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Fig. 1- Two-wheel Tractor of garden (Tiller, WEIMA 1100 AE)
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Table 1- The specification of technical Tiller machine

WEIMA 1100 AE (Model) Jos
1050x570x780 (mm) (Dimensions) sl
135 (kg) (Weight) ;5
1-4 (km/h) Km/hy sl w5, oS o e o
6.6/3600 (kw/rpm) el [ e
rotation speed / power (kw/rpm) 39530

(Electricaly %, =l (Start system) < Lol ginw Engine
Single cylinder air, cooled diesel engine jailow <5 s g J3o 5590 (Type) g5
SBlasl Sio (Type of clutch) .5 JUsl g g5 g9
150-300 (mm) Plow depth) w5 gee
750-1300 (mm) (Average working width) 5 s ,e Lugie

@ () © (&) @ (@)

Oly JWS! s - Y JSUS
157%) 5579, (Z € 9 ¥ sowidg 32) muslo (bosdee sd oing 2 (¥ 9 ) (SoWidE 32) 41515 o3l (gla oIdF o diddnza (& ¢ y97 g0 (I
15995 997 59y J1991)S 9 g 803 £ (5 9 (Laks

Fig. 2- Power transmission system
a) engine, b) gearbox, spur gears (gears 1 and 2), hypoid gears (gears 3 and 4), c) Rotary axle and d) Pinion and Cranvil gears
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Table 2- Gears and their ratios in gear ratio 1

" odis Comw N wlss sl

ouid éﬁ B)Loui:

(Gear ratio) (Number of teeth)  (Gear numbers)
036 o ; o
0.23 4112 j Gearbox
0.35 g 2 2 o5

Axle of blades (rotor)
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Fig. 3- Schematic view of the transmission of power from the clutch handle to its arm
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Fig. 4- Clutch handle of Tiller

1- Mechanical Advantage (MA)
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Table 3- Measured values of Force and dimensions on a number of tillers from 5.5 to 10 hp

F2 (N) L2 (mm) L1 (mm) F1 (N) (Tiller type) ,Ls ¢4
170 100 20 34 5.5hp s, s
160 120 30 40 7.5hp s ,Ls
252 120 20 42 7.5hp Lls Ls
200 140 25 44 8hp Luys s
250 150 30 50 9hp Ly ,hs
250 150 30 50 9 hp Lls ,Ls
250 150 30 50 10 hp L Hhs
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1- Mechanical Force (MF)
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Fig. 6- Influence of mechanical advantage (MA on the mechanical force (Fs)
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Table 4- Some Properties of Clutch Lining (Shigley, 2014)

ol o (B SISl 3o Sluogas
Woven Lining Property

70-100 (MPa) Compressive strength 6 ,Led Coglie

17-21 (MPay Tensile strength S Canglie

200-260 (°C) Max. temperature Los oo Sl

0.6-1 (MPa) Max. pressure JFCPOVTIN

0.45 Frictional coefficient (f) SBhasl o

0.47 Static frictional coefficient (i) Sl Sl oo
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Table 5- Geometric characteristics and axial force of the clutch plate
D (mm) d(mm) T (N.m) f D3-d® D2-d? 3T/t F (kN)
150 30 597 0.45 3348000 21600 5427 35
140 30 597 0.45 2717000 18700 5427 37
130 30 597 0.45 2170000 16000 5427 40
120 30 597 0.45 1701000 13500 5427 43
110 30 597 0.45 1304000 11200 5427 46
100 30 597 0.45 973000 9100 5427 50
90 30 597 0.45 702000 7200 5427 55
80 30 597 0.45 485000 5500 5427 61
70 30 597 0.45 316000 4000 5427 68
60 30 597 0.45 189000 2700 5427 77
50 30 597 0.45 98000 1600 5427 88
MA (Sl 2 30
2 4 6 8 10 12 14 16 18
60 . . L . . . . 60
—@— F (Single disc)
50 - 50 .
. 3: F (Two-disc)
& 40 - L a0 9 .
9 g —@— F (Three-disc)
% 30 l“ r 30 i; F (Four-disc)
2 20- e o L 20 € —e—F (Five-disc)
- 77777.7777‘7”"".”*0 L e (Six-disc)
10 - - 10
0 : . . 0 —e—F3(N)
40 60 80 100 120 140 160
D (mm) g™ axie b L
1 dmiuo sizr (Slo EIS 50 (SHIo a0 9 (55970 S8 2 @IS Axhuo s U A UL
Fig. 8- Influence of clutch disc diameter on the Mechanical Force (F3)
and Mechanical Advantage (MA) on multi-disk cluthes
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Fig 9. Cross section of a cone clutch (right) and clutch friction surface (left)
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Fig. 10- Influence of clutch width (H) on axial Force F (kN) of cone type
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Table 7- The geometry and frictional specifications of the selected clutch with the lowest actuating force

D (mm)

d (mm)

0. (degree)
T (N.m)

f

H (mm)

F (kN)

150
140
10°
597
0.45
28.36
3.01
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Bill of material: Cone Clutch with Belleville Spring

Number Part Name Quantity
1 QOutside Cone 1
2 Desp groove bearing 1
3 Flanze 1
4 Balt [
3 Mut &
6 Frictional dick 1
7 Inside Cone 1
1 Clutch shaft 1
0 Balleville Sprinzs 1
10 Bearing shaft 1
11 Angular contact bearing 1
12 Chutch zrm 1
13 Support Bolt 1
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Fig. 12- 3D explosive and combined picture of the parts used in the clutch used on the modified tiller along with its
parts table
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Abstract

Tillers (2WTs) are among the types of small tractors that are usually used in greenhouses, orchards, and
paddy fields; they are most useful in places where it is difficult to move tractors. The existing tillers have
only one clutch for power transmission to the gearbox, and they do not have a clutch to guide and steer. For
this reason, they have many problems for turning and steering, especially under the trees and changing the
movement direction during work. Therefore, in this research, an attempt was made to solve this problem.
Two types of plate (disc) and cone friction clutches, which are the most used in agricultural machines, were
thought about. The torque generated on the rotors of a 9-hp tiller was calculated while the tiller was running
at gear ratio one. The applied forces from the operator (driver) to the clutch plate (disc) for engaging the
clutch was calculated. Having the amount of transmission force, torque and available space to the design of
the cone clutch, which can be used on the rotary axles of the tiller, was performed using 3D design software
(CATIA). To ensure the resistance of parts against failure and their correct operation, static analysis of
selected clutch parts that are exposed to maximum stress was performed in ANSYS software. The results
indicated that the clutch parts had appropriate strength and hence, would operate safely. Therefore, it can be
concluded that it is possible to use the cone clutch on such tillers.

Keywords: Cone Clutch, Disc Clutch, Single Axle Tractors, Static Analysis, Tillers
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