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Abstract: In a cable yarding system, a small-scale tower yarder attached to a farm tractor wasdeveloped and used
for small-diameter tree harvesting operations. Based on this design, improvement of traction performance was required
for medium- and large-diameter tree harvesting operations. In this study, the mechanical transmission employed for
the tower yarder was modified into ahydro-mechanical transmission system. Maximum traction forces, including
tractor engine speed and hydraulic power pressure, were investigated, and comparisons were made between the
mechanical and hydro-mechanical transmission systems. Six tractor engine speeds (1,200, 1,400, 1,600, 1,800, 2,000,
and 2,200) and three levels of power transmission mechanism pressure (4.9, 6.9, and 8.8 MPa) were investigated in the
two different transmission systems. Results showed a maximum traction force of 15,146.6 N at an engine rotation speed
of 757 rpm in the current mechanical transmission system, and 36,140.0 N at anengine rotation speed of 1,575 rpm in
the modified hydro-mechanical transmission system. The maximum traction forces for the hydro-mechanical transmission
were 2.4 times greater than those of the mechanical transmission, and may therefore be applicable to medium and
large-diameter tree harvesting operations. Thus,as a modified version of the conventional transmission system, the new
hydro-mechanical transmission system may be cost-effective for use in large-scale cable yarding operations. In the future,
however, it will be necessary to investigate problems that may arise from field application tests.
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Table 1. Specification of the farm tractor as a base machine.

Items Specification

Engine rated output (kW/rpm) 67/2,200
Length (mm) 4,090
Width (mm) 2,220
Height (mm) 2,718
Lowest height ground (mm) 338
Tire front (inch) 13.6~24 / 8PR

rear (inch) 16.9~34 / 8PR
PTO rated output (kW/rpm) 540 / 747 / 988
Max. gross weight (kg) 3,941
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(a) Current used the tower-yarder.

(b) Upgraded the tower-yarder.

Figure 1. Tested small-scaled tower-yarder.
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Table 2. Specification of current and upgraded of small-scaled tower-yarde.r

Items Current Upgraded
Designed max. pulling force (kW) 60 67
Length (mm) 4,090
Width (mm) 2,220
Height (mm) 2,718
Traction (N) 9,810 29,430

Equipped winch drum

Max. yarding distance (m)

Power clutch type

mechanical single clutch
with hard lever

sky line drum
main line drum
haulback line drum

200

mechanical tripple clutch
with hydraulic cylinder

Proximity
sensor

\

Load Ce

Figure 2. Measuring device of traction force..
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Figure 3. Free body diagram.
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(a) Proximity Sensor
(Engine speed)

Data
logger

Meter
(F-V converter)
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(b) Proximity Sensor
(PTO speed)

(¢) Pressure sensor

(Lever)

Figure 4. Sensor location of pressure and rotational speed for traction analysis.
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Table 3. Specification of data acquisition system.

Items

Specification

Data logger

AC adapter :

100 to 240 VAC, 50/60HZ

DC input : 8.5 to 24 VDC

Load cell

rated capacity(R.C.) : 500kg, 1, 2, 5, 10T

rated output(R.0.) : 2mV/V £ 0.2%

excitation voltage :

Proximity sensor

Strain amplifier

10V(Recommended), 15V(Max.)

control output : NPN Normally Open
residual voltage :
current specification :

2 V Below
10mA Below

measuring range : 24 VDC
display range :
frequency response :

105 mA at 24 VDC
max. 2.5 W

output : current, 4 ~ 20 mA

Pulse meter

sensor power supply : 12 VDC £ 10%, 80mA
power consumption :

6 VA Below

Measuring device of traction force

Figure 6. Scene of traction measurement.

Table 4. Experimental variables and it measurement levels.

Variables

Level

Tractor engine speed, rpm
Lever position(Current)

Master cylinder pressure, MPa(Upgraded)

1,200, 1,400, 1,600, 1,800, 2,000, 2,200
Full leveling
49, 6.9, 8.8
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< Operation Lever

Plate Type Cylinder

(b) Hydraulic-Mechanical

Figure 7. Lever of power transmission system.
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Where,

A : Cross section of master cylinder (m’)
D : Outer diameter of master cylinder (m)
L : Pulling force (N)

L, : Ratio of lever (21:1)

L
P, : Pressure of master cylinder (kgf/m’)

me - Force pushing master cylinder of lever (N)
A, : Cross section of plate type cylinder (m’)
R, : External diameter of plate cylinder (m)

R, : Inside diameter of plate cylinder (m)

P,.» : Pressure of plate type cylinder (kgf/m’)
F. : Force of plate type cylinder (N)
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Figure 8. The two clutch assemblies used for traction performance test.
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Where,

T : Torque of clutch (N-m)
: Coefficient of friction (0.5)
: Force of plate type cylinder (N)

: Average radius of clutch (m)

SISV VRS

: Cross section of clutch (m’)

R, : External diameter of clutch (m)
R, : Inside diameter of clutch (m)
Z : Number of clutch (3EA)
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Table 5. PTO torque of the base machine by engine speed.

Engine speed (rpm) PTO torque (N'm)

1,210 330
1,310 370
1,400 375
1,500 365
1,600 360
1,700 350
1,800 335
1,900 330
2,000 320
2,100 300
2,200 280
2,290 245
2,310 185
2,320 130
2,320 60
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Figure 9. Traction force of current used small-scaled tower-yarder by engine speeds.
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Figure 10. Traction force of Upgraded small-scaled tower-yarder at lever pressure (4.9 MPa) by engine speeds.
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45,000 500
@Measured traction force(6.9 Mpa) APTO Torque
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Engine speed, rpm

Figure 11. Traction force of Upgraded small-scaled tower-yarder at lever pressure (6.9 MPa) by engine speeds.
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Figure 12. Traction force of Upgraded small-scaled tower-yarder at lever pressure (8.8 MPa) by engine speeds.
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Engine speed, rpm

Figure 13. Comparsion between the traction force distributions of current used and Upgraded
small-scaled tower-yarder by lever pressure and engine speed.
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