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ABSTRACT 
  

This paper discusses a novel additive manufacturing 

technology called the “RheoPrinter” and its 

application in spatial control of the material properties 

of a 3D printed product. The technology was designed 

to allow precise shear rate control that a polymer 

strand undergoes during the 3D printing process, 

thereby inducing customizable molecular orientation 

of an individual printed “road”. This ability provides 

an added dimension to the conventional dimensional 

accuracy goal in 3D printing. Molecular orientation 

has been shown to have significant influence in 

determining the mechanical, optical, thermal, and 

biodegradation properties of polymeric materials [1]. 

This work focuses on manipulation and control of the 

shear rate using the RheoPrinting technique in order to 

print parts with tunable thermal and mechanical 

properties, and biodegradation rates. Samples have 

been collected, and material characterization work 

validates that this technique is able to influence the 

molecular structure of printed parts.  

 

Keywords: Additive manufacturing, 3D printing, Melt 

Rheology. 

 

1 INTRODUCTION 
 

Additive manufacturing, or 3D printing, is the 

process of building parts layer-upon-layer. It has its 

benefits and limitations. One of the biggest benefits of 

additive manufacturing is its ability to build 

customized products, especially those in the health 

sector [2]. Even though additive manufacturing has set 

new standards on simplicity and minimal restraints on 

complex geometry and custom made medical parts 

such as medical implants, the mechanical properties of 

the products do not compare with the conventional 

manufacturing process [3]. In this regard, the 

RheoPrinter is designed and developed to enable 3D 

printing of objects with spatial and tunable control of 

the product’s material properties.  

 

There are a couple of factors that have been proven to 

affect the mechanical, optical, and thermal properties 

of 3D printed plastic materials such as extrusion and 

shear rate, nozzle and bed temperature, and raster 

angle [4,5]. Molecular orientation which can be 

affected by the shear rate the polymer undergoes 

during processing, can thus be tailored such that it is 

becomes a beneficial property of the product in its 

application [6].  

Previous studies in our lab have shown that the 

molecular orientation acquired in polymer products 

manufactured via Vibration Assisted Injection 

Molding (VAIM), resulted in a significant increase in 

its ultimate tensile strength compared to those made 

via conventional injection molding [7]. 

The primary goal of this study was to design and 

develop a novel additive manufacturing technique that 

can add material property control by controlling shear 

rate precisely during 3D printing process. Shear rate is 

the main source of orientation  [8] and it also plays a 

significant role in determining the final crystallinity of 

the plastic material [9].  

This paper consists of two parts. The first part is 

the numerical simulation using ANSYS Fluent 

software to investigate the effect of the new technique 

on shear rate. The second part is material 

characterization of the samples that were printed using 

this technique.  

 

2 METHODOLOGY 
 

The RheoPrinting concept is aimed at optimizing 

plastic material properties by controlling the shear rate 

that the polymer melt experiences during the printing 

process. The nozzle of the RheoPrinter can rotate at 

different angular velocities to induce the varying shear 

rate (Figure 1). As a result, molecular orientation or 

crystallinity will evolve and can be tuned depending 

on the amount of shear rate imposed on the melt by the 

rotating nozzle.  

Axial and circumferential molecular orientation 

will initially be induced by the screw which mixes the 

material and pushes it down for extrusion. In addition 

to this, the rotating nozzle induces stretching such as 

the one founded by Cao [10] to affect the molecular 

orientation in the circumferential direction. 
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3 NUMERICAL SIMULATION 
 

The effect of the rotating nozzle on shear rate and 

viscosity was studied via simulation to support the 

concept and to compare it to the conventional (in the 

precision extrusion case) additive manufacturing 

techniques. The nozzle was studied at different 

angular velocities (RPM) and shear rate was 

documented. 

The material selected for the simulations was poly 

(lactic acid), PLA 3052D manufactured by Nature 

Works LLC. The property data for this material was 

imported from Autodesk MoldFlow. This same 

material was also used for the experiments. 

Ansys Fluent was used for the simulation since it 

supports transient motion (rotational and 

translational). The equation the software uses to 

calculate the shear rate is from the Cross Law model 

(Equation 1). The zero shear viscosity ( 0 ) is 

calculated using Equation 2 [11]: 
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where: 

 : Melt viscosity (Pa-sec) 

T  : Temperature (K) 

T*: Glass Transition Temperature determined by 

curve fitting 

pDDT 32* 
 

P: Pressure (Pa) 

 

The data for the Non-Newtonian fluid was 

obtained from the Mold Flow database (Table 1). 

These values were then input into Ansys Fluent.  

 

 

 

 

           

                                  

                                 Table 1: Input data  

Simulations were done to calculate the shear rate 

using this material. Two cases are shown in Figure 2, 

where the first case is the one without the nozzle 

rotation and the second one was simulated at 100 RPM 

of nozzle rotation.  

