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Abstract 

Article presents analysis of surface roughness of aircraft and vehicle power transmission system gear teeth made 
by different Rapid Prototyping methods. Gear box models have been made by two rapid prototyping methods: 
stereolithography (SLA), three dimensional printing (3DP) and two rapid tooling methods: Vacuum Casting (VC), 
Low Pressure Injection (LPI). Surface roughness for rapid prototyping methods is determined mostly by layered 
system of building model. It depends on process parameters: layer thickness and model position in working space of 
RP machine. Vacuum Casting and Low Pressure Injection are Rapid Tooling technologies. For this technologies final 
surface roughness is a reflection of surface parameters of tools (silicon mould, silicon matrix). The paper presents 
results of surface roughness measurements of gear made by few RP and RT methods. The most important thing was an 
analysis of surface roughness made by Rapid Tooling methods. In these methods surface roughness depends on 
surface parameters of basis RP model. For basis RP models finishing processing was applied. This process improves 
parameters of the surface. This research process allowed to define the influence of chosen RP and RT method and its 
parameters on surface roughness of gear tooth. It permitted to order rapid prototyping methods for application of 
power transmission prototype making process. 
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1. Introduction 

Research models of gears wheel for aircraft and automobiles transmissin can be made by various 
techniques of Rapid Prototyping and Rapid Tooling, depending on prototype use and the required 
precision [1, 4, 5, 6]. The incremental techniques of rapid prototyping are characterized by their 
typical stepped surface structure, typical for a laminar structure of the model. It is visible particularly 
on elements with complicated surface shapes, as gears wheel mostly bevel gears, among others [8]. 
Surface roughness of models produced with laminar incremental systems of Rapid Prototyping 
(three dimensional printing and stereolithography) depends on many factors, including: 
a) shape of model surface, 
b) position of model surface in respect to work surface, 
c) surface precision of virtual model, 
d) precision of the method, 
e) the type of initial material. 

Taking the above factors into account permits obtaining of prototypes with optimum surface 
roughness [10, 11, 12, 13]. Surface roughness of models produced with systems of Rapid Tooling 
(Vacuum Casting, Low Pressure Injection) depends on tool surface (silicone mould or silicone 
matrix). 

 
2. Rapid Prototyping and Rapid Tooling models of gear wheel 

In an analysis of Rapid Prototyping and Rapid Tooling methods in respect of producing the 
prototypes of gear wheel, only those most precise ones should be short listed. For research reasons, 
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two Rapid Prototyping methods i.e. stereolithography (SL) and three-dimensional printing (3DP) 
and two Rapid Tooling method (Vacuum Casting and Low Pressure Injection) were selected [3, 9]. 
Gear wheel prototypes were produced on the base of the CAD model, which was exported to the 
STL format with precision to the nearest 0.001 mm (Fig. 1) [2, 7, 9]. Gears wheel models were 
positioned on the work platform of the SLA 250 and Z510 Spectrum device in positions then axis of 
rotation of gear wheel was parallel with z axis of RP machines (Fig. 2-3) [14]. 

 

 
Rys. 1. Virtual models of gear wheel: a) CAD model, b) STL model, c) CAD model, d) STL model  

 

 
Fig. 2. Prototypes of bevel gear: a) 3DP model of bevel gear, b) SLA model of bevel gear 

 

 
Fig. 3. Prototypes of gear wheel: a) 3DP model of gear wheel, b) SLA model of gear wheel 

 
Silicon matrixes were made on the basis of stereolithographic base models presented here 

above. The silicon mold is a tool that serves for producing elements of plastics (polyester resins, 
epoxy polyurethanes) and plastic composites. Processing tools of silicon are suitable for making 
short series, from several to several dozen, of products [4]. 

Depending on the type of molded material, prototypes may be produced in silicon molds 
through: gravitational casting at ambient pressure, vacuum casting, low-pressure injection. 
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3. Wheel gears roughness measurements 
Surface roughness measurements were carried out with the Talyscan150 instrument produced by 

Taylor Hobson Precision and the TalyMap 3D software package used for surface analysis. The 
measurements were carried out on a sampling area of 1 mm x 1 mm with the sampling step of 10 �m 
and the three-time replication. 
 

3.1. Surface roughness of SLA model of bevel gear 
The first sample was a stereolithographic model of bevel gear, made with the SLA-250 unit 

manufactured by the 3D Systems. Bevel gear models were positioned on the work platform 
device in positions then axis of rotation of bevel gear was parallel with z axis of SLA 250. 
As a result of program processing of the gear tooth measurements the following 3D-diagrams were 
plotted (Fig. 4).  
 

 
Fig. 4 Isometric view of the surface of the SLA model of bevel gear 

 
3.2. Surface roughness of SLA model of gear wheel 

The second sample was a stereolithographic model of gear wheel, made with the SLA-250 unit 
manufactured by the 3D Systems. Gear wheel models were positioned on the work platform device 
in positions then axis of rotation of gear wheel was parallel with z axis of SLA 250. As a result of 
program processing of the measurements the following 3D-diagrams were plotted (Fig. 5).  

 

 
Fig. 5. Isometric view of the surface of the SLA model of gear wheel 
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3.3. Surface roughness of 3DP model of gear wheel 

The third sample was a three dimensional printing model of gear wheel, made with the Z510 
Spectrum unit manufactured by the ZCorporation. Gear wheel models were positioned on the work 
platform device in positions then axis of rotation of gear wheel was parallel with z axis of Z510 
Spectrum. As a result of program processing of the measurements the following 3D-diagrams were 
plotted (Fig. 6).  

 

 
Fig. 6 Isometric view of the surface of the 3DP model of gear wheel 

 
3.4. Surface roughness of Vacuum Casting model of gear 

The fourth sample was Vacuum Casting model of gear wheel, made with the Schuechl 
VAKUUM UHG-400Easy. As a result of program processing of the measurements the following 
3D-diagrams were plotted (Fig. 7).  

 

 
Fig. 7. Isometric view of the surface of the Vacuum Casting model of gear wheel 

 
3.5. Surface roughness of LPI model of gear  

The fifth sample was Low Pressure Injection model of gear wheel. As a result of program 
processing of the measurements the following 3D-diagrams were plotted (Fig. 8). 
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Fig. 8. Isometric view of the surface of the Low Pressure Injection model of gear wheel 

 
4. Conclusions 

The incremental methods of rapid prototyping have a surface structure characteristic for 
laminar structure of the model. If models have curvilinear surfaces (bevel gear), a stepped 
structure is an inherent feature.  

Surface parameters depend on the position of the model on the platform of rapid prototyping 
machine. In case of bevel gear and gear wheel, the rotational axis of a gear wheel should be parallel 
to the vertical axis (or z axis of the machine). Such positioning ensures uniformity of manufacturing 
parameters of all gear wheel teeth. 

Surface roughness of the model is also affected the rapid-prototyping method itself. The best 
surface roughness parameters are ensured by the stereolithography method. If a smooth prototype 
surface is required, an allowance of material should be left for finishing. A coating may also be 
applied on the model prior to finishing. 

Machined model may serve as a master to produce a silicon matrix. Castings or moldings from 
such tool have a surface structure that matches the matrix or mould, and thus it matches the 
machined model as well. 

This research work is financed from the funds allotted for science in 2007-2009, as a research 
and development project titled „Developing of innovative gear boxes with atypical teeth” 
(R03 021 02). 
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