1. Contextual Review
Machining and more specifically, milling is not a new manufacturing technology. Consequently the subject of general fixture design has been researched thoroughly and many text books and journal articles have been published on the subject. However, far less work exists on fixture design for freeform geometries specifically as the widespread use of multi-axis machine tools and the advanced Computer Aided Manufacturing (CAM) software used to programme them is a still increasing at a modest rate as hardware and software prices decrease, and in doing so, become more affordable for small to medium sized enterprises. Several concepts or protocols for fixture design have been developed and applied successfully for many years the most prevalent concept in the literature reviewed was the 3-2-1 principle. “The 3-2-1 principle is the most widely used guiding system for developing a location scheme.” (Wan. 2009) The numbers 3-2-1 refer to the recommended number of locating points which should be used to support the part or material in the primary, secondary and tertiary plains.





Fig 1.2 Two locating points on the secondary surface
(Chang, et al 2005)
Fig 1.1 The use of three locating (supporting) points on
the primary locating surface (Chang, et al 2005)

  




	

Fig 1.3 One locating point on the tertiary locating surface
(Chang, et al 2005)



By clamping the component/material against the six abutments simultaneously, all degrees of freedom will be restrained.  Systems such as 3-2-1 have proved to be very useful as guidelines for the design of work-holding devices for simple part geometries. However, they lack sophistication and are not flexible enough to be of use when developing fixtures for freeform surface geometries.  
It is widely accepted that the success of a fixture design exercise is heavily influenced by the experience and skill of the designer or design team. “Design experience has been recognized as a significant source of knowledge in the creative process of design” (Peng et al. 2010). This said, systems aimed at structuring the fixture design process have been proposed. Peng & Chen, (2010) identified that Rule Based Reasoning (RBR) and Case Based Reasoning (CBR) were methodologies frequently applied when designing work-holding devices. RBR uses logical reasoning protocols to indicate if a design problem requires further investigation. This largely depends on the complexity of the desired component along with other factors such as the stiffness of the part material, the material thickness and a maximum allowable distance between the surface or volume being machined and the nearest point of contact with a fixture support. 
CBR differs from RBR in that it is used to analyse a new fixture design problem and compares it with a data-base of fixtures which have been designed and successfully implemented previously. This is often referred to as “similarity-based matching” (Chou. 2009).
For many years computers along with Computer Aided Design (CAD) software packages have been used to aid the design of components and assemblies. As fixture design became more complicated, largely due to the increasing prevalence of automated (CNC) machine tools, CAD software was introduced for design visualisation, allowing the finalised fixture design to be appraised and then conveyed to a manufacturer or manufacturing department. In time, software developers began developing CAD systems specifically aimed at fixture design. These specialised systems not only provided an effective means of visualising the design, but also offered designers tools which could be used to appraise a fixtures configuration in a virtual environment. Rong & Bai (1997) concluded that “Since the 1980s, computer-aided fixture design (CAFD) has risen dramatically and much work has been carried out in order to improve the fixture design process”. These observations were made at a time when commercially available multi-axis machining technology was in its infancy and software capable of generating programs able to define complex and detailed freeform surface geometry was still in development.
It is widely accepted that there are four discrete stages of Computer Aided Fixture Planning (CAFD) although the names given to the stages may differ slightly depending on which publication or text is referred to. Kang and Peng, (2008) outlined the four stages in fig. 1.4.
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Fig. 1.4 Summary of the Four Computer Aided Fixture Planning Stages
 (Kang & Peng, 2008)



This four stage model can be applied to conventional fixtures which are individually designed, developed and manufactured to accommodate the geometry of a specific component. However, the paper’s authors use a modular fixture system to illustrate the four steps. Modular fixtures comprise of a wide range of standardised clamps, supports, abutments which can be adjusted and configured to accommodate the geometry of the component/material being machined. As well as reducing lead-time to production, the use of modular fixtures can dramatically reduce the cost of developing a new fixture. “By using flexible and adaptable fixtures companies can expect as much as 80% reduction of the fixture cost” (Kang and Peng. 2008).
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