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A gerotor is suitable for miniature manufacturing because it has a high discharge per cycle and a
simple structure, while also being widely used as lubrication oil of engines and the hydraulic
source of automatic transmission. In the automobile industry, it has been necessary to
continuously improve the flow rate and noise of internal gear pumps for better fuel efficiency
through optimal gerotor design. In this study, to obtain an optimal gerotor with an ellipse-elliptical
involute-ellipse combined lobe shape, an automatic program was developed for calculating
performance parameters and drawing a gerotor profile. An oil pump was assembled with the
optimal gerotor together with the port used at the actual field and CFD analysis was performed on
this assembly using Ansys-CFX. A performance test for the oil pump was carried out and showed
good agreement with the results obtained from the theoretical analysis and the CFD analysis.
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Theoretical analysis for generation gerotor profile

 Shape function of combined lobe shape
(Ellipsel-Elliptical involute-Ellipse2)

- Constitutive equations for contact point

* Inner rotor and outer rotor profiles

Optimal gerotor considering only
flow rate and irregularity

2
‘ Performance parameters ‘
‘ Flow rate, Irregularity ‘

v
Analysis of lobe shape and performance
parameters according to the values

of design

Performance parameters

This study (Ellipsel-Elliptical involute-Ellipse2)

-

Optimal gerotor considering flow rate,
v. pressure angle, specific sliding

Flow rate, [rregularity.
Pressure angle, Specific sliding
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Devel of. ic program for A -
designing gerotor profiles and \ !
calculating performances ]

Gerotor profile Flow rate
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- Fluid analysis of the oil pump with the
proposed gerotor

- Manufacturing the prototype and carrving
out the performance test of the oil pump
with the proposed gerotor

Specific sliding

Pressure angle

¥
- Sorting process from the cases with
errors (loop or cusp)
-Analysis  of performance parameters
according to the valies of design
parameters

Fig. 1 Comparison of this study with previous study
regarding to gerotor with ellipsel-elliptical
involute-ellipse2

Elliptical involute
Ellipse 2

Elliptical involute

Ellipse 1

<Combined lobe shape>

Fig. 2 Lobe shape combined with ellipsel- elliptical-
ellipse 2
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Fig. 3 Inner lobe shape generated from outer lobe shape
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Fig. 4 Schematic model for predicting flow rate and
irregularity

The location of contact point at outer

rotor before rotating The location of contact point at inner
\

-« rotor before rotating
~

Contact poim—\‘ \\\
Ro}a@g direction

——— /

’ 7
Movement Distance of Movement distance of
outer rotor, sp inner rotor, sy

Fig. 5 Schematic model for predicting specific sliding
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40 - dd_min = 38;

41 - dd_max = 42;

2 - del_dd = 0.1;

43

4 - Kkmin = 0.8;

a5 — Kk_max = 1.4; for ee = ee_min : del_ee : ee_max

46 - del_kk =0.1: for dd = dd_min : del_dd : dd_max

4 for kk = kk_min : del_kk : kk_max

48 - gammamin = 35; for gsamma_des = ganma_min - del_gamma © gamma_max
48 - ganma_max = 453 for eta_des = eta_min : del_eta : eta_max

50 - del_gamna = 1;

51

62 - eta_nin = 20

53 - eta_max = 30;

54 - del_eta = 1;

-

A[B[C|D|EJE] J | K L M

1 Design parameter Performance parameter

2 [ d 2 k |gamma| etha |Irregularity| Flow rate | Pressure angle | Specific slipping
3 3421] 38 (2179 |08 35 20 4.573 21.251 27.149 1.322

4 3421)38 (217908 36 | 20 | 4571 21.251 27.179 1.321

5 3421] 382179 08| 37 | 20 [ 459 [ 21251 27.211 1.319

6 3421]38 [2179[ 08| 38 | 20 | 4.567 | 21.251 27.244 1317

7 3421|138 217908 39 | 20 | 4566 | 21252 27.278 1.315

8 342138217908 40 | 20 | 4565 | 21252 27314 1313

9 3421|388 [2179 08| 41 | 20 | 4564 | 21252 27.351 1311

10 3.421[38 [2179 [08 | 42 | 20 | 4563 | 21252 27.388 1.309

Performance parameters regarding to each combination of design parameter

Fig. 6 Automated design program for generating ellipse
1-elliptical involute-ellipse 2
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Fig. 7 Results automatically generated from the
performance calculation program
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d=38.00 rl2=4.1895 k = 1.04 gamna = 45.00 eta = 25.00 _calculation done !!!! (4330 / 543305 )
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Fig. 8 Sorting process from cases with errors (loop or
cusp)
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Table 1 Values of performance parameters according to
changes of design parameters

