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Abstract. This article proposes parameter modeling for single screw pump and secondary development
platform based on CATIA. First, we establish geometric parameter modeling of screw (rotor) and fixed
bushing (stator) in CATIA. Then, a secondary development platform is developed by technology of VB
and function of V5 Automation which is the primary secondary development platform for CATIA.
Finally, we create a 3D model of 5/6 single screw pump and demonstrate the model’s accuracy. The
secondary development platform in the research can be applied to establish automatically 3D model of

single screw pump, and facilitate the deep analysis and research for single screw pump.

Introduction

The screw pump which is essential component of a wide variety of engineering systems has been used
in each area, especially petroleum field. Among various screw pumps, single screw pump is featured
by small hydraulic pulse, abundant choices of transferring medium, large transferring capability and
high stability and dependability of operations. Compared with piston pump and gear pump, it has huge
advantages such as high pump pressure, large displacement, high efficiency and low consumption of
energy [1]. So, as a result, researchers from international and domestic have deeply researched on
single screw pump from different perspectives. V.N.Sarakuz presented modernized single screw pump
[2]. Shatrov investigated design and technological features of shaping of single screw pump rotor
profile [3]. Bereaux.Y proposed a simple model of throughput and pressure development for single
pump [4].Jun Fei Wu presented effect of medium viscosity on the lift performance of full-metal single
screw pump [5].

Many researches have been proposed as review above, but the process of modeling of single screw
pump has taken much time. In order to increase efficiency, it is necessary to automatically
generate modeling for single screw pump. The object of this present research is thus to tackle this issue
by developing a  CATIA secondary development platform. =~ We  establish  geometric
parameter modeling of screw (rotor) and fixed bushing (stator) in CATIA. Then, the rotor and stator
are assembled to form a single screw pump. And by using CATIA V5 Automation API and VB
technology, we develop the CATIA secondary development platform to automatically complete
modeling of single screw pump. By this way, it take less time to create a new and accurate modeling

of single screw pump, and provide a convenient to deeply research on parameters of single screw

pump.
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Rotor and stator geometric parameter equation

At present, there are three types of single screw pump cycloid: the ordinary hypocycloid, the
short-amplitude cycloid and the curtate epicycloid. The disadvantage of the ordinary hypocycloid and
the curtate epicycloid is that it has some points which their curvature equal zero, so its equidistant curve
exist the phenomenon of knot, which accelerate pump wear. As the result, we select the short-amplitude
cycloid to design rotor and stator [6,7].

The short-amplitude cycloid stator equation

Xzz'Tesinu- esin(zu) (1)
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Where, the variable z is the number of rotor heads. The eccentricity e is a parameter that represents
the distance between the moving point and the center of rolling. The variable k is the variable amplitude
coefficient. The variable u represents the rolling angle.

The short-amplitude cycloid equidistance curve stator equation
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Where, the variable ais the offset distance and X is the derivative of x and Y is the derivative of'y.

The short-amplitude cycloid equidistance curve rotor equation
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Where, the variable j, is the angle oftwo adjacent gears and the range of u is between
0 0
180 an d180 .
4 4

Parameter modeling for single screw pump

Based on the equations of stator and rotor in the above, the modeling of single screw pump can be
completed, through 3D design software CATIA. When building the 3D models for stator and rotor, the
parameters of stator and rotor should be imported in the parametric modeling interface.

This article specifically introduces the process of the modeling of stator of 3/4 single screw pump
as follows. Firstly, in the formula window, the parameters which include 7, e, k and u are defined, and

the result is showed in Figurel.Then, the equidistance curve equation of stator should be imported in
Law Editor [8]. A point is established in the CATIA part design interface, through the equation of X
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and the equation of y, in Law Editor. In order to generate the profile curve of stator, we use
knowledgeware which is a part of CATIA to create some points which are connected to form the
curve. Through user feature definition which contains features of the first point, we use the Loop

Function to create the others points as shown in Figure 2 and Figure 3.

