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Abstract 

This paper presents the development of an industrial design approach for CNC machine tools and its implementation perspectives 
in the advanced mechatronic and CNC machine application contexts. Firstly, the investigation is focused on the industrial design 
ideas for CNC machine tools by formulating the advanced design concepts, ergonomics and human-machine interactions, and 
UED. Then, the industrial design principles are discussed particularly concerned with the geometrical shape, colour and human-
machine interaction, etc. Furthermore, the industrial design approach is proposed with application case studies. Finally, the 
implementation of the approach is demonstrated through the development of virtual machine tools at Brunel University London. 
The paper is concluded with further discussion on the potential and application of the industrial design approach for CNC 
machines broadly. 
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1. Introduction 
 
Industrial design embraces human factors, aesthetics, ergonomics, sociology, psychology, engineering 

manufacture and marketing, etc., which can be considered as providing tools to assist specifications of what being 
needed by the market and design of the man-machine interface of industrial products [1]. Industrial design is 
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synergic the glue of industrial society, which makes originally isolated disciplines contact and interact each other so 
as to form an organic unity. Industrial design implements science, technology and creative art together; science and 
technology objectively reveal the laws of nature and creative art dynamically carries out creative activities. It not 
only seeks the unity of the inner of products, i.e. the beauty and usefulness of the unity, but it also seeks coordinated 
products and people, products and the environment.  

CNC machine tools are advanced enabling facilities for the manufacturing industry. Their design and building 
illustrate the seamless integration of mechanical structure, electrical actuation, CNC controllers, mechatronics and 
sensors, in-process inspection, monitoring and control, software and CNC user-interface design. In the industrial 
design process for CNC machine tools, aesthetic, ergonomic, graphic techniques, and man-machine interface are 
main concerns. 

   
(a) Dining hall stone roof of Oxford Christ Church 

College (UK) 
(b) Dome of the Temple of Heaven(China) (c) Gantry milling machine tool 

Fig.1 System structure of aesthetic design in architecture and machines 

Aesthetic design is by far the most traditional industrial design techniques [1]. It was particularly prominent in 
architectures for the exterior and interior presentation. As shown in Fig.1(a), for instance, the stone roof of dining 
hall at Oxford Christ Church College adopts balanced aesthetic rules, which  not only guarantees the dome structure, 
but also is in line with people's aesthetic concept and timeless. Fig.1(b) illustrates the dome of the Temple of 
Heaven, its design principles with symmetry is still in use today for the benefit mechanically and aesthetically. In 
modern days, industrial design combines aesthetic design, ergonomic and graphic techniques all together and 
contribute the design integrity, albeit it varies on the type of products and nature of their ‘user’ interface [1]. 
Likewise, machine tools should have their characteristics of aesthetic design including form, color, symmetrical 
configuration, mechanical strength, dynamic performance and the compatibility with their working environment, 
etc. as illustrated in Fig.1(c). Industrial design of CNC machine tools is becoming increasingly important, although 
they have more technological and usage complexity in comparison with consumer electronic products and ICT 
devices. 

In this paper, an industrial design approach for CNC machine tools is proposed, covering the industrial design 
innovation, the industrial design process, and formulation of the associated design rules. Industrial design analysis 
and implementation perspectives are further explored with support from industrial design case studies on some 
specific CNC machine tools. 

2. Industrial design for CNC machine tools 

2.1 Industrial design ideas for CNC machine tools 

Industrial design for CNC machine tools is becoming increasingly important, although it has more technological 
and usage complexity compared with consumer electronic products and ICT devices. The industrial design for CNC 
machine tools should be innovative, while the technological development of CNC machines is offering new 
dimensions or opportunities for innovative industrial design [2]. The modern CNC machines are increasingly 
becoming the users driven mechatronic products and their industrial design innovation should thus be undertaken 
correspondingly. Therefore, eight principles applicable to industrial design are formulated in light of author’s 
investigation particularly on Dieter Rams’ ten principles of "Good Design" [3] and some of contemporary 
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