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Design and analysis of a new type of
twin screw extruder

JIANHUA REN"?, XINYI L1U', JUNJIE ZHAO'

Abstract. The twin screw extruders are widely used. However, to ensure the special re-
quirements, a new type twin screw extruder with three-step is independent developed. There are
advantages of good compression effect and uniform mixing. In this paper, we analyze the four gaps
of meshing twin screw extruder, and introduces the overall scheme design, the structural layout
design, the determination of main parameters, and the screw mechanism design of the three-step
twin screw extruder. It is designed as deep channel and coarse-pitch thread in the feeding section.
And in the compression section, the pitch is changed from large to small by changing the pitch
in each segment and the compression effect is improved.Based on solid model of Pro/E, ANSYS
software is applied to carry out the three kinds of finite element analysis of screw— the static
analysis, the modal analysis and the harmonic response analysis.

Key words. Three-step twin screw extruder, finite element analysis, finite element analysis,
vibration mode.

1. Introduction

The twin screw extruder has been widely used in polymer processing industry
since its inception in 1935[1]. The material is divided into type C cells by two
screw kneading conjugate lines, with the rotary screw, the material is forced to
move forward with the intermeshing threads in twin screw extruder [2,3]. To satisfy
the requirements of the diversified and complex engineering material products in its
consistent development, it is necessary to develop the twin screw extruder with high-
performance, it adapts to the requirements of many kinds of small batch material
modification, and it must be combined with improving the engineering practical
production and productivity, which requires the twin screw extruder must meet the
suitable residence time and high shear force. In recent years, manufacturers have
launched some new twin screw extruders.

In the common twin screw extruder, the barrel of parallel twin screw extruder is
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equal diameter. It is difficult to achieve the larger compression of the fluffy material.
The conical twin screw extruder has good compression effect, but the mixed effect
is bad, the kneading strength cannot be adjusted. To achieve the compression and
mixing of the material at the same time, and according to the actual requirement to
adjust the compression ratio and the degree of mixing a new type of extruder— three-
step twin screw extruder, which is suitable for weight gain granulation of Methyl
Cellulose, was designed in this paper by the modern design methods and techniques
[1,4].

2. Four gaps of meshing twin screw

There are four gaps in the meshing twin screw extruder: These gaps indicate the
mutual position of the meshing twin screw, material is filled in the gaps, and the
position and size of gaps determine the force of the screw.

s is the gap between the flight tip and the barrel wall (namely flight gap).d. is
the radial gap (namely rolling gap). d; is the tetrahedral gap, ¢ is the angle between
the bottom of channel and the side of flight. §, is the side gap.
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}

Fig. 1. Flight gap

Fig. 2. Radial gap
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Fig. 3. Tetrahedral gap

Fig. 4. Side gap

3. The overall design of three-step twin screw extruder
According to the relevant theory of mechanical design and meshing theory, the
twin screw extruder is designed in detail, and acquiring relevant design parameters
by calculation. The main structure parameters are as follows:

1. Screw

Diameter: 196/186/176 Aspect ratio: 15/1 Rotation: co-rotating dextrorotation
speed: 100r.p.m Torque of each screw: 30000 NM Meshing center distance: 150 mm

1. Barrel
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Length of Barrel: Charge Section: 730mm. Discharge Section: 950mm. The
barrel with charge opening: A barrel with discharge opening: A form of barrel: For
cleaning of screw conveniently, it uses Harvard architecture. The overall arrangement
of stepped twin screw extruder, as shown in Figure 5:

Fig. 6. The structure of barrel

Fig. 7. The pattern of screw
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4. The structural design of screw

200/190/180 The three-step twin screw extruder is a specially designed twin
screw extruder. It has the following features:The feeding section has the deep chan-
nel, coarse-pitch thread, which is suitable for the fluffy fibrous material. The com-
pression section has the minor diameter, fine pitch thread.The various screw blocks
are modular construction. It can be assembled according to the needs and adjust to
the intensity of kneading.

After calculation, the three-dimensional solid models of the core shaft and each
thread element are as drawn inFigure 7. Finally, it is assembled in an integral for
forming screw.

5. The finite element analysis
5.1. ANSYS software

Therefore, ANSYS software is widely applied in all the fields of national produc-
tion[5,6].This section focuses on the utilization by the technology of CAD (Com-
puter aided Design) combined with CAE (Computer aided Design Engineering),
solid model of twin screw extruder is set up by using Pro/E software, and the screws
of the new type of three-step co-rotating twin screw extruder, including the core
shaft and thread element are analyzed by the finite element method with profes-
sional finite element analysis software of ANSYS in CAE, to investigate the loaded
stress and the condition of strain and improve its structure parameters, sequentially
it achieves the optimum design of structure|7].

5.2. Static analysis

Structural statics analysis is applied to analyze the displacement, stress, strain
and force caused by the systems or components in given load and without considering
the impact of inertia and damping. In this project, the analysis of twin screw is
initiated by ANSYS software.

