27244.18 9555 92.23218.47 235.95 198.04 288.37 223.72 242.94 174.55
362.64 212.99 151.05 198.04 190.25 477.58 249.74 315.46 249.93 163.87 276.57 236.60 230.29 239.20 282.89
209.79 259.93 193.19 253.42 396.05 218.69 257.02 198.04 95.02 226.65 236.94 322.91 227.21 242.94 232.45
336.96 268.82 343.19 145.61 293.32 313.52 364.94 93.65 353.03 489.35 212.80 306.72 239.69 314.59 240.65
247.31 198.04 260.25 384.49 253.42 198.04 245.39 268.39 198.04 221.84 212.99 235.07 198.04 312.84 232.72
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Fig. 3.10 The results of soil hardness measurement with manual-type device (kPa)
(a) penetration depth 0.10m, 1st time, (b) penetration depth 0.10m, 2nd time
(c) penetration depth 0.15m, 1st time, (d) penetration depth 0.15m, 2nd time
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Fig. 3.11 The results of soil hardness measurement with automatic device (KPa)
(a) penetration depth 0.10m, 1st time, (b) penetration depth 0.10m, 2nd time
(c) penetration depth 0.15m, 1st time, (d) penetration depth 0.15m, 2nd time
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Table 3.4 The result of statistics hypothesis testing

t0 (104, 0.1

Sp

d

Min.

S.D.

time Mean

Max.

13371 11149 48341 068

1
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0.10
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Table 4.1 The soil physical character of man-made soil bin

Grain size (%) Moisture Soil
. content Texture Hardness
Sand Silt Clay (%, db.) (kg/cm”)

Loam Sand _
79.0 16.9 41 20.2 (LS) 2.10~7.02

Space of machine operation

Top soil layer

Sand layer

Gravel and drain pipe layer

Fig. 4.1 The section figure of man-made soil bin

. 40 2 ASAAD 74
2 Agl 488 2AgAe A9 e

® 42<

= YEHY. 33 432 DataAl & A& 74& UEd Aol

TYA ERol, EGEC ddE AAdueH, dd A8 FAAAT ol FsHA
e X H A4, 2ge fdE4: 291 AEE §& 2T F AES 47

Aze 244 AWEE, zeteld FARE, &

_78_



Table 4.2 The specifications of measurement car

Distance of Distance of

Max.(kt r?)c tion Trave(lrlrrll/gs)speed acceleration brake Fixed method
& (m) (m)
2000 0.015~15 5 1 3 points link (O)

entium NI

Fig. 4.3 The construction of measuring system
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Fig. 44 The photo of experimental rotary

Fig. 45 The schematic diagram of dynamic trans-

mission of rotary
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N

Fig. 46 The schematic diagram of adhesive position of strain gauge

Fig. 47 The photo of rotary shaft after processing
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Fig. 48 The photo of fixed rotary shaft
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7l E<g=xA
B AGAE 2EE ALEaE 24387 A8 QA ATEAA 7] 4R
T AFTEYRE AMLAn. JFESRE do], & Hol7t 4 20m, 2m, 1.64mo]
o 2 79.0%, dE 169%, FE 41%2 Egez FTAFH Iz AT &S
16.23%(d.byelth. & Al A*A SH AALE Y8 EGEEE 228580 =2
HygogE EYx Zg 25EE9(Fig. 49 (1) &2 EYS A$ o] olak(et
15cm) 2] ¥ ¥ EYS 234 AYrie AFEGE Fo 12588 22YE O3
A b)E AAAT F2 of sem¥ 3¥o Z2A Aged aunid 2&y FEE
F MY A @8] Ax xde] Euyd 94 tE Ax AH FY e

- 82 ~-



(@) | (b)

(c) (d)
Fig. 49 The method of soil hardness control
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Fig. 4.11 The Photo of device in
the experiment

Fig. 410 Test section of soil bin
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Table 4.3 The experimental arrangement on soil bin

Block
No. of experiment
1 Area 2 Area
No. 1 a Type b Type
No. 2 a Type b Type
No. 3 b Type a Type

