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Abstract 

 
This paper describes a practical and simple approach to designing ergonomic handles using 

software for 3D design and equipment for rapid prototyping. The new technologies reduce costs 

and allow manufacturing of ergonomic parts in short period of time. The feasibility of this 

approach was verified with the development of custom made ergonomic handle for wheelchair. 

The handle was designed using a hand-grip impression in the clay model. After acquiring a hand-

grip impression the model was digitized with Steinbichler Comet5 3D scanner. CAD model of the 

ergonomic handle was designed upon on the cross - sections obtained from the .stl scanner file. 

The prototype for assessment was built on the ZCorp 3D printer.  
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1. INTRODUCTION 
 

Since the world market is in constant development, the companies have realized the 

importance of ergonomics because ergonomically designed products have a competitive 

advantage in the marketplace. 

A product may be simple or complex; however, its development process involves a 

series of events of identifying the user’s needs, defining design concepts, making a 

prototype, testing usability, and releasing a product to the market [1]. 

When developing new products it is important to ensure short development, i.e. to ensure 

that the new product goes to the market as soon as possible.  

In order to shorten the development time it is essential in the early stages create a 

prototype (working model of the product) to be used for testing. After determining the 

initial shortcomings, the prototype is being redesigned. This process is repeated until 

satisfactory results are achieved in all areas: functionality, aesthetics, ergonomics, safety, 

etc [2]. 

Building a working prototype depends on available technologies, e.g., handiwork or 

rapid prototyping [3, 4]. Many ergonomic guidelines are available in the literature, but 
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these are often too general for specific applications, therefore ergonomists need to 

extract concrete information from the guidelines for a specific product [5].  

Rapid prototyping technology has the potential to capture ergonomics data (3D 

scanning) and to make a transfer of information (CAD software) which are needed for 

producing an ergonomically designed product. Further in this paper the procedure of 

capturing analog information and producing a mathematically defined model in CAD 

environment will be demonstrated. The final result is working prototype made using 3D 

printing technology. Figure 1 shows the general process of handle development. 

 

 
 

Figure 1: General process of handle development. 

 

 

2. CAD MODEL DESIGN 

 

It is suggested that ergonomics knowledge be considered at the earliest stages of the 

development process. A development team typically takes the user’s needs and 

ergonomics data and then brainstorms imagined potential designs [1]. 

 

2.1. Acquiring ergonomic information 

 

As a starting point for the development of new products designer is often a person which 

makes a concept, i.e. a draft that product engineers later form into the actual product. In 

this case the input information is a hand – grip impression in the clay model, which 

defines all the essential characteristics of the product, such as the basic dimensions and 

cross – sections. The clay impression was acquired from the client so that handle would 

be a perfect fit. Figure 2 shows the clay model. 

 

 
 

Figure 2: Clay model of a hand – grip impression prepared for scanning 
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2.2. Transfer of ergonomics information to CAD environment 

 

After acquiring the clay impression, information needs to be digitized so that we could 

get a 3D model on the computer. Part digitization is accomplished by variety of contact 

and non-contact digitizers [6]. In this particular case the transfer of information was done 

with non-contact digitizer, Steinbichler COMET5 3D scanner. The point cloud obtained 

from a several scans was afterwords processed and converted into the .stl file. The cross 

– sections of a future CAD model were extracted from the .stl file using Steinbichler 

COMETplus software package. Figure 3 shows the .stl file with extracted cross – 

sections.  

 

 
 

Figure 3: .stl file a); extracted cross – sections b). 

 

 

2.3. CAD modeling 

 

After extraction from the .stl file,  cross – sections were imported in CatiaV5 software 

package. The CAD model of a handle was designed within the module Wireframe and 

Surface Design. Due to the demanding geometry a framework plan of design process has 

been created and divided into several stages (Figure 4). 

