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A Study on the Approximate model of the Flow rate
Characteristics in External Gear pump for EHPS
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Abstract EHPS(Electro-Hydraulic Power Steering) is a system to generate the steering operation force from the
electric motor connected directly to the oil pump. To optimize the manufacturing cost and efficiency of the
performance of the steering system is very important. Until now, the development of the hydraulic system is
implemented by the field test which needs a significant time and cost. In this paper, flow measurement of an
external gear pump is performed. Then using the experimental results, an approximate model expressed by flow
rate characteristics is proposed to calculate the discharge flow rate. Proposed approximate model is verified by
comparing with the experimental data and AMESim results. As the experimental data and AMESim results agree
well, the approximate model data can be used as an alternative to highly cost experimental procedure.
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[Fig. 1] Schematic diagram of EHPS system[3]
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[Fig. 2] Driving principle of external gear pump
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[Table 1] Constant and Unit

Constant Unit
Addendum circle diameter (d ) mm
Center distance (@) mm
Normal pitch to axial perpendicular (%) mm
Width of the tooth (b) mm
Spiral angle (ﬁg) °

[Fig. 4] (a) 3D model of external helical involute type
gear pump

(b) Structure of external helical involute type
gear pump
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(a) [Fig. 7] Approximate model flow rate characteristics 3D
graph
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[Table 2] The Summary of Results from Multiple Linear Regression

(a) Analysis of variance

S\i)aurri;ewzf Dfergeifi;:ijf Sum of squares Mean of squares F Significance of F
Regression 2 451.79 225.87 127289.42 0.000
Residual 107 0.19 0.000

Total 109 451.92

(b) Multiple Linear Regression (Coefficient of determination=0.99958, Adjusted coefficient of determination=0.999572)

Variable Coefficients Standard error Test statistic P-value

Constant 0.03505 0.01267 2.77 0.007

Pressure -0.006 -0.006 -45.82 0.000
RPM 0.001554 0.001554 488.35 0.000
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[Fig. 8] Gear pump flow rate characteristics by

approximate model v.s flow rate characteristics
by experimental data and AMESim results
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[Table 3] Constant conditions
Constant Condition
Number of teeth () 13
Gear module (7117) 1.125 mm
Width of the tooth (b) 12.1 mm
Contact angle (¢) 20 °
Volumetric efficiency (7,,,) 0.99
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