2) @9¥ 6 HIAY

E NRE 2 e 2 vdd Egde] g 4% FFEe o
TS BAI7] fst & dAe7) E’——‘? FYsta gE ¢2 (cf. Fig. 27)710} A
2 0e T zeg 299 38 E $RA 9 a4 2Egde He
M F 6E AT F AFEE ANggeH, B AgEdE A %?46}7% | AA
STk E 44 ATFELGE TS JdeEhd Aotk HollA d.E EEEE EYdE
7““:}"3}“1 ARY w FAGo] B RR e AN T @A A B FEHIe
g ey, g, 9 HAdo]l TdMU U E THe] EYF HESA X
t 2Zeelge Jgugth uixty AgdM QAFEFRY EFFAEES A A
L g o g ZAEEY T

i

i

Table 44 . The experimental arrangement on soil bin

Block
No. of experiment
1 Area 2 Area
No. 1 G 6.
No. 2 ) a Hb
No. 3 v fa
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ate o e s ® ‘ s
e S 5 et 8 Modeiaes
h

o 00
ol 700 b

a0 -

> 40 -

200 |-

amo |

1000 f-

(c) (d

Fig. 413 The calibration result of torque meter

(a) a position, (b) b position, (c) ¢ position, (d) calibration

Table 45 The calibration result of torque meter

position Equation R®
a y = 50.361x + 1.246 0.9999
b vy = 54.835x -0.949 0.9999
c y = 62.604x -1.9473 0.9999
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3. 2egd 22437 43

7} TR G4 vy

A @A dole Al A/DAMEY AEY FA5LE 1000 Hz2 AAsHoH,
tﬂ"]ﬂ FAe 2eE 4% 10348 71Fo2 39 2131 g2 243
A Ao A o] &3 H] EZ(Specific torque)$t ® Y (Specific work)e 7
Yetll = X EZA, 4 @D 4208 Jegdd.

Kt__b]_h: ............. eg 4.1
K, 72}%" ............ eg. (42)

Where, K; = specific torque (kgf + m/m’)
Kw = specific work (kgf - m/m®)
T = average torque (kgf * m)
N: = average power (PS)
b = tillage width (m)
h = tillage depth (m)

v = forward velocity of machine (m/s)

¥ 46 ¥ 29 4156 SAHZx 2 HF vlE, v EA(Specific torque)t H| Y
(Specific work) A4t 27& JErd Aol

NBATNA dEg AR I a type?t W2 b typedd Zeha @
2 AFEGZAN ZLFNE 34 B8 AL 9 1A QA FF 2259
2 Zk2b 1347, 1160 PS2 Yelgon, 23 A ddAE 247 1447, 1.229 PSE e
Wi, 32 AlgelAE Zhzh 1.286, 1.156 PSE UEgTh 34 wrEBA PN HEF 28
FHL 1360, 1182 PSE UEFon, 2858 24282 1310 %2 U

a type@ b typed] WIEZE 13 A E 22 30594, 259.72 kgf - m/m’2 e
wyon, 23 AdoME Z+2 31410, 263.36 kef - m/m’Z Ul om, 3x A PAE
27376, 247.72 kgf - m/m?2 JEbgt} 33 wtEAFoA FTF B EAE 297.93, 256.93
kgf - m/m°2 Uebston ZALe 13761 %2 JERG
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Table 4.6 The experimental results

blade type
Item
a type b type

Average power (PS) 1.347 1.160

Specific torque (kgf * m/m’) 305.939 259.715

Specific work (kgf + m/m’) 6771.287 5733.686

No. 1 Average torque (kgf - m) 6.522 5.630
Max. torque {(kgf * m) 6.826 6.343

Min. torque (kgf * m) 5.852 5.863

Average rpm 1479 1476

Average power (PS) 1.447 1.229

Specific torque (kgf * m/m’) 314.097 263.359

Specific work (kgf - m/m’) 7226.562 6073.632

No. 2 Average torque (kgf - m) 6.738 5.709
Max. torque (kgf - m) 7.312 6.945

Min. torque (kgf - m) 6.172 5.341

Average rpm 153.8 154.2

Average power (PS) 1.286 1.156

Specific torque (kgf - m/m’) 273757 247722

Specific work (kgf * m/m’) 6422.368 5715.055

No. 3 Average torque (kgf - m) 5872 5.370
Max. torque (kgf - m) 7.448 6.563

Min. torque (kgf * m) 4785 4614

Average rpm 156.8 154.2

Power (PS) 1.360 1.182

Total izr?if/;iwﬁc toraue 297.931 256,932
Average specific work 6806.739 5840.791

(kg - m/m’)
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Fig. 415 The results of measuring tillage power in each condition

( a ) power, ( b ) specific torque, ( ¢ ) specific work
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a typedt b typed) Hl9& 12 A= 27 6771.29, 573369 kef - m/m°= 1}E
won 23 A@oAE 72 722656, 6073.63 kef + m/m’E e o™, 3% A ¥l A
£ 642237, 571506 kgf - m/m’Z Uebskth 33 SEAR|A FF HAL  6806.74,
5840.79 kgf - m/m’2 UElgoH, HY #4&L 1419 %2 YERTh

a typed b type®] HT £8FH, HEZ Z H[IdE FAFE 5 %A Z42 EAE
e AYF A3} Foe zHzF 1151, 966, 13762 e, Fd, 4 ; 0.06) = 7712
et BF £8F9, HEZ 9 WYY Fglel EF 714 FRO AA, w5
dEg o] Fendd 9L T Ror Uuut. F @IR guydel Iw
2 A%d Aol FHoz AZE R ¥t FeRart FaHE Aow vehdoh

