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Abstract. It is well known that the Investment Casting processes automatically involves wax and 

molds as a first step. During the wax injection there are heat transfer between the wax pattern and 

mold. The mold is getting heat and due to this, the dimensional accuracy suffers in the not desirable 

way. Injection molding has been the most popular method for making wax products due to high 

efficiency and manufacturability. 

Introduction 

The injection molding process includes three significant stages: filling and packing stage, 

cooling stage, and ejection stage. Among these stages, cooling stage is very important one because 

it mainly affects the productivity and molding quality. Normally, 70%~80% of the molding cycle is 

taken up by cooling stage [1]. Not all materials are interchangeable, but there are many instances in 

which one material can be used in place of another to save money or improve performance. For 

example, a well-designed plastic part can often replace a metal part.  Parts made of plastic can offer 

increased physical flexibility as well as equal or greater strength. Of course plastics can be much 

less expensive than metals, providing significant savings, especially if used in place of aluminum or 

stainless steel. Weight is another major issue. Plastic parts typically weigh a fraction of the metal 

parts they replace. Finally, plastics are corrosion resistant. In addition, plastics with good high 

temperature resistance can be over-molded with rubber [2]. As a plus Rapid Prototyping (RP) may 

build molds for Investment Casting (IC) using a very large sorts of plastics.  

Design of Experiment 

In this study the objective is to investigate how much lower heat conduction of plastic mold can 

affect the quality of wax pattern. The authors had experiments using the molds built on Rapid 

Prototyping systems FDM, PolyJet, Z-printing, made from ABS P400, FullCure 850 and Zp130, 

steel, and silicon rubber, with classic design and thin wall design. This mold was built on Rapid 

Prototyping laboratories area of FH Aachen- University of Applied Science- Germany (Fig.1).   

 

                                                              
 

Fig. 1. Thin walls Mold, left and middle-Solid Works design; The real one-right 
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In the simplest of terms, the discipline of heat transfer is concerned with only two things: 

temperature, and the flow of heat. Temperature represents the amount of thermal energy available, 

whereas heat flow represents the movement of thermal energy from place to place. For many years, 

the importance of cooling stage in wax injection molding has drawn a great attention from 

researchers and mold designers. They have been struggling for the improvement of the cooling 

system in the wax injection mold. 

Theoretical Research. People have opinion that heat transfer of plastic molds should have a very 

poor performance because of the poor thermal conductivity of plastics. The heat transfer through a 

single wall is dependent on three factors; the overall heat transfer coefficient, the heat transferring 

area, and the temperature difference between the heat emitting and the heat absorbing medium. 

Using the Design Expert v.8 to find how the empty mold has react under the heat influences, and 

after a large number of measurements of temperature at different levers, the authors achieved that 

the duration of the maintenance to a certain level of temperature has direct connection with the 

value of the cavity molds deformations (Table 1, Table 2 and Fig. 2). 

 

Table 1. Half-mold superior thin walls design, material ABS P400 (dimension is in mm). The seven mold cavity 

dimensions under monitoring process 

Std Run 
Factor1 

Temp[°C] 

Factor 2 

Time [min] 
L =63 L1=24 L2=13.20 D1=Ø8 D2=Ø16 D3=Ø13 G1=3 

7 1 29 5 63.11 24.07 13.29 7.98 16.04 13.01 3.02 

5 2 8 10 63.06 24.02 13.19 7.94 16.02 13.00 3.03 

1 3 14.15 6.46 63.09 24.09 13.21 7.96 16.03 12.99 3.04 

4 4 43.85 13.54 63.20 24.21 13.31 8.00 16.07 13.06 3.11 

10 5 29 10 63.13 24.11 13.28 7.98 16.04 13.02 3.07 

13 6 29 10 63.10 24.10 13.28 7.99 16.02 13.04 3.05 

8 7 29 15 63.12 24.19 13.31 7.97 16.03 13.01 3.08 

9 8 29 10 63.09 24.13 13.29 7.99 16.04 13.03 3.09 

12 9 29 10 63.11 24.09 13.30 7.97 16.03 13.01 3.06 

6 10 50 10 63.25 24.31 13.26 8.02 16.09 13.06 3.10 

11 11 29 10 63.11 24.16 13.28 8.02 16.01 13.02 3.08 

3 12 14.15 13.54 63.07 24.06 13.20 7.99 16.00 13.00 3.01 

2 13 43.85 6.46 63.19 24.22 13.30 8.02 16.05 13.05 3.09 

 
Table 2. Half-mold inferior thin walls design, material ABS P400 (dimension is in mm). The seven mold cavity 

dimensions under monitoring process 

Std Run 
Factor1 

Temp [°C] 