 

 

The simulation result shows there is a significant 

difference in the amount of shear rate that the material 

experiences in the two cases (Figure 2). In the case 

where the nozzle is not rotating, it is observed that the 

shear rate at the middle of the runner in the drop region 

drops to almost zero (as indicated by the arrows). On 

the other hand, when angular velocity was set to 100 

RPM shear rate increased significantly.  

 

 

 

 

 

 

Moldflow Data for PLA 3052D 

Power Law index (n) = 0.3846 
* = 129000 Pa 

D1= 2.045e+007 Pa-s 

D2= 373.15 K 

D3= 0 K/Pa 

A1= 16.71 

A2= 51.6 K 

 

Hopper 
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Rotating 
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Rotating Nozzle 
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Figure 1: Diagram of RheoPrinter Concept 

Figure 2: Ansys Fluent simulation of the drop region:  

a) left, without nozzle rotation. B) Right, at 100 RPM 

of rotating nozzle 

Drop 

Region 

150 TechConnect Briefs 2017, TechConnect.org, ISBN 978-0-9988782-1-8



4 RESULTS AND DISCUSSION 
 

The data presented in this paper were for samples 

collected under two different angular velocities of the 

nozzle. All the other parameters such as screw angular 

velocity and melt temperature were kept constant. The 

specific experimental parameters are presented in 

Table 2.  
 

 Screw 

(RPM) 

Nozzle 

(RPM) 

Temperature 

(K) 

Sample 1 100  0 380 

Sample 2 100 50 380 

Table 2: Processing Parameters 

Differential scanning calorimetry (DSC) was 

performed to measure the thermal properties of 

Samples 1 and 2. The scan was set to run only for the 

1st heating cycle since it will show the properties that 

were influenced during the printing process. Figures 3 

and 4 show the DSC plots for Samples 1 and 2 

respectively.  
 

 

Figure 3 shows the DSC plot of Sample 1 using 

PLA. The cold crystallization peak is at 122.59 °C. 

There are also two melting peaks, the first at 151.28 

°C and the second at 156.75 °C.  

As seen in Figure 4, the DSC plot of Sample 2 

shows a cold crystallization peak at 122.02 °C. Also, 

there are two melting peaks, the first is at 153.77 °C 

and the second at 158.42 °C. 

 

 

 
 

By observing the two curves, the obvious 

difference is in the melting peaks. Although in both 

cases there are two endothermic melting peaks, in 

Sample 1 however, the first has a larger enthalpy. On 

the other hand, the melting peaks of Sample 2 show 

that the second melting peak is has a greater enthalpy 

reading. The melting peaks also shifted to the higher 

temperature in the second curve.  

The degree of crystallinity was calculated using 

the following Equation 3 [12]: 

 

𝑋𝑐 =
ΔHm − ΔHc 

Δ𝐻𝑚°
× 100 (3) 

 

Where ΔHm is the melting enthalpy, ΔHc the enthalpy 

of crystallization, and Δ𝐻𝑚° the melting enthalpy of 

100% crystalline PLA (93 J/g).  

The degree of crystallinity of Sample 1 was found 

to be approximately 0% which indicates its highly 

amorphous nature. On the other hand, Sample 2 shows 

a slight increase in crystallinity of 8%. PLA pellets 

were also tested before processing and the crystallinity 

was found to be 38%. This material was designed to 

be amorphous after processing.  

It is clear that the higher shear rate induced by the 

rotating nozzle had an effect on the molecular 

structure and crystallinity of the printed samples. The 

shift in endothermic melting peak to the higher 

temperature, and reduction in the first endotherm 

indicates greater perfection of the crystal structure 

[13]. A higher temperature is required to melt the 

material (Sample 2). There is also an apparent 

decrease in crystals melting at the lower temperature. 

It is also observed that with the applied rotating 

nozzle modification, the diameter of the deposited 

road can be customized such that axial feed rate of the 

stage can be maintained at a constant speed. Without 

Figure 3: DSC curve of Sample 1 

Figure 4: DSC curve of sample 2 
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this modification, shear rate changes induced by the 

rotating screw will increase the flow rate of the 

deposited polymer. The stage speed would then need 

to be increased to accommodate for this, which may 

reduce the print quality. 

 

5 CONCLUSION 
 

3D printing technology has been around for 

decades. However, 3D printed products do not yet 

have comparable mechanical properties compared to 

those manufactured via conventional manufacturing 

processes such as injection molding. The novel 

technology introduced in the 4D RheoPrinting concept 

creates a unique enhancement that adds control of melt 

rheology, printed part molecular orientation and 

polymer crystallization kinetics throughout the 

printing process. This widens the use of 3D printed 

product for optimized performance in niche 

applications that require anisotropic and specific 

orientation of biodegradation, part strength, and 

barrier properties.  
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