Y. gl 07 vaAY
= 2 027(cf. fig2.7)°] vtolys g UErdd Sl EAbe 2
3} a1 2E AEFE 927 (cf fig7)o] T2 ;e VA F 2
2 AAstn Adg AAsgYh ZEE Aedg A4 AEE ZEH
+H3 FAANEE AYPsgod, doly FHA A/DIAHEY AEFF
T3+ 1000 Hz2 AAsAem, dolg #4e ZEgd ZAe+F 1034E V&2
2 39 xz 2 248 B 47 NEZAFE Ve
29 4163 29 4178 HE A8 FHY MEAE J9Z 33 Rolth AF}A 4
B A ol 6.9 67 13 APl HT 225" 747 1.064 PS, 4312 PS
2 Jetga, 23 AgoAE 27 0945 PS, 0.850 PSE UElen, 33 A goA e
Z+z} 0.991 PS, 0861 PSE YElth 3% AlgoA AAAL BT A28FHLS 0997
PS, 0885 PSE YElgon, ZAA&e 11172 %= vebgth
6.8 6, HIEAE 12 ANFAME 27 2344838 kgf - m/m', 205415 kef * m/m'E
et o, 23 A g e 22 200187 kef + m/m’, 188424 kgf - m/mZ YEME O
o, 3&F AlgelAE Zhzb 219580 kgf - m/m’, 191.898 kgf - m/m'E ERRTE 33 Al
Holl A vlE=e] HFFL 221.085 kef - m/i, 195.246 kgf - m/m'Z UEgtoew, 2 &
2 11687 %= Ve
0.9 6,9 BT 28597 HEAE |FAFE S Al B4t
Fo2 F 71722 B2} 3A velgonz ghai g gzte] 4
< F o2 FIIGY. & 9IF gHd

Fe Fi 67o] Eex g THAE ol v
oM g uEhllE ol vstd ARt gase Ao Bun,
298 ey Bed AAA g7to] niug ndY, AW TS AL XA A
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Table 4.7 The experimental results

blade type
Item
Oa fv

Average power (PS) 1.054 0.946
Specific torque (kgf - m/m’) 234.488 205.415
Average torque (kgf - m) 4.896 4.289
o4 Max. torque (kgf - m) 5.357 4,930
Min. torque (kgf - m) 4536 3.496
Average rmpm 154.2 1579
Average power (PS) 0.945 0.850
Specific torque (kgf - m/m’) 209.187 188.424
Average torque (kgf - m) 4.368 3.934
No- 2 Max. torque (kgf - m) 4.820 3.945
Min. torque (kgf - m) 3.940 3.754
Average rpm 155.0 154.7
Average power (PS) 0.991 0.861
Specific torque (kgf + m/m’) 219.580 191.898
Average torque (kgf - m) 4585 4.007
No- 3 Max. torque (kgf - m) 4.979 4513
Min. torque (kgf - m) 3.818 3.981
Average rpm 154.8 153.8
average power (PS) 0.997 0.885

Total
Average specific torque 991085 195.246

(kgf - m/m’)
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Table 5.1 Field condition and average moisture content

moisture content

Test Field Field type Soil condition (%, d.b)
F1 a rice paddy No tilling 386
preventing an alien F2 a rice paddy No tilling 40
substance to be wound  F3 4 dry field Ist plow tilling 175
¥4 a dry field 1st plow tilling 19
N1 a dry field No tilling 25.7
preventing soil N2  adry field  No tilling 334
adherence Ml  a dry field No tilling 189
M2 a dry field No tilling 22.1
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Table 5.2 The specification of device measuring rotary power requirement

Item Specification Model Manufacturer
Device for Applied power .
Power joint : under 70ps Single Type Daechang
) Gage factor KFG-2-120-C1-
Strain gage : 915 1 Kyowa
.. Capacity
Slip ring ] - Yunghwa Eng.
. 4poles
Proximity Resp(?nse frequency PRI2-4DP Autonics
Sensor : 400(Hz)
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Fig. 5.2 The photo of device in the experiment

Universal joint Strain Slip . Bridge Strain N A/D
- Shaft torque gage ring 1 box > amplifier M Converter
Tilling Data l
power
Rotational speed| | Proximity| > Recorder|
Of Universal joint| | sensor Computer

