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Rapid prototyping is increasingly being used in the production of injection molding inserts. This 

technology enables for much lower lead times in prototype and low-volume production. However, the 

thermal and structural properties of prototyped inserts are different than those of conventional machined 

inserts. The focus of this class is to use Simulation Moldflow Insight software to evaluate the thermal and 

mechanical behavior of rapid prototyped injection molding inserts. We will look at 3 sets of inserts that 

were analyzed using different manufacturing techniques and materials, which included selective laser 

sintered (SLS) bronze, PolyJet ABS-like material, and conventional machined stainless steel. Molding 

trials were performed on the inserts, as were computer simulations. The experimental and simulated 

results were compared for the thermal gradient, structural performance, part warpage, and part 

shrinkage. 

Learning Objectives 
At the end of this class, you will be able to: 

 Discover benefits of rapid prototyped inserts in the injection molding industry 

 Discover effective practices for obtaining more accurate simulation results on rapid prototyped 
inserts 

 Identify pros and cons of parts produced via rapid prototyped inserts, including shrinkage, warpage, 
and thermal gradient 

 Learn how to use Simulation software to evaluate the structural performance of rapid prototyped 
inserts 
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Rapid Prototyping in Injection Molding 
Reduced life cycle of products and the demand for faster product development times in 

injection molding have increased the popularity of rapid tooling. Integrating rapid prototyping 

techniques with injection molding allows the use of the latter in areas that, with conventional tool 

manufacturing techniques, would not be economically feasible (e.g. low volume productions).  

Applications for rapid tooling range from prototype runs to low volume final production 

parts. Techniques that have been successfully used for rapid tooling include selective laser 

sintering (SLS), selective laser melting (SLM), stereolithography (SLA), direct metal laser 

sintering (DMLS), KelTool™ and casting. 

The material and manufacturing technique not only dictates the durability of the tool but 

also its performance. Thermal and mechanical properties vary significantly from those of 

conventional steel affecting the quality of the final product. Although the thermal behavior of 

SLA tooling has been extensively studied, little work was found in the literature regarding newer 

manufacturing techniques such as inkjet printing and DLMS.  

The present work evaluates the thermal behavior of tooling manufactured via PolyJet™ 

3D printing technology, DLMS, and conventional machining. For this purpose, Autodesk 

Simulation Moldflow Insight 2014 will be used to perform a transient cooling analysis of the 

process, as well as a core shift analysis to evaluate the stresses on the inserts. 

Experimentation 
Three manufacturing methods will be evaluated in this study: conventional machining, PolyJet™ 

technology, and DLMS. Conventional machined inserts were manufactured using stainless steel 

420. An ABS-like photopolymer was used for the PolyJet™ inserts. Finally, the DLMS inserts 

were made using a bronze alloy. To perform the simulations, reported values from the Autodesk 

Simulation Moldflow Insight database (2014) were used to perform the simulations (Table 1). 

Table 1: Material Properties  

Property Units Stainless Steel (1) Bronze (2) Digital ABS (3) 

Density g/cm3 7.73 6.95 1.17-1.18 

Specific Heat J/kg-C 462 (4) 377 (4) 730 (4) 

Thermal Conductivity W/m-C 25 30 0.18(5) 

Coeff. of Thermal 
Expansion 

10-6/K 10.3 18 Not reported 

Tensile Strength MPa 230 200 55-60 

Young’s Modulus GPa 200 80 2.6-3.0 

Sources: (1)
 AK Steel (http://www.aksteel.com/) 

(2)
 EOS GmbH (http://www.eos.info/) 

(3)
 Stratasys Ltd (http://www.stratsys.com)  

(4)
 Tested in-house 

(5)
 Typical value for ABS  

http://www.aksteel.com/
http://www.eos.info/
http://www.stratsys.com/
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Modeling in Autodesk Simulation Moldflow Insight 
The mold, part and insert geometry were modeled in CAD software. For calculation 

optimization purposes, only the section of the mold were the inserts are assembled was 

modeled. Since the cooling system has only straight through cooling lines, this simplification 

does not affect the numerical simulation of the thermal behavior. Similarly, the rear clamp plate 

of the mold was not modeled either. Figure 1 shows the CAD representation of the mold 

assembly. The mold base was made using P-20 steel.  

 
Figure 1: Mold CAD representation. 

 

The insert geometry for the bronze and Digital ABS inserts was the same. However, 

slight differences exist with the conventional machined inserts due to design iterations (Figure 

2). The effect of these differences will be evaluated assigning the same conditions and materials 

for both to compare their behavior. Figure 2 also indicates the locations that where temperature 

measurements will be acquired. 
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Figure 2: Mold tooling showing locations for temperature measurements. 

 

The CAD geometry was discretized using a full 3D mesh in ASMI 2014 (Figure 3). Then, 

transient cooling analyses were run. These analyses evaluate the heat transfer and 

accumulation throughout the cycles and results are acquired once the process reaches thermal 

steady-state.  
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Figure 3: Mesh representation of the model  

(A-half hidden, mold and part meshes cropped). 