Factor 2 

Time [min] 
L=63 L1=24 L2=13.20 D1=Ø8 D2=Ø16 D3=Ø13 G1=3 

7 1 29 5 63.12 24.12 13.21 7.99 16.02 13.05 3.03 

5 2 8 10 63.01 24.09 13.12 7.95 16.01 12.96 3.01 

1 3 14.15 6.46 63.05 24.14 13.21 7.98 16.03 12.99 3.04 

4 4 43.85 13.54 63.21 24.17 13.24 8.00 16.06 13.05 3.03 

10 5 29 10 63.15 24.15 13.24 7.98 16.03 12.98 3.05 

13 6 29 10 63.09 24.11 13.20 7.99 16.05 12.97 3.02 

8 7 29 15 63.14 24.12 13.23 7.97 16.04 12.99 3.02 

9 8 29 10 63.12 24.13 13.21 7.99 16.02 13.02 3.01 

12 9 29 10 63.11 24.12 13.16 7.98 16.03 13.04 3.04 

6 10 50 10 63.38 24.22 13.23 8.01 16.06 13.07 3.07 

11 11 29 10 63.14 24.14 13.20 7.99 16.04 13.07 3.02 

3 12 14.15 13.54 63.07 24.10 13.12 7.93 16.00 13.01 3.01 

2 13 43.85 6.46 63.24 24.14 13.29 7.98 16.03 13.08 3.04 

 

For Investment Casting applies according the ISO 8062-2  Tab. A1 and Tab. A3, the Casting 

Tolerances (CT) for this sort of parts are CT 4=0.36mm, CT5=0.5mm, CT6=0.7mm. 
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Fig. 2. Half-mold superior thin walls design. The seven mold cavity dimensions under monitoring  

process, using Design Expert v.8 soft; Deformation vs. Temperature vs. Time 

 

The thermal conductivity of most plastics is around 0.2 W/m°C which is roughly 200 times smaller 

than the conductivity of steel [3] [Table 3]. Due to low conductivities, cooling of plastic’s molds is 

slow. In fact, in some processes, as wax pattern injection is, cooling might be the output rate 

limiting step. While the process is running we might not be able to cool the molds fast enough. 
 

Table 3.  Thermal Conductivities of Selected Materials at Room Temperature [3] 

Material 
Thermal Conductivity 

[W/m K] 

Copper 401 

Silver 429 

Gold 317 

Aluminum 237 

Steel 60.5 

Silicon rubber 0.25 

Bakelite 1.4 

Water 0.613 

Air 0.0263 

 

The thermo-physical parameters needed are heat capacity and thermal conductivity of the wax, 

and the heat transfer coefficient between the wax and the mold. This last parameter is probably the 

most difficult to obtain and it is also pressure and coating/surface finish dependant. In order to 

predict the final dimensions of the injected pattern, the shrinkage should also be characteristic of 

[4]. Therefore, it is very important to predict temperature in the plastic molds wax injection process. 

Using the SolidWorks Simulation soft program for wax cooling-heat transfer study, the authors 

managed to get the acceptable behavior for the thin wall mold, made by ABS P400 on FDM, Rapid 

Prototyping system (Fig. 3 and Fig. 4). The work parameters of experiments was as follows; jewelry 

wax Ferris 1582 Blue type, wax temperature 71
o
C, mold temperature 24

o
C. 
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Fig. 3. Heat transfer- wax cooling- SolidWorks Simulation soft program 

 

 
Fig. 4. Wax cooling comparison between experimental and simulation results, ABS P400 mold  

 

Experimental Research. In solid walls the temperature drops linearly from its high value on one 

side to the low value on the other side. To do this, the temperature of the tool used in the operation 

was measured with a thermocouple. Using an electronic system for temperature monitoring, made 

in the “Centrul Naţional de Rapid Prototyping” laboratories area, of Technical University of Cluj-

Napoca and the all six types of molds (identical cavity geometry, 8 540 mm
3
); one made by steel, 

one made by silicon rubber, one made by ABS P 400 black thin wall design, one made by Zp130, 

one made by FullCure 850 classic design, one made by FullCure 850 thin wall design, the authors 

managed to get the main aspect of this research. The monitoring system are made from Type K 

Chromel-Alumel Thermocouple, accuracy ±2.2
o
C, and “Microtemp R08” register, accuracy ±0.5%, 

sampling period; one time/min, and computer. The authors used also an Infrared thermometer “Ebro 

TFI 650” for temperature supervised precision measurement range ±2
o
C (Fig. 5). 

 

   

Fig. 5.  Cooling wax monitoring system-left; ABS P400 thin wall design the real diagram-right 
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Using this assembly monitoring system the authors managed to raise the wax cooling diagrams 

for all six different molds. In Fig. 6 may be seen the real diagrams of the wax cooling into the 

molds, built on Rapid Prototyping systems. 

 

Fig. 6. Experimental wax cooling diagram for the 6 types of molds 
 

Conclusion 

Injection wax in molds made by plastics share many of the advantages and some disadvantages 

that the heat transfer steel or aluminum molds does. The transfer of heat is a key process that affects 

the evolution of the mechanical properties in the wax pattern and it is essential that the thermal 

contact conditions between the blank and tool are properly described in the forming simulations. 

The results obtained depending on application requirements, we utilize a wide range of 

thermoplastic as alternatives to steel and aluminum. No material - metal, rubber or plastic - will 

function well in all environments, however. There may be instances in which loading, temperature, 

chemical, or abrasion extremes make plastics molds inefficient from the case studies point out that 

the proposed methods of cooling channels optimization can be used successfully with less time-

consuming and less effort of designers to improve the part quality and the productivity of wax 

pattern production.   
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