Fig. 5.3 Block diagram of the data acquisition and analysis system
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Fig. 54 The drawing of developed rotary tiller for preventing an alien substance
being rolled
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(g) _ (h)

Fig. 5.5 The photo of developed rotary tiller for preventing an alien substance
being rolled
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Fig. 56 The drawing of rotary tiller for preventing soil adherence
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Fig. 5.7 The device for preventing soil adherence
(a) types of device for preventing soil adherence

(b) the schematic diagram of device for preventing soil adherence
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(b)

Fig. 58 The photo of rotary tiller for preventing soil adherence
(a) rotary tiller for preventing soil adherence
(b) device for preventing soil adherence
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Fig. 511 The photo of rotary for preventing socil adherence in performance test
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R? = Determination Coefficiency
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Table 5.3 The results of performance test with general rotary
(a) F1 field, (b) F2 field, (¢) F3 field, (d) F4 field

(a)

Field Sample No. RPM '(I}‘(cgqnli(;, Power Iéci\)lirement
1 501.22 62.11 43.47
2 498.39 62.56 43.53
3 493.89 58.59 40.41
4 511.15 51.71 36.91
- 5 520.21 62.99 45,75
6 512.12 52.57 37.59
Max 520.21 62.99 45.75
Min 493.89 51.71 36.91
SD 9.93 5.12 3.56
Average 506.16 58.42 41.28
(b)
Field Sample No. RPM Torque Power requirement
(kg-m) (ps)
1 472.17 61.02 40.23
2 495.22 62.16 42.98
3 523.30 53.46 39.06
4 580.73 65.08 52.77
- 5 612.28 60.91 52.07
6 581.72 57.12 46.39
Max 612.28 60.94 52.77
Min 47217 53.46 39.06
SD 55.50 4.08 587
Average 544.24 59.96 45.58
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(c)

Field

Sample No.

RPM

Torque

Power requirement

(kg-m) (ps)
1 514.27 55.49 38.54
2 499.61 54.33 39.70
3 502.37 52.26 36.66
4 512.22 52.18 37.47
F3 5 497.38 48.78 3403
6 523.42 44.51 31.22
Max 523.42 55.49 39.70
Min 497.38 44,51 31.22
SD 10.10 4.02 3.13
Average 508.21 51.26 36.27
(d)
Field Sample No. RPM ’(Il‘(orque Power requirement
g-m) (ps)
1 502.34 51.95 36.44
2 521.91 53.59 39.05
3 496.37 55.18 3824
4 497.26 56.21 39.03
- 5 512.96 66.33 47.50
6 504.57 51.30 36.14
Max 521.91 66.33 4750
Min 496.37 51.30 36.14
SD 9.86 5.50 4.16
Average 505.90 55.76 39.40
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Fig. 5.13 The signal from torque meter and proximity sensor with general rotary

in performance test

Fig. 514 The state of an alien substance wound with general rotary. in

performance test
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Table 54 The results of performance test with rotary preventing an alien

substance to be wound

(a) F1 field, (b) F2 field, (c) F3 field, (d) F4 field

(a)
Field Sample No. RPM '(I]; orque Power requirement
g m) (ps)
1 504.50 62.91 44.31
2 523.42 61.94 45.27
3 521.04 60.22 43.81
4 523.35 60.15 43.95
- 5 502.19 57.32 40.19
6 512.11 53.7 38.44
Max 523.42 62.91 4527
Min 502.19 53.75 38.44
SD 957 3.35 2.70
Average 514.43 59.38 42 .66
(b)
Field Sample No. RPM “Torque Power requirement
« (kg-m) (ps)
1 480.78 63.51 42.64
2 478.69 61.32 40.99
3 473.86 62.65 41.45
4 509.29 59.42 4225
- 5 497.39 71.94 49.96
6 519.47 59.96 43.49
Max 519.47 71.94 49.96
Min 473.86 59.42 40.99
SD 1847 4.59 3.30
Average 493.25 63.13 43.46
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(c)

Field Sample No.

RPM

Torque

Power requirement

(kg-m) (ps)
1 498.62 43.86 30.54
2 512.19 42.06 30.08
3 500.54 50.31 35.16
4 509.17 54.53 38.77
F3 5 507.19 55.59 39.37
6 506.22 55.07 38.92
Max 512.19 55.59 39.37
Min 498.62 42.06 30.08
S.D 5.17 5.97 4.28
Average 505.66 50.24 35.47
(d
Field Ssmple No. RPM Torque Power requirement
(kg+-m) (ps)
1 512.91 54.59 38.12
2 527.37 58.10 41.34
3 512.94 4854 31.62
4 509.37 44.15 41.32
- 5 542.34 53.09 39.09
6 537.19 53.22 36.41
Max 542.34 58.10 41.34
Min 509.37 44.15 31.62
S.D 14.00 4.90 365
Average 523.69 51.95 3798
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Fig. 5.15 The signal from torque meter and proximity sensor with rotary

preventing an alien substance to be wound in performance test

Fig. 5.16 The state of an alien substance wound with rotary preventing an alien

substance to be wound in performance test
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Table 55 The results of hypothesis testing in performance