(1) Pretreatment, creating the finite element model of structural static analysis

The created solid model into ANSYS though interfaces of Pro/E and ANSYS, as
shown in Figure 8. The definition of element type, material properties and meshing

Fig. 8. The solid model of twin screw

When the material of parts is certain, on this basis, we can establish the finite
element model, the solver searches the related characteristics of each material in the
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Fig. 9. Division of mesh

operational analysis. Every material has different material characteristics, a lot of
characteristics are characterized by numerical. In the screw, we select the material
of screw shaft is 20CrMnTi, the material of thread block is 42CrMo. The main
performance indexes of the two kinds of metallic materials are as follows:

Table 1.Parameter of metallic material

Density??kg/m3%? Elastic Modu- | Poisson Ra-
lus??MPa?? tio
20CrMnTi 7820 204e+-3 0.3
42CrMo 7850 206 e+3 0.3

Currently, there are three kinds of mesh method, named free meshing, mapped
meshing and sweep meshing of volume. Free meshing aims at the complicated shape
of surface and volume to mesh, the element shape and any pattern are unrestricted;
mapped meshing is mainly applicable to the model of regular surface and volume,
such as quadrilateral element and hexahedron, due to the row of unit and the obvious
regular shape. The volume mesh is generated by using the sweep meshing of volume,
based on the different source mesh, the volume will generate the unit of different
shapes, swept mesh and the volume are closely related, it can get the swept mesh
by sweeping the volume .

This paper adopts method of free meshing to acquire the model of finite element,
as shown in Figure 9.

Applying loads and solving

Based on the theory of solid conveying, proposed by Darnel and Mol, the material
contacts with the barrel of surface, the bottom of channel and the side of thread.
The material is propelled by the rotating screw, and displacement constrains are
applied to the two support ends of screw.

Because of the movement of material in the barrel, it is acted upon by eight
forces, as shown in Figure 10. Among these forces:

F1: The friction caused by the surface of barrel on material;

F2, F6: The pressure caused by the pressure growth on material;

F3, F4: The friction caused by the side of flight on material;

F5: The friction caused by the bottom of channel on material;

F7, F8: The friction caused by the side of flight.

The loads of screw are added by action and reaction principle, as shown in Figure
11.

(1)Solving the static solution
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barrel screw

Fig. 11. Loading weight and constraint of model

(2)After treatment, checking the results
After completing the solution, entering the post-processing modules and display-
ing structural deformation pattern, then obtaining the patterns of before and after
deformation, as shown in Figure 12. And there is significance for analyzing perfor-
mance of the extruder, the deformations on each direction are obtained by analyzing.
Checking the contours of displacement, as shown in Figure 13.

ANSY,

Fig. 12. Deformation pattern of structure

The contour chart of stress, as shown in Figure 14:
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ANSYS

NANISYS

Fig. 14. Geometry of considered trapezoidal plate

5.3. Modal analysis

In the design of bear dynamic loads of parts or components, if you want to
determine that the natural frequency and vibration mode of this component, it is
necessary to carry out modal analysis (the calculating modal analysis and the exper-
imental modal analysis). It can accurately simulate the different step of the modal
characteristics of the force-bearing component on a frequency or a frequency domain
by modal analysis, while the different step characteristics are mastered, meaning it
can make prejudgments to the effects of bearing parts with various vibration source
in this frequency or a frequency domain inside and outside.

There are important application values on fault diagnosis, meanwhile, there are
positive meanings for accident prevention and increasing the life of components.

The modal analysis of ANSYS software can carry out modal analysis and modal
analysis of circularly symmetric structures for the pre-stress structure, the former
has the modal analysis of rotating blade and so on, the latter permits to set up a
part of model of circularly symmetric structures to complete the modal analysis of
the whole structure.

(1)Creating the finite element model

The established method of finite element is substantially similar in ANSYS, and
this modal analysis model is same as the model of static analysis, the finite element
model of static analysis is directly introduced into ANSYS.
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(2)Owing to the screw shafts affiliation to the rigid body with entity, therefore,
the model can be extracted with Block Lanczos, setting the ten-step model is ex-
tracted, a total four surfaces— both ends of cylindrical surfaces of twin screw are
selected, then bear boundary condition and solving.

(3) Output the calculation

The ten steps model of output model. By the modal frequency pattern, it is
suggested that the first-step natural frequency of two screw is 186.18HZ.

Table 2. Index of data sets on results file

SET TIME/FREQ | LOAD STEP | SUBSTEP CUMULATIVE
1 186.18 1 1 1
2 186.23 1 2 2
3 186.62 1 3 3
4 186.86 1 4 4
5 499.52 1 5 5
6 499.64 1 6 6
7 500.26 1 7 7
8 500.49 1 8 8
9 774.24 1 9 9
10 774.42 1 10 10

(4)The output of each step vibration mode, the first-step vibration mode, as
shown in Figure 15.

Fig. 15. The first-step vibration mode

6. Conclusion

The finite element analysis and meshing are processed by building the solid mod-
els, and imposing constraint on the screw that is based on the analysis of load in
screw, this can acquire displacement pattern of model and pattern of equivalent
stress. The first-step vibration mode is drawn by the modal analysis of screw. Then
we carried on the harmonic response analysis to analyze the modal displacement and
process pattern of the three stages. Above all, the feasibility of three-step structure
is proved.
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