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A differential is a mechanical device that supports smooth driving, by allowing each of the two wheels, to rotate at
differential speeds during a turn. This is particularly crucial for tractors, as they mainly work on the ground, often becoming
stuck off-highway, or falling into pits. When the tractor wheel is stuck off-highway, it is difficult to get the wheel out, as the
differential of the tractor reduces friction between the wheel and the ground surface. In order to prevent this wheel slip
situation, the differential locking device, which restricts the two wheels on the axle to the same rotational speed, has been
used in the axle of the tractor. In this study, analysis models of the hydraulic system and the dog clutch were developed to
predict the performance of the differential locking device. Using the LMS imagine. AMEsim software, the analysis models
were verified by comparing the simulation results with the experimental data. Using the models developed, the influence of
the release time of the differential locking device on selected design parameters was analyzed, to determine the effect on
the release time of the differential locking device. As a result, design values that will improve the performance of the
differential locking device were derived.
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NOMENCLATURE

p= Density of oil

U, = Coulomb friction coefficient

A, = Area of the hydraulic piston

a, = Orifice size

C, = Function of the cross sectional O-Ring diameter
C, = Flow coefficient

fo = Friction force

K, = Function of the O-Ring shore A hardness

k, = Return spring coefficient

m, = Equivalent mass of the fork and hydraulic piston

my = Mass of the fork with a shift dog clutch
m, = Mass of the hydraulic piston

P;, = Inlet pressure of orifice

P, = Pressure in the hydraulic piston

0, = Flow rate into the hydraulic piston

S = O-Ring compression

T, = Release time of the hydraulic piston

xo = Initial position of the hydraulic piston

x, = Stroke of the hydraulic piston
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(a) Photo of a differential locking device
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(b) Designation of a differential locking device

Fig. 1 Configuration of a differential locking device
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Fig. 2 Cross section of a hydraulic piston
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Fig. 3 Hydraulic circuit of a locking differential device
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Fig. 4 Analytical model of a differential locking device using LMS.
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Fig. 5 Current and pulse width modulation to control the
proportional control valve

Table 1 Design parameters of a differential locking device

Parameters -20% Baseline 20%
Orifice size (mm) 1 3 5
Piston dia. (mm) 20 30 40
Piston stroke (mm) 3 5 7
Spring pre-load (N) 210 290 370
Spring coefticient (N/mm) 27.29 47.29 67.29
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Fig. 7 Comparison between experimental results and simulated
results of supply pressure (Py), hydraulic piston’s pressure
(Pp), displacement (x,,)
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Fig. 8 Variations of a differential locking device’s design parameters
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