— . Te——

Figurel. Formula window Figure 2. Userfeature definition Figure 3. Loop
Then , the points are be connected by spline curve to form the profile of stator as shown in Figure
4 Finally, the 3D model of stator can be generated through the profile curve around the helix curve
which is established along z axis as shown in Figure 5. With the same method, the 3Dmodel of rotor

can be generated as shown in figure6, and the assembly model as shown in Figure 7.
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Figure 4. The profile curve of stator Figure 5. The model of stator of 3/4 single screw pump
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Figure 6. The model of rotorof 3/4 single screw pump  Figure7. The assembly model of 3/4 single screw pump

CATIA secondary development platform

The profile curve of stator and rotor of single screw pump is always complicated, so it takes much time
to establish parameter model, and increases workload of researchers. In order to establish parameter
model of single screw pump quickly and accurately, we develop the
CATIA secondary development platform to automatically complete modeling of single screw pump
by using CATIA Automation API and VB technology [9]. Some codes of the model of stator of 5/6

single screw pump as shown in Figure 8.
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S=Start CATIAx/

Dim CATIA As Object

S=Create the model of statorses
Dim partDocument1 As Document

For i = 1 To 368
®x = {z1*xesk) »* Sin{i = PI / 188) — e 3 Sin{z1 3 (i > PI / 188))
Yy = {(z1xe sk} = Cos{i = PI 7 188) + e x Cos{zl1x (i = PI s 188))
®x@ — (zZ1xe/K) = Cos{i = PI /s 188) — e = =z1 = Cos{(z1 = (i = PI s 188))
yls = —(z1xe/k) = Sin(i = PI 7 188) — e = =21 = Sin{z1 = (i = PI 7 188))
h = ((Z1xe/Kk) * (Zz1xe/k) + e % e »x 21 % z1 — 2 2 g = z1 = ] * Cos{z2 = (i = PI / 188333 =~ (1 7 2)
x1 = x — a = y@ # h
vl = y = a = x8 / h
Set HybridShapePointCoordl1l = hybridshapeFactoryl.AddHewPointCoord{x1, u1, BH)

Set hybridShapeHelix1 = hybridShapeFactory1.aAddNewHelix{reference3, False, referencelk, lead, 10#,
False., o#, O, False)

Set hybridShapebirectiond = hybridShapeFactoryl.AaddHewDirectionByCoord({6#, 1#, O}
hybridShapeSweepExpliciti1.PullingDirection = hybridShapeDirection
hybridShapeSweepExplicit1.SetAngleRef 1. OH

hybridShapeSweepExplicitil.SetAngleRef 2, (length 7 lead) = 360

partil_update

Figure 8. Some codes of the model of stator
The interface of VB for modeling of stator is shown in Figure9, and the modeling of stator is
illustrated in Figure 10.
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Figure 9. Parameter Modeling of Stator

The interface of VB for modeling of rotor is shown in Figurell, and the modeling of stator is

illustrated in Figure 12.
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Figure 11. Parameter Modeling of Rotor Figurel2. The model of rotor of single screw pump

The assembly model of 5/6 single screw pump is shown in Figure 13.There is no interference in the

assembly model which is tested by DMU Space Analysis function as illustrated in Figure 14.
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Figure 10. The model of statorof 5/6 single screw pump
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Figure 13. The assembly model of 5/6 single screw pump Figure 14. Cutaway view from the direction of x axis

Conclusions

In the article, the implement of parameter modeling for rotor and stator based on CATIA is presented.
Firstly, the mathematical parametric equations of rotor and stator are deduced which are then
translated into the form adapted for the Law Function CATIA. Then, a model of 3/4 single screw
pump is established in the modular of Knowledge Advisor in CATIA whose process is described
briefly. Finally, based on the method of parameter modeling, the secondary development platform is
established to automatically generate different typical kinds of single screw pump. A model of 5/6
single screw pump is quickly and accurately built by the platform. To validate the accuracy of the
model, the interference is analyzed in the modular of DMU in CATIA. The secondary development
platform greatly facilitates researchers developing the analysis of CAE (Computer-aided Engineering)
and CAO (Computer-aided Optimization).
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