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Development of Monolith Type Driving Pulley of Power
Steering Hydraulic Pump
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Abstract: Most power steering systems work by using a hydraulic system to turn the vehicle's wheels. The
pressure is usually provided by a hydraulic pump driven by the vehicle's engine. A double-acting hydraulic
cylinder applies a force to the steering gear, which in turn applies a torque to the steering axis of the road
wheels. The flow to the cylinder is controlled by valves operated by the steering wheel ; the more torque the
driver applies to the steering wheel and the shaft it is attached to, the more fluid the valves allow through to
the cylinder, and so the more force is applied to steer the wheels in the appropriate direction. Since the pumps
employed are of the positive displacement type, the flow rate they deliver is directly proportional to the speed
of the engine. And for a long time, the type of hydraulic pump pulley was boss welding type. But recently,
monolith type driving pulley is widely used. Therefore in this paper we studied the safety of monolith type
driving pulley to the extracting force and endurance by FEM analysis and experiments
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(a) boss welding type (b) monolith type

Fig. 2 Comparison of boss welding and monolith
type pump pulley
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Fig. 3 Machining processes of monolith
power steering pump pulley
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Fig. 5 Drawing and FEM model of monolith type
power steering pump pulley

Table 1 Simulation parameters

Parameter Pulley Shaft
Material SPHC Structure steel
Young's modulus | 216 x 10°MPa 200 x 10°MPa
Poisson's ratio 0.29 0.3
Yield strength 285MPa 350MPa
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Fig. 6 Boundary conditions of FEM analysis for
the belt tension analysis
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(b) total deformation

Fig. 7 Simulation results of equivalent stress and
total deformation
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Fig. 8 Boundary conditions of FEM model for the
extracting force safety analysis

Table 2 Design criteria

Fixed type Monolith

Inserting force 7.357N (750kgy)

Extracting force More than 9,810N (1,000kg;)
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Fig. 9 Simulation results of equivalent stress

2254
21883
21187
2051
15834
19168
18481
17806
171.28 Min

0.000 00 {rnim)

5,000

Fig. 10 Simulation result of equivalent stress
distribution (at simulation step 1.0)
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Fig. 11 Simulation result of reaction force of
monolith type driving pulley
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Fig. 12 Simulation results of reaction force for the
variations of penetration length
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Fig. 13 Test apparatus and data acqguisition system
for the reaction force test
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(b) twisting test

(a) bending test

Fig. 16 Test apparatus of bending and twisting
endurance test

(a) bending test (b) twisting test

Fig. 17 Excitation data of bending and twisting
endurance test

results of bending and twisting

Fig. 18 Test
endurance test
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