














An Integrated Approach towards Achieving Agility 

Rapid Product Development 

This is the final stage in which RP and CNC technology were employed for 
effective design communication to achieve synchronization of the manufacturing 
process as well as for fast prototyping. RP allows for reduced lead times to 
produce prototyped components, and improved ability to visualize the part 
geometry due to its physical existence [23]. The prototype built is then inspected 
and authorized by the customer for manufacture through CNC machining. 

RP Model 

The RP model for the broken clutch shoe was built utilizing the Z-Corp 310 
3D-Printer. This involved converting the parametric solid CAD model, M2 into 
a stereo-lithography (STL) format. Algorithms within the RP system slice the 
STL file into two-dimensional (2D) cross-sectional layers which is then saved 
and sent to the 3D printer for building. The RP model is built one layer at a time 
till completion. Finally, the model was post-processed which included cleaning, 
post-curing and removing the support materials utilized. 

CNC Model 

With the RP model meeting the customer's satisfaction, the digitized parametric 
CAD model selected for prototyping was transferred to a CAM system via STL 
file. A combination of pocketing and contouring operations was prepared for 
the generation of the cutter location data. Simulation of the milling sequences 
for verification of the toolpaths was then performed after which post-processing 
was initiated to retrieve the NC codes necessary for the CNC machining process. 
Subsequently the NC codes were imported to the Boxford 300VMCi vertical 
machining centre for manufacture of the clutch shoe. 

Discussion 

Although RE and RpD technologies as enablers of agility in product design 
and development is recognized, little emphasis is placed on the significant 
contribution of ReE. Validation and testing of CAD models help to detect if 
the design is within specified tolerance and facilitate identification of areas 
for improvement. This was demonstrated by an approximate 25 per cent 
stress reduction with the new parametric CAD model selected, M r Also, this 
iterative process rapidly revises and advances the design which can avoid the 
overfull prototyping repeats thereby reducing material costs of prototyping and 
development time of the product [24]. The outcome of this research project 
supports that agility in design and development stages can be advanced through 

55 



Journal of Mechanical Engineering 

integration of RE and RpD technologies together with FEA and GD&T function. 
The digitized parametric solid CAD model is retrieved from the broken clutch 
shoe within 24 hours. The optimized design for better performance is made 
available in only 1 day and once the data sets are processed, the prototype and 
manufactured part can be delivered within another 48 h. When compared with 
the expected total downtime of at least one week as well as shipping and part 
costs, the process presented as part of this research proves to be viable. 

Conclusion 

In essence, this research has presented a novel framework to integrate design, 
testing and development processes for better performance of a product in short 
turnaround time. To achieve agility, computer aided systems were utilized and 
demonstrated through a case study of a broken free-form centrifugal clutch shoe. 
RE and CAD systems were instrumental in the rapid development of a digitized 
parametric CAD model which was first inspected using GD&T and then carried 
iteratively to engage testing in a FEA system and modification. Design table 
feature supported instant generation of new CAD models for further testing. The 
CAD model (M2) with best results was selected for RpD using a 3D-printer for 
effective design communication to the customer. CNC machining of the selected 
CAD model (M2) was performed after the customer's authorization is granted. 
Future research is currently being pursued in the area of ReE for optimization 
of the clutch shoe in terms of material and weight. As such the clutch shoe was 
manufactured from nylon material for initial investigations. 
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