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Abstract

Gerotor pumps are a kind of internal gear pump, widely used in applications of lubricating system
of on-road or off-road engines. Normally their outer rotors are the circular arc profile while their
inner rotor profile is the conjugate curve of the outer rotor. This research focuses on how to de-
rive the combined trochoidal profile of a gerotor pump. The hypocycloidal and epicycloidal profile
of the inner rotor is generated at first. And then the profile of the outer rotor, based on the inner
rotor profile, is obtained by analytical approach and computationally graphical approach. The
paper provides feasibility to develop the unconventional profile of a gerotor pump.
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1. Introduction

It is well known that internal gear pumps have lower noise than external gear pumps because gears of the former
rotate along the same direction, yielding lower relative velocity, while that of the latter do along the inverse di-
rection with higher relative velocity. Moreover, the overlap coefficient of internal gear pumps is greater than
that of external gear pumps, therefore the former rotates much more smoothly than the latter. Gerotor pumps
belong to a kind of internal gear pumps, which are positive displacement pumps. Compared with external or
other internal gear pumps, they have advantages of less components, simple structure, compact size, low noise,
and low pulsation of flow rate. Therefore they are widely used in applications of lubricating system or fuel
supply system of on-road or off-road engines [1]. The main components of a gerotor pump include an inner rotor,
an outer rotor, and a housing in which inlet (suction) and outlet (delivery) ports are machined. The inner rotor is
placed inside the outer rotor and it positions itself at a fixed eccentricity from the outer rotor center. The inner
rotor is driven by input torque, generally generated by a motor or engine, and the outer rotor rotates with it since
they contact each other at less several points of their geometrical profiles. Thus the profiles of the inner and out-
er rotors are a pair of conjugate curves.

The inner rotor has one tooth less than the outer rotor, and they have a special type of conjugate profiles
which always ensure contact of the inner and outer rotors at several points [2]. The profile type of conventional
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gerotor pumps is trochoidal profile, which refers to any of the cycloid including the curtate cycloid and the pro-
late cycloid. This profile is widely used in profile generation of gerotor pumps [3]-[5]. Reference [6] utilized in-
ternal rolling method to design the profile of the inner rotor, which is the equidistant curve of the trochoid along
the inside direction of the common normal line, and the circular arc profile of the outer rotor, as shown in Fig-
ure 1. This is a conventional profile type of gerotor pumps, about which researchers have done lots of work
[71-[9].

This paper proposes a combined trochoidal profile, i.e. hypocycloidal and epicycloidal curve, of the inner ro-
tor, and the outer rotor is a conjugate profile of it. The generation of the combined trochoidal profile of the inner
rotor is given in Section 2. And then the outer rotor profile, based on the inner rotor profile, is developed via
analytical approach and computationally graphical approach stated in Section 3. The last section is conclusion.

2. Generation of Combined Trochoidal Profile of the Inner Rotor

The profile of the inner rotor is composed of a segment of hypocycloidal curve and a segment of epicycloidal
curve. In order to connect the hypocycloid and epicycloid in radial direction, their base circles have the same ra-
dius of R;. And the following condition should be satisfied so that the hypocycloid and epicycloid could connect
on the circumference of the base circle: the sum of circumferences of the rolling circles to generate hypocycloid
and epicycloid is one Z;-th of the base circle circumference, namely the following equation.
R 1Z, =7(r, +1,) (1)

Of course, the hypocycloidal and epicycloidal curves can connect at a point on the circumference of the base
circle but the slopes of their tangential lines at this point may be not same. It can be solved by adding a fillet
between them

It is not difficult to derive the parametric equations of the hypocycloid and epicycloid, expressed by Equation
(2) and (3), where f is parameter, the angle between the x-axis and the line determined by the center of the base
circle, Oy, and the center of the rolling circle of the hypocycloid or epicycloid, Oy, or O, as shown in Figure 2(a).
For the inner rotor with lobe number Z; = 6, the whole profile is to repeat the segment of hypocycloidal or epi-
cycloidal curve by six times along the circumference, as shown in Figure 2(b).
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Figure 1. The trochoidal profile of the inner rotor and the
circular arc profile of the outer rotor [3].
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Figure 2. (a) A lobe of combined hypocycloidal and epicycloidal profile (b) Profile of the inner ro-
tor and base circles of the inner and outer rotors.