Design | Flow rate |Irregularity| Specific | Pressure ?
parameter| (cc/rev) (%) sliding | angle(®) "
40.23 22.39 4.46 1.08 33.46 1:
43838 | 2015 | 419 | 120 | 2347 i
36.46 23.02 5.97 0.85 30.04 B
4.70 Error o
rl,| 4.48 20.15 4.19 1.20 23.47 S0 02
4.25 20.40 4.28 1.16 25.57 Fig. 9 Profiles of optimal gerotor (ellipse 1-elliptical
0.81 Error involute-ellipse 2)
ki| 0.77 20.15 4.19 1.20 23.47
0.73 20.14 4.23 1.21 24.30 Table 4 Comparison of performance parameters of
34.65 | 20.15 4.16 1.22 24.27 optimal gerotor (ellipse 1-elliptical involute-
y | 33.00 20.15 4.19 1.20 23.47 ellipse 2) with those of existing one (circle)
3135 Error Flow rate [Irregularity] Specific | Pressure
21 | 2015 4.1 135 | 2520 (kg/s) | (%) | Sliding | angle(®)
nl 20 | 2015 4.19 120 | 2347 Elllell | 06714 | 4.19 120 | 2347
19 20.15 4.1 1.32 25.20 inv-ell2 | (2.8%1) | (24.3%1) | (48.1%]) | (17.0%])
Circle 46534 | 337 231 27.47
(existing)
Table2 Amount of values of the performance

parameters to be changed according to changes
of design parameters

Design |Flow rate|Irregularity| Specific | Pressure
parameter | (%) (%) Sliding (%) |angle (%)
d 14.2 42.5 29.2 42.6
rl 1.2 2.1 3.3 8.9
ki 0.04 0.9 0.8 3.5
Y 0 0.7 1.6 3.3

Table 3 Optimal design parameters of gerotor (ellipse 1-
involute-ellipse 2)
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Fig. 10 3D modeling of oil pump to carry out CFD
simulation
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Fig. 11 Port shape designed by empirical know-how in
actual field
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Fig. 12 Mesh generation for CFD analysis

Table 5 Material properties of AFT

Kinematic | Dynamic
viscosity viscosity

80°C 799.7 kg/m® | 8.2 mm*/sec |0.0066 kg/ms

Temperature| Density
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Fig. 13 CFD analysis results of oil pump with optimal
lobe shape (ellipsel-elliptical involute-ellipse2)
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Fig. 14 Prototypes manufactured according to optimal
lobe shape
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Fig. 15 Performance equipment of oil pump
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Flow rate (kg/s)

=s—Existing(circle) =s=ell-ell inv-ell

o
@ &

07 Rt _)‘ 0.5389 kg/s
s
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(14.56%T)
Rotating velocity (rpm)
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Fig. 16 Comparison of flow rates of optimal gerotor
(ellipsel-elliptical involute-ellipse2) with

existing one (circle)
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—Circle(Exisitng)

75.00

Noise (dB)
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Rotating velocity (rpm)
Fig. 17 Comparison noises of optimal gerotor (ellipsel-
elliptical involute-ellipse2) with existing one
(circle)
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Table 6 Relationship between performance parameters
and noise when working at 2500 rpm

Optimal Existing
gerotor gerotor
(ell-ell inv-ell) | (circle)
Irregularity @ 44310/90 M 3.37
Theoreti.cal Sp.ec.iﬁc 1.20 231
analysis sliding (48.1% |)
Pressure 23.47
angle (°) (17.0% |) 2747
CFD analysis | Irregularity 3.95 3.10
27.4% 1)
Performance Noise 76.81 83.58
test (dB) 8.1% |)

Table 7 Comparison of flow rates calculated by
theoretical and CFD analyses and performance
test at 2500 rpm

Theory | CFD analysis | Performance test

Flow rate

(ke/s) 0.6714

0.4963 0.5489
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