 

 
 

Figure 4: Sequence of the design process. 
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For quality design it is very important to make cross – sections, which can later be easily 

modified [7]. The geometry of the handle was designed using Multi-section surface 

function and finally connected with Join function into a single surface and converted to a 

solid object (Close Surface). After applying radiuses on the sharp edges Cad model was 

exported in the .stl format file. Figure 4 shows a CAD model ready for 3D printing or 

rapid tooling.  

 

 
 

Figure 5: CAD model of a handle. 

 

 

3. PROTOTYPE MANUFACTURING  
 

3.1 Process of 3D printing 

 

3D printing technology has been developed in the early 1990s - by the Massachusetts 

Institute of Technology in the USA. Thermoplastic, metal, ceramic or composite 

powders are used as building materials. The building material is applied to the platform 

by means of roller, and then the printer head applies binding glue, what leads to selective 

connecting particles of powder. The building platform is then lowered to the height of 

the layer and the whole process is repeated. Upon completion of the print job the model 

should be strengthen by dipping or coating with certain adhesives or resins [8][9]. 

 

3.2. Prototype production on the 3D printer 

 

No matter which technology we use to create 3D models, the procedure that leads to the 

finished prototype is always the same and consists of the following steps: 

 

1. Design of products in CAD / CAM software package, 

2. Converting CAD model to .stl format, 

3. Preparation of 3D printer for operation, 

4. Printing model in layers, 

5. Additional postprocessing of the created models, 

6. Application. 

 

After completion of the design process .stl file is imported in the ZPrint software 

package. This software is used to define the settings and options of printing process. The 
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model is positioned in a working volume of 3D printer in such a way to provide the 

highest quality of demanding surfaces and to minimize the print time. To avoid the 

stepped structure that could be pronounced in the curved surfaces for thickness of the 

print the smallest possible value was selected (0.089 mm). ZPrint also gives a report on 

the amount of materials consumed in the printing process of the model (62,09 cm3). 

After printing the model is left in the 3D printer at least 45 minutes to preserve the 

geometric stability. After cleaning the excess powder and fixing with Z - Bond adhesive 

physical model is ready for use. 

 

 
 

Figure 6: Model placed in the working volume of the 3D printer. 

 

In Table 1 are listed the actions that were conducted in the process of prototyping with 

associated times from which is to see that finished prototype of a new product comes in a 

very short period of 2 – 3 days, which compared with the conventional methods is much 

faster, more accurate and ultimately better. Prototype production using common methods 

with constant improving and redesigning of template usually takes a lot longer than few 

days. 

With the appearance and implementation of systems for rapid prototyping during the mid 

- 1990s duration of development projects have significantly decreased and reached the 

framework of a few weeks [10].  

 

Table 1: Time estimation for prototyping process. 

Action Duration, h 
 

Clay model acquiring  45 min 

Drying in the oven  15 min 

Digitizing with 3D scanner 30 min 

Postprocessing 30 min 

CAD modeling 10 h 

3D printing  2h  24 min 

Drying 45 min 

Additional processing (dipping) 1 h 
 

TOTAL 15h 45 min 
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4. CONCLUSION 

 

Designing new ergonomic products today does not necessarily mean finding new 

technical solutions and breakthroughs, but occurs through a departure from conventional 

approaches and traditional materials and designs. 

Application of Rapid Prototyping technologies in new product development as compared 

to the conventional approach, depending on the size of production can provide savings in 

the amount of 50 – 90% of used resources. 

Making custom made ergonomic products using Rapid Prototyping technologies reduces 

costs and allows manufacturing of ergonomic parts in short period of time. This paper 

shows that using clay and the 3D scanner as a media for information transfer (“to get the 

shape right”) saved about a month in CAD and physical prototyping iterations. Total 

time used for prototyping compared to few weeks or a month is much faster, cheaper, 

more accurate and ultimately better.   

Nowadays technology of rapid prototyping has evolved to a level that is used in a wide 

range of applications for creating conceptual models, functional prototypes, finished 

products, tools, etc. 

In the near future disadvantages such as high cost and the limited choice of materials 

will likely be removed thereby technology for rapid prototyping will get the opportunity 

to meet all the requirements set by the production in the various branches of industry. 
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