(a) power requirement, (b) quantity of an alien substance wound

{(a)

Power requirement {(ps)
material D Sp to (3, 0.1)
F1 F2 F3 F4

statistics testing with

general 4128 4558 36.27 39.40
general type

preventing an
alien substance 4266 4346 3547 3798 074 1513 0978 2.353
to be wound

®)

_ Quantity of soil adherence
material (kg) D Sp o t(3, 0.1
F1 T2 F3 F4

statistics testing with general

al 1.27 184 084 097
gener. type

preventing an
alien substance 240 280 048 052 -0320 0841 -0.762 2.353
to be wound
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Table 56 The results of performance test with no material preventing soil

adherence

(a) N1 field, (b) N2 field, (¢c) M1 field, (d} M2 field

(a)

Field  Sample No.  RPM };(Ogr aue Power Q%‘;‘;ifemeﬂt
1 634.4 57.92 51.30
2 638.4 59.30 52.85
3 638.8 58.37 52.06
4 639.6 58.04 51.83
. 5 6330 56.76 50.56
6 637.1 60.73 54.03
Max. 639.6 60.73 54.03
Min. 634.4 56.76 50.56
SD. 18 136 121
Aver. 637.7 5852 52.10
(b)
Field Sample No. RPM ’(Iiiorque Power requirement
g -m) (ps)
1 606.5 65.51 55.47
2 606.5 60.20 50.98
3 601.1 55.11 46.26
4 509.0 50.28 4958
5 504.8 67.64 56.18
N 6 55.2 67.60 56.17
Max. 606.5 67.64 56.18
Min. 594.8 55.11 4626
SD. 52 513 414
Aver. 600.5 62.56 52.44
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(c)

Field

Sample No.

RPM

Torque

Power requirement

(kg-m) (ps)
1 635.7 57.60 51.13
2 647.8 56.70 51.28
3 631.2 59.77 52.68
4 630.0 59.01 51.91
M1 5 645.3 53.44 48.15
6 637.2 65.70 5845
Max. 647.8 65.70 58.45
Min, 630.0 53.44 4815
S.D. 7.3 4.08 3.40
Aver. 637.9 58.70 52.27
(d)
Field Sample No. RPM Torque Power requirement
(kg-m) (ps)
1 630.5 56.82 50.02
2 642.5 60.72 54.47
3 629.5 58.90 51.77
4 622.7 58.77 51.10
D 5 644.7 55.77 50.20
6 645.7 59.77 53.89
Max. 645.7 60.72 54.47
Min. 622.7 55.77 50.02
S.D. 9.6 1.85 1.88
Aver. 635.9 58.46 5191
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Fig. 518 The signal from torque meter and proximity sensor with no material

preventing soil adherence

Fig. 5.19 The state of soil adherence with no material preventing soil adherence

- 125 -



. R F BAFA 24 2 4549 A%

1) 288 s 29 (sus 310) F5-F LAAA

YA

E 572 AHEY 4719 TFAM 7 5249, 5326, 51.95, 52.06psel™ EHFE
5244ps?] ZEEAE 28%F0] 2AHHUY. E¢Y FFE&EE AuEY &
33.4%(d.b.)8l N2 EA oA 5326psE 714 & 20EHo] ZAFHUY ol ZEeEE
o] E¥S Fu¥ v EF dAtelg S| e oF JFE wE Aol Al
k=R-2h=

AE B FEAH K
6.4kg o 2 7} BT
a9 5202 HSAEA

= g
i} -
4R Y FRANG Fol 128 2He U

o\

2
==
off

.
s

Ege RAE @40l 334%(db)d N2 EACA

- 126 -



Table 5.7 The results of performance test with stainless steel material preventing
soil adherence
(a) N1 field, (b) N2 field, (¢) M1 field, (d) M2 field

{a)

Field  Sample No.  RPM }Ifgr aue Power f(%%‘)ﬁremem
1 638.3 58.14 51.81
2 639.1 57.39 51.21
3 638.7 58.09 51.80
4 638.3 62.97 56.12
i 5 641.6 57.14 51.18
6 6395 59.14 52.81
Max. 641.6 62.97 56.12
Min. 638.3 57.14 51.18
SD. 12 215 1.87
Aver. 639.3 58.81 | 52.49
(b)
Field Sample No. RPM ’(l;{ orque Power requirement
g-m) (ps)
1 636.4 63.33 56.27
2 620.9 5448 4723
3 6201 54,69 47.35
4 616.0 63.98 55.03
5 617.9 63.78 55.02
N 6 614.2 68.40 58.66
Max. 6364 68.40 58.66
Min. 6142 54.48 4723
S.D. 80 5.62 481
Aver, 620.9 61.44 53.26
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(c)