Boundary conditions for the core shift analysis were set on three sides of the inserts, 

constraining the nodes movement in the axis normal to the insert side.  

 
Figure 4: Core shift boundary conditions. 

Results 
To assess the influence of the geometry changes on the results, simulations were 

performed on each geometry. In order to isolate the geometry effect, the process parameters 

and material properties were set equal and the temperature at the locations indicated in Figure 

2 was compared throughout the cycle. The temperature values are presented in Figure 5, where 

the hatched area represents the temperature difference due to the geometry changes. The 

greatest temperature variation was observed in location 3 (6.8°C) which is where a rib was 

added to the geometry increasing the amount of hot melt in that area. In order to minimize the 

effect of the geometry change on the results, this work will focus on locations 1 and 4. 
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Figure 5: Thermal comparison of studied geometries.  

The simulated temperature gradient of the mold (cross section through the inserts) at the 

start of the cycle is shown in Figure 6 for the three inserts studied. It is noticed that the Digital 

ABS inserts show the greatest difference in temperature, not only within the insert but also 

between the insert and the mold steel. These set of inserts also exhibit the highest temperatures 

in the insert and on the part at ejection (Table 2). The bronze inserts maintain the overall lowest 

temperatures and have a more uniform temperature than the Digital ABS inserts.  

Table 2: Comparison of Process Variables 

 
Stainless 

Steel 
Bronze Digital ABS 

Max. Part Temp. 
at Ejection (°C) 

61.1 54.9 100.2 

Max. Temp. Mold 
Insert (°C) 

87.8 68.8 158.3 

Avg. Temp at 
Mold Close (°C) 

54.5 ± 0.5 53.5 ± 0.1 58.0 ± 3.0 
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Figure 6: Thermal gradients at start of cycle and maximum temp. during cycle of (a) 

stainless steel, (b) bronze and (c) Digital ABS inserts. 

These results indicate that there is a significant difference in the cooling rate of the 

inserts. The Digital ABS tool was processed using a lower coolant temperature and a cycle time 

almost 3 minutes longer than the steel and bronze inserts. In spite of which the Digital ABS 

inserts exhibited higher temperatures than the other two. Dimensional stability of the molded 

parts is affected by these differences in cooling rate, as well as the higher ejection temperature.  

The surface temperature was measured at mold opening using an IR pyrometer. The 

measured values are compared to the predicted values on Figure 7. The bronze inserts 

exhibited uniform temperatures between locations 2 and 4, while for the steel and Digital ABS 

inserts, the temperature at location 4 (core) was higher. This suggests that the bronze inserts 

accumulate less heat at the core as expected due to their high thermal conductivity. It is noticed 

that, although the trends are similar, the magnitude of the predicted temperatures is significantly 

higher than the observed values for the steel and Digital ABS inserts. Temperature readings by 

IR pyrometry depend on the emissivity of the material. This property is directly related to the 

penetration depth of the signal which, if unknown, may be a source of error for the reading. 

Moreover, reflective surfaces such as the polished surface on the stainless steel inserts have a 
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low emissivity which can produce unreliable results. However, to prevent damage of the 

polished surfaces, non-contact pyrometry has to be used in this study. 

 
Figure 7: Simulated and experimental insert surface temperatures  

at locations 1 and 4 (Cycle time indicated). 

Simulated and measured shrinkage values are presented in Figure 8. For all the 

shrinkage predictions, the steel inserts showed the lowest values, followed by the bronze inserts 

and the highest shrinkage was exhibited by the Digital ABS tools.  This trend is observed both in 

flow and transverse direction results. A clear trend cannot be established from the “in flow” 

experimental results due to the magnitude of the variation. However, for the transverse direction 

results, experimental results have a similar trend than the predictions although the magnitude of 

the shrinkage is higher 
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Figure 8: Experimental and simulated shrinkage in the flow (top), and transverse (bottom) 

directions. 
 

Core Shift Results 
The core shift analysis results predict a displacement in the order of the micrometers, 

being the maximum displacements 0.2, 0.3 and 9.6 microns for the stainless steel, bronze and 

Digital ABS inserts, respectively. The predicted maximum stress values are 4.3, 4.0 and 3.7 

MPa. For all inserts, the stress is well below the yield stress of the materials (276 MPa, 200 

MPa and 55 MPa for SS, bronze and Digital ABS). However, there is no published data about 

fatigue failure of the inserts which may become the failure mode of the tools. The results are 

shown in Figure 9. 
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Figure 9: Core shift results. Left column: core displacement; right column: stress at core. 

Conclusions 
Advancements in rapid tooling technology permit for quick tool development at lower 

costs than conventional techniques. However, the properties of rapid tools vary from 

conventional ones affecting the process as well as the product quality. This is particularly true 

for their thermal properties. Dimensional tolerances must be carefully evaluated to select the 

proper technique, as well as the intended production volume.  

For the evaluated inserts, the Digital ABS had the greatest variance in shrinkage as well 

as long cycle time and high temperature differences. However, this type of inserts may be 

quickly and fairly easily produced. 
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