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ABSTRACT 

In the last few years process models for the planetary roller extruders were developed. These 
models are allowing an estimation of the processes in the extruder for the first time. However, 
because of the simplifications that were used for modeling, there can be considerable 
differences between simulated and experimental results. In this paper, a dimensionless 
approach for modeling the planetary roller extrusion process is proposed to improve the 
model quality. Therefore experimental trials with a variation of extruder configuration, 
material type, throughput and screw speed had been conducted. At these experiments the 
pressure build up was determined. Based on the results drag flow rate and pressure flow rate 
were expressed as dimensionless operating numbers to show the influence of power law index 
and geometry on the pressure building capacity of the extruder. This can help to find more 
precise assumptions for the process models. 

Index Terms - Compounding, Extrusion, Planetary Roller Extruder, Simulation, 
Modeling 

1. INTRODUCTION

The planetary roller extruder (PRE) was developed more than 50 years ago for the 
compounding of PVC. This extruder type is well known for its superior mixing performance 
and its exact temperature control capabilities. Therefore it is widely used in the polymer 
industry for the compounding of shear- and temperature sensitive materials like PVC [1] or 
Wood Plastic Composites [2]. Beside this, the extruder is used in the chemical, 
pharmaceutical and food industry for a broad variety of compounding and processing 
applications. In contrast to the considerable amount of scientific work that deals with 
investigation, modeling or simulation of the process behavior of single and twin screw 
extruders [e. g. 3-7] there are only a few publications about planetary roller extruders [8, 9]. 
Due to increased quality requirements and the trend to cost reduction by process optimization, 
this is increasingly becoming a problem for plant construction and processing companies. In 
order to counteract this tendency, first process models for the planetary roller extruders were 
developed in our former work [10, 11]. These models deliver an estimated insight into the 
processes of the extruder for the first time. However there can be considerable differences 
between simulated and experimental results, which result from required simplifications that 
were used for modeling. Our purpose in this paper is to take a closer look on the melt 
transport in fully filled sections of the PRE for reducing these differences. 
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2. FUNCTIONAL PRINCIPLE OF PRE 
 
A schematically view of the PRE is shown in Figure 1. The first step in a common process is 
to charge the material into the extruder. Then the material enters the feeding section (1) that is 
basically similar to a solid conveying section of the single screw extruder concept. The main 
difference to single screw extruders is, that PRE as compounding extruders are usually 
operated in starved fed conditions. The sole function of the filling section is to transport the 
solid particles into the following planetary roller section (2a). This section is similar to 
planetary gears with a large length and a 45 ° helical gearing angle. It consists of a central 
spindle, a variable number of planetary spindles within a barrel with an internal gearing. The 
main spindle, which is connected to the “single screw” of the feeding section, is driven by the 
motor. Due to the gearing of the main spindle and the internal gearing of the barrel, the 
rotation and thus the torque of the main spindle is distributed to the planetary spindles and 
makes those rotate. The helical gearing causes both a rolling motion similar to a rolling mill 
and axial transporting of the material. At the end of a planetary roller section the material can 
be conveyed to further downstream equipment as e.g. a die, an open end-plate, a pelletizing 
unit or a melt pump (3). The downstream equipment builds up a pressure that has to be 
provided by the extruder. This leads to a fully filled section at the end of the planetary roller 
section (2b). The pressure depends e.g. on the material parameters, the mass temperature, the 
throughput and the geometry of the downstream flow channels.  

 

 
Figure 1: Schematically view of a PRE processing unit with feeding section (1), partial filled 
planetary roller section (2a), fully filled planetary roller section (2b) and die (3) 
 
 

3. EXPERIMENTAL 
 
To visualize the influence on the pressure build up, experimental trials with an ENTEX 
planetary roller extruder TP-WE 70 had been conducted. During the experiments the 
parameters extruder configuration, material type, throughput and screw speed were varied. 
The chosen materials for the investigation were LLDPE type LyondellBasell Luflexen 18, 
HDPE type Sabic PE 6060 and PS type BASF PS 143E. The flow curves of the materials at a 
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temperature of 200 °C were measured with a high pressure capillary rheometer type Göttfert 
Rheograph 6000 and are shown in Figure 2.  
 

 
Figure 2: Viscosity over shear rate for the investigated materials 
 
In order to determine the pressure build up a special barrel was used which can be opened. 
After reaching a steady state operation condition, the pressure at the extruder die was 
measured, then the machine was stopped abruptly and the barrel was opened. Thereby the 
length of the fully filled section could be determined (Figure 3).  
 

 
 
Figure 3: Opened barrel of the PRE experimental plant 
 

4. RESULTS AND DISCUSSION 
 
For the dimensionless analyses of the flow in the fully filled section it is assumed, that the 
material transport takes place in a number of parallel channels, which are formed between two 
planetary spindles, the main spindle and the barrel. Therefore the geometry is transformed 
into individual rectangular channels as shown in Figure 4.  
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Figure 8: Comparison between measured and calculated dimensionless pressure gradients 
 

5. CONCLUSION 
 
The melt conveying in planetary roller extruders was analyzed in experimental research work. 
Based on the experiments the processes were described in dimensionless models. The 
developed models allow a simulation of the pressure build up in planetary roller extruders. 
The comparison between simulated results and experimental data shows a decent agreement, 
considering the simplifications made and the number of assumptions that were used to 
generate the model. 
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