Field  Sample No.  RPM forque Power requirement
1 633.5 59.77 52.87
2 638.7 56.88 50.73
3 630.5 60.10 52.91
4 640.1 56.77 50.74
M 5 639.8 56.88 50.81
6 643.2 59.77 53.68
Max. 643.2 60.10 53.68
Min. 630.5 56.77 50.73
S.D. 4.7 1.67 1.34
Aver. 637.6 58.36 51.95
(d)
Field Sample No. RPM ’(I}‘{orque Power requirerneﬁt
g-m) (ps)
1 630.7 57.33 50.49
2 637.1 56.88 50.60
3 638.8 59.77 53.31
4 647.2 55.99 50.60
M2 5 643.5 60.71 54.55
6 632.1 59.88 52.85
Max. 647.2 60.71 54.55
Min. 630.7 55.99 50.49
S.D. 6.4 1.93 1.74
Aver, 638.2 58.43 52.06
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Fig. 520 The signal from torque meter and proximity sensor with stainless steel

material preventing soil adherence

Fig. 521 The state of soil adherence with stainless steel material preventing soil

adherence
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Table 5.8 The results of performance test with rubber material preventing soil
adherence
(a) N1 field, (b) N2 field, (c) M1 field, (d) M2 field

(a)

Field  Sample No.  RPM (e Power reqirement
1 607.4 54.46 46.19
2 625.5 54.22 47.35
3 645.6 53.01 47.79
4 617.1 55.49 47.82
5 625.8 54.59 47.71
N 6 621.3 56.84 49.30
Max. 645.6 56.84 49.30
Min. 607.4 53.02 46.19
S.D. 12.7 1.29 1.00
Aver. 623.8 54.77 47.69
(b)
Field Sample No. RPM ’(l;{orque Power requirement
g m) (ps)
1 615.2 65.54 56.30
2 619.0 60.39 52.20
3 607.6 59.99 50.89
4 604.3 60.49 51.04
N2 5 602.2 64.36 54.11
6 606.5 55.39 46.91
Max. 619.0 65.54 56.30
Min, 602.2 55.39 46.91
S.D. 6.6 3.60 3.19
Aver. 609.1 61.03 51.91
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(c)

Field  Sample No.  RPM G oraue Power requirement
1 622.7 54.22 47.14
2 637.5 53.88 47.96
3 627.5 58.22 51.01
4 630.7 5b.44 48.82
M 5 -611.8 56.33 4812
6 622.7 52.77 45.88
Max. 637.5 58.22 51.01
Min. 611.8 52.77 45.88
S.D. 8.7 1.95 172
Aver. 625.5 55.14 48.16
(d)
Field Sample No. RPM ’(Il‘(orque Power requirement
g+m) (ps)
1 621.2 53.45 46.36
2 640.8 55.36 49.53
3 630.7 57.82 50.92
4 620.4 53.25 46.13
M2 5 623.7 54.86 47.77
6 623.3 56.34 49.03
Max. 640.8 57.82 50.92
Min. 620.4 53.25 46.13
S.D. 78 1.74 1.38
Aver. 626.7 55.18 48.29
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Fig. 522 The signal from torque meter and proximity sensor with rubber

material preventing soil adherence

Fig. 523 The state of soil adherence with rubber material preventing soil

adherence
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Table 5.9 The results of performance test with PE material preventing soil

adherence

(a) N1 field, (b) N2 field, (¢) M1 field, (d) M2 field

(a)
Field  Sample No.  RPM g{"grflrg‘;’ Power r(%%‘firemem
1 555.3 49.74 3857
2 604.0 50.47 4256
3 600.0 49.84 41.75
4 599.3 52.65 4405
“ 5 593.1 58.83 48772
6 597.3 54.96 4583
Max 604.0 58.83 4872
Min. 555.3 4974 3857
SD. 181 359 3.50
Aver. 591.5 52.75 4358
(b)
Field  Sample No.  RPM Lorque Power requirement
g -m) (ps)
1 638.3 61.03 54.39
2 6383 58.11 51.79
3 6153 48.10 4132
4 611.9 56.80 4853
5 6079 62.77 53.28
N 6 609.7 56.66 4823
Max. 638.3 62.77 54.39
Min. 607.9 48.10 41.32
SD. 142 5.0 475
Aver, 620.2 57.24 4959
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(c)

