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An Analytical Investigation of a Hydraulic Clutch System of
Powershift Transmission
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Abstract: This study presents an analytical model of hydraulic clutch system of a power shift transmission to
analyze pressure modulation characteristics. A typical hydraulic clutch system was modeled by using AMESim
in which the parameters of major components were measured for simulation. Test apparatus was established
using the components of power shift and power shuttle clutches with instrumental equipment. The results of
simulation and experiment were so close that the proposed analytical model in this study was validated.
However the cylinder model analogized clutch dynamics need to be improved in future study. The effects of
parameters of orifice diameter, accumulator stroke and oil temperature on pressure modulation were analyzed
respectively. The results of parameter sensitivity analysis show that modulation time and set pressure can be
easily adjusted by changing parameter values. It is also found that the hydraulic clutch system used in this
study is so susceptible to oil temperature that cooling equipment is necessary.
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Fig. 4 Circuit diagram of a hydraulic clutch system
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Table 1 Specification of instrumental equipment

Component Model Specification ]
Max, :
Pressure Sensys, PMSK 2;?)};, ;;essire T
tr 0950 KAIA cqf/em
ansducer 20 Accuracy:0.5%
. NI DAQ-Card |Input: 16Channel
AD converter) " eheor 0Output: 2Channel
Power METEX .
supply MS-9160 0~30V, 0~3A
) HBM . . :
Data logger MGC plus Frequency: 800Hz
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Parameter Values for AMESim Simulation
Component Property Value
Density 8725 kg/m®
Bulk modulus 17,000 bar
oil Absolute viscosity | 44.8 ¢P
Temperature 40 C
Viscosity index 6
}S:H fontent (1).112% ’
1splacement .2 Ce/rev
Pumnp Typical speed 1,000 rpm
Piston diameter 28 mm
| Spring rating 12.74 N/m
i&ccumula Stroke 25 mm
or Spring load wh
prng foacd WhE | 1054 N
fully discharged

AZE W&y fgeAadel daH a7

Component Property Value
Charact. flow rate |1 Ipm
Correspondin;

Orifice, rresponcing 1 bar

fixed pressure drop

e Max. flow coeff. | 0.1
Diameter 0.7 mm

Relief Cracking pressure | 10 bar
Flow rate pressure

valve #1 . 2.8 Ipm/bar
gradient

Relief Crackmg pressure | 3 bar

‘ Flow rate pressure |

valve #2 . 8 lpmy/bar
gradient
Min. signal value 0
Max. signal value |1
Charact. flow rate

X . 1 Ipm

Orifice, al max. opgmng
Corresponding

variable , 1 bar
pressure drop
Orifice diameter at

. 5 mm
| maximum
Max. flow coeff. 0.7
Spool diameter 10 mm
Rod diameter 5 mm
| Spring_ stiffness 10 N/mm
4 way %ga}; flow coeff. 0.7
directional ‘g . L 30 mm
A displacement limit

vawe Gain 4, 4
Underlap
corresponding to 1,1
zero displacerment
Cylinder diameter 110 mm
Rod diameter 52 mm
Spring stiffness 62 N/mm
Spring force at

. 1251 N

Cvlinder zero displacement

(shift and | Moving mass 05 kg

shuttle) Viscous friction 1,000 N/mv/s
Lower displacement
.. 0 mm
limit
Higher 1.8 mm

| displacement limit '
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