The meshing principle of two rotors can be stated as following. When the inner rotor and the outer rotor rotate
together around their centers O; and O, respectively, their pitch circles with radius of R; and R, actually rotate
by contacting at the point P without slipping, as shown in Figure 2(b). The base circle of the inner rotor is
served as the pitch circle here. The lobe number of the inner rotor is Z; = 6 and the distance between the centers
of two rotors is eccentricity, e. The following relations are adopted in the research: R; = Z;e and R, = Z,e [6]. As
the inner and outer rotors rotating, their profiles form a pair of conjugate profiles. Now the problem is how to
derive the outer rotor profile based on the hypocycloidal and epicycloidal profile of the inner rotor.

3. Development of Conjugate Profile

Base the combined trochoidal profile of the inner rotor, two different methods are proposed in this section. One
is to obtain profile coordinates of the outer rotor according to the above meshing principle. The other is via
graphical approach to determine the envelope curve of the outer rotor.

3.1. Analytical Representation

Now the geometrical relation of the inner and outer rotors is analyzed to derive the profile of the outer rotor, i.e.
the conjugate profile of the inner rotor lobe. The pitch circle of the outer rotor is fixed and let that of the inner
rotor rotate along the former. The center of the inner rotor, O;, moves to O’; as the contact point P moves to P’,
as shown in Figure 3. The angle between line 0,0, and line 0,0, is 4. Considering that the rotated arcs of the
pitch circles of the inner and outer rotors are of the same length, the rotary angle of the inner rotor is

R,0 _9_62219 _ [

S0 __ 0 4
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In fact, the contact point of the inner and outer rotors at this rotary angle is point N, which has corresponding
coordinates for the inner and outer rotors, Niy(Xin, Yin) @and Now(Xout: Yout), respectively. Considering the polar angle
of the point Ni,(Xin, Yin) ON the inner rotor, the following Equation (5) establishes.
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By using the rotary matrix, coordinates of the conjugate point Nou(Xou Your) are expressed by Equation (6),
which gives the analytical equation for the profile of the outer rotor.
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3.2. Computationally Graphical Approach

Graphical approach to obtain the conjugate profile of the outer rotor is simple, intuitive, and practical, but with
shortcoming of low precision. However, precision of graphical approach can be greatly improved with the aid of
a computer. By this approach, the outer rotor is fixed at first, and let the pitch circle of the inner rotor rotate
along the inside of the pitch circle of the outer rotor without slipping. With rotation of the inner rotor, its lobe
profile will form family of curves, and the outer envelope curve is right the profile of the outer rotor, as illu-
strated in Figure 4. It is not difficult, with numerical computation, to find coordinates of the lobe profile as the
inner rotor locates in different rotary angles and coordinates of the outer envelope curve, namely the profile of
the outer rotor.

4. Conclusion

Trochoidal profile is widely applied on gerotor pumps. However, the combined profile of a gerotor pump is in-
vestigated in the paper. The hypocycloidal and epicycloidal profile of the inner rotor is generated firstly. And
then the profile of the outer rotor, the conjugate profile of the inner rotor, is developed. In order to find the
con-jugate profile of the combined trochoid, two approaches are proposed. The analytical equation of the con-
jugate curve is obtained by analysis of geometrical relation. On the other hand computationally graphical ap-
proach is feasible via the numerical computation. The next work is to optimize the designed conjugate profiles
and im prove performances of the gerotor pump, such as flow rate pulsation, volumetric efficiency, and so on.

Figure 3. Rotation of the pitch circle of the inner rotor
along that of the outer rotor without slipping.

Figure 4. Profile of the outer rotor: outer envelope
curve of the inner rotor lobe.
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Nomenclature
e eccentricity Yin-e y-coordinate of epicycloidal curve of inner rotor
re radius of rolling circle of epicycloid Yin-h y-coordinate of hypocycloidal curve of inner rotor
Ih radius of rolling circle of hypocycloid Yin y-coordinate of inner rotor profile
Ry radius of pitch circle of inner rotor Yout y-coordinate of outer rotor profile
R, radius of pitch circle of outer rotor Z; lobe number of inner rotor
Xin-e x-coordinate of epicycloidal curve of inner rotor Z, lobe number of outer rotor
Xin-h x-coordinate of hypocycloidal curve of inner rotor /i parameter of epicycloid or hypocycloid
Xin x-coordinate of inner rotor profile 0 rotary angle of inner rotor center

Xout

x-coordinate of outer rotor profile
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