Field  Sample No.  RPM forque Power requirement
1 556.7 54.55 42.40
2 605.7 55.77 4717
3 601.5 49.37 41.46
4 5575 51.77 40.30
MI 5 595.6 59.88 49.80
6 602.5 55.77 46.92
Max. 605.7 59.88 49.80
Min. 556.7 49.37 40.30
S.D. 23.1 3.63 3.80
Aver. 586.6 54.52 44 67
(d)
Field Sample No. RPM Torque Power requirement
(kg-m) (ps)
1 583.0 56.77 46.21
2 605.7 55.77 47.17
3 602.4 59.55 50.09
4 593.0 53.66 44.43
N2 5 601.5 58.77 49.36
6 603.7 56.77 47.85
Max. 605.7 59.55 50.09
Min. 583.0 53.66 44.43
S.D. 8.6 2.11 2.07
Aver. 598.2 56.88 4752
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Fig. 524 The signal from torque meter and proximity sensor with PE material

preventing soil adherence

Fig. 525 The state of soil adherence with PE material preventing soil adherence
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Table 510 The results of hypothesis testing in performance

(a) power requirement, (b) quantity of soil adherence

(a)

Power requirement (ps)
material D Sp to t(3, 0.1)
N1 N2 Mi M2

statistics testing with

general 5210 5244 5227 5191
general type

stainless steel 5249 5326 5195 5206 -026 0476 -1.092  2.353
rubber 4769 5191 4816 4829 317 1788 3543 2.353
PE 4358 4959 4467 4752 584 2666 4.381 2.353

(b)

Quantity of soil adherence

material (kg) D Sp to (3, 0.1)
N1 N2 M1 M2

statistics testing with general
type

stainless steel 5.7 6.4 49 58 -0.15 0451 0.665 2.353

general 49 6.3 5.0 6.0

rubber 1.7 41 3.1 35 045 0557 8797 2.353
PE 15 3.5 2.7 3.1 285 0451 12633  2.353
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Fig. 6.2 The schematic diagram of overlap of rotary

Table 6.1 The experimental arrangement at soil bin

Block
No. of preparation
1 Area 2 Area
1 Overlap -0.01 Overlap +0.03
2 Overlap 0 Overlap +0.02
3 Overlap +0.01 Overlap 0
4 Overlap +0.03 Overlap -0.01
5 Overlap +0.02 Overlap +0.01
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Table 6.2 Field condition and average moisture content

Field Field type Soil condition ~ MOIAre fonent
Pl a rice paddy No tilling 35.7
p2 a rice paddy No tilling 394
P3 a dry field 1st plow tilling 162
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Fig. 6.3 The photo of rotary tilling in performance test
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Fig. 6.4 The photo of lattice frame for analysis of breaking performance
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Fig. 6.5 The pattern and order of rotary blades of cutting soil-surface
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Fig. 6.6 Torque and revolution signal from torque-meter and proximity sensor
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Fig. 6.8 The result of overlap experiment

(a) average specific torque, (b) average specific work
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Table 6.3 The experimental result

overlab (m)

Item
-0.01 0 +0.01 +0.02 +0.03
Specific work
at - /oy 5308.84 3488.27 4327.20 448495 4714.88
Specific tbrque
oot ~ ) 922044 14630 184.06 191.02 19791
Avera(%%fower 0.98 062 0.67 0.66 0.67
Average torque
R 6.10 3.90 496 424 422
Average 1pm 11500  113.80 112.30 112,10 113.80
Speed 0.50 0.50 0.50 050 050
(m/s) o B . » o
Tillage width 0.277 0.267 0.257 0.247 0.237

(m)
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Fig. 69 Drawing of the developed rotary blade
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Fig. 6.10 The photo of energy saving rotary blade developed
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Table 6.4 The results of performance test for comparing rotary power
requirement (a type)
(a) Pl field, (b) P2 field, (c) P3 field

(a)

Field Sampling No. RPM Torque (kg - m) Power requirement (ps)

1 520.62 56.82 41.30
2 541.92 52.37 39.62
3 509.37 65.15 46.33
4 512.19 64.99 46.48
P 5 499.37 77.43 53.98
6 523.27 62.97 46.00
min 499.37 52.37 39.62
max 541.92 77.43 53.98
SD 1457 8.57 5.02
average 517.79 63.29 45.62
(b)
Field Sampling No. RPM Torque (kg - m) Power requirement (ps)
1 52257 62.99 45.96
2 530.91 54.82 40.64
3 509.88 75.43 53.70
4 533.54 60.97 45.42
P2 5 519.78 63.15 45.83
6 552.00 50.37 38.82
min 509.88 50.37 38.82
max 552.00 75.43 53.70
SD 14.43 8.57 519
average 528.11 61.29 45.06

©

Field Sampling No. RPM Torque (kg - m) Power requirement (ps)

1 486.50 58.02 39.41
2 506.37 55.19 39.02
3 551.71 4858 37.42
4 602.87 4217 35.50
P3 5 575.90 46.90 37.71
6 568.51 48.46 38.46
min 486.50 4217 35.50
max 602.87 58.02 39.41
SD 44,13 5.77 1.41
average 548.64 49.89 37.92
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Table 6.5 The results of performance test for comparing rotary power
requirement (b type)
(a) Pl field, (b) P2 field, (c) P3 field

(a)
Field Sampling No. RPM Torque (kg - m) Power requirement (ps)
1 520.62 56.82 41.30
2 541.92 52.37 39.62
3 509.37 65.15 46.33
4 512.19 64.99 46.48
1 5 499.37 77.43 53.98
6 523.27 62.97 46.00
mmin 499.37 52.37 _ 39.62
max 541.92 7743 53.98
S.D 14.57 8.57 5.02
average 517.79 63.29 45.62
(b)
Field Sampling No. RPM Torque (kg - m) Power requirement (ps)
1 522.57 62.99 45,96
2 530.91 54.82 40.64
3 509.88 75.43 53.70
4 533.54 60.97 4542
P 5 519.78 63.15 45.83
6 552.00 50.37 38.82
min 509.88 50.37 38.82
max 552.00 75.43 53.70
S.D 1443 8.57 5.19
average 528.11 61.29 45.06

©

Field Sampling No. RPM Torque (kg * m) Power requirement (ps)

1 486.50 58.02 39.41
2 506.37 55.19 39.02
3 551.71 48.58 37.42
4 602.87 42.17 35.50
P3 5 575.90 46.90 37.71
6 568.51 48.46 38.46
min 486.50 42.17 35.50
max 602.87 58.02 39.41
S.D 4413 5.77 1.41
average 548.64 49.89 37.92
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Table 6.6 The results of performance test for comparing rotary power
requirement (developed)
(a) P1 field, (b) P2 field, (¢) P3 field

(a)

Field Sampling No. RPM Torque (kg - m) Power requirement (ps)

1 512.33 60.27 43.11
2 542.37 55.22 41.82
3 501.37 57.27 40.09
4 568.51 54.11 42.95
P1 5 529.95 53.91 39.89
6 552.86 54.27 41.89
min 501.37 53.91 39.89
max 568.51 60.27 43.11
S.D 25.16 2.50 1.37
average 534.56 55.84 41.62

(b)

Field Sampling No. RPM Torque (kg * m) Power requirement (ps)

1 527.15 56.32 41.45
2 565.32 54.97 43.39
3 549.83 54.73 42.02
4 509.71 58.80 41.84
P 5 498.86 62.43 4348
6 539.45 55.17 41.55
min 498.86 54,73 41.45
max 565.32 62.43 43.48
S.D 2491 3.02 091
average 531.72 57.07 42.29
()
Field Sampling No. RPM Torque (kg - m) Power requirement (ps)
1 558.80 4470 34.88
2 567.47 46.52 36.86
3 585.45 44.08 36.03
4 565.76 4711 37.22
P3 5 589.68 41.03 33.78
6 621.40 40.29 34.96
min 558.80 40.29 33.78
max 621.40 4711 3722
SD 22.95 2.80 1.31
average 581.43 43.96 35.62
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Fig. 6.12 The results of breaking performance of the developed and the
conventional blades

(a) P1 field, (b) P2 field, (c) P3 field
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Table 6.7 Breaking performance of the developed and the conventional blades

Rotary blades

Parti
Field . article a type b type Developed
size (cm)
weight ratio weight ratio weight ratio
(kg) (%) (kg) (%) kg) (%)
below 2 43 75.0 5.1 2.3 55 87.3
2 ~ 4 0.7 10.9 05 8.1 05 7.9
P1
above 4 0.9 141 0.6 96 0.3 4.8
total 6.4 100 6.2 100 6.3 100
below 2 47 74.6 49 76.6 54 84.4
2 ~4 0.8 12.7 0.8 125 0.5 7.8
P2
above 4 0.8 12.7 0.7 109 0.5 7.8
total 6.3 100 6.4 100 6.4 100
below 2 48 81.4 5.1 85.0 5.4 915
2 ~ 4 0.7 11.9 0.6 10.0 0.4 6.8
P3
above 4 04 6.7 0.3 5.0 0.1 1.7
total 5.9 100 6.0 100 59 100
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