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ABSTRACT

This paper proposes a framework for evaluating investment in Time Compression Technology (TCT), of which Rapid Prototyping (RP) is an example. The approach applies the Analytic Network Process (ANP) instead of the more familiar Analytic Hierarchy Process (AHP) to quantify the impact of the value of reducing development time through investment in TCT. The research has involved collaboration with eleven firms in a variety of industrial sectors in the United Kingdom and Austria. The results and analysis of a comparison between current and TCT technology are presented. 

THE FRAMEWORK FOR THE SELECTION OF RP

The framework aims to quantify the value of reducing development time by investment in TCT. Time Compression Technology(ies) (TCTs) can mean any advanced technology that can improve a design and manufacturing process to achieve better quality in a shorter period than conventional technology. One example of TCT is Rapid Prototyping (RP) which can be used to shorten design and development time. In conventional technology, time is needed for preparation (machining) of a prototype model from a Computer Aided Design (CAD) file, whereas RP technology uses methods such as Stereolithography (SLA), Selective Laser Sintering (SLS), Fused Deposition Modelling (FDM) or Laminated Object Manufacturing (LOM), to generate 3D forms directly from the CAD file. This allows engineers to visualise, verify, iterate, optimise or even fabricate the objects within a shorter period. ANP has been chosen as a decision making tool to aid such analysis. The most important advantage of ANP over AHP is that the ANP is a holistic approach in which all criteria and alternatives involved are connected in a network system that accepts various dependencies (Saaty 1996). Complex decision problems can not always be hierarchically structured (as in AHP) because they involve the intersections and dependencies in higher/lower level elements. The ANP process can be further clarified in Saaty (1996). The relationships between the ANP components in the decision process are illustrated in Figure 1, which shows the Control Hierarchy containing the Overall Goal, Control Criteria and Control Sub-Criteria. In evaluating which of the four alternative RP technologies to choose and compare with the Status Quo (a company's current technology), four distinct groups, or clusters of element, are considered to have an influence on the decision process (Figure 2). The Control Criteria, Control Sub-Criteria and relationships given, come from interviews with managers in the U.K. automobile, aerospace, healthcare and sport equipment industries (Kengpol and O'Brien 1999). The data on priorities come from the responses given by a group of managerial decision-makers in eleven leading industries in the U.K. and Austria. 

EXAMPLE

Table 1 summarises the overall results from the ANP analysis for Firm No. 1 (an aircraft body manufacturer) and gives the ranking of BCR or Benefits/(Costs*Risks). In terms of Benefits, SLA is the most preferred, and the Status Quo is the most preferred in both the Costs and Risks criteria. In Benefits/Costs, SLA is the most preferred technology due to the high ranking of Benefits. When we include the Risks criteria, LOM (which has minimum associated risks) becomes the most appropriate. Further information on the solution of the Supermatrix for ANP to achieve these results can be found in Saaty (1996) and Sarkis (1998). In order to calculate the value of RP to the firm, the approach sets the Status Quo to be the neutraline and the other alternatives are compared against this neutraline. LOM is the only one alternative that gives a positive value to the firm (16.70%) indicating that LOM is not only financially appropriate (lower cost) but also a technically appropriate from the results of the holistic analysis. Moreover, if LOM is not included, the Status Quo is the most appropriate compared with SLA, SLS and FDM, which mean that the holistic benefits from these RP technologies are inadequate to persuade the business to make any investment in these RP technologies.

SUMMARY AND DISCUSSION

The results of quantifying the value of reducing development time through investment in RP for all eleven firms are illustrated in Table 2. Although the different environment and the different experiences of each DM lead to different assessments of the value of RP, the DMs consider that the holistic analysis of Benefits, Costs and Risks are a significant justification for choosing to invest in such expensive technology in all but one of the cases. The RP machine typically selected is LOM (45%), because its price is in the middle range with an ability to produce a reasonably good prototype within a reasonably short period. Surprisingly FDM is not chosen by any of the firms, although it is the cheapest technology as the surface finish of the prototype was not considered to be a sufficiently high standard for the nature of the prototype required by the firms. The second most popular is SLS (27%) because of its versatile manufacturing capability. SLS can work with several types of material and hence produce several forms of prototype e.g. hard, soft or flexible etc.. The framework presented above can be used as a guideline and adapted to a user's own decision making problems, and the concept of using ANP to quantify the value of RP in TCT selection can be modified to select advanced technologies in other investment projects.








   Figure 1: Control Hierarchy




  Figure 2: Clusters and Elements Using in Control Sub-Criteria


Benefits
Costs
Risks
B/C
B/C*R
Value of RP
Value of RP in %

SLA
0.0864
0.0918
0.0554
0.9407
1
16.955
5
0.91
-9.33

SLS
0.0834
0.0899
0.0528
0.9274
2
17.559
4
0.94
-6.10

FDM
0.0718
0.0865
0.0456
0.8303
4
18.175
3
0.97
-2.80

LOM
0.0668
0.0749
0.0408
0.8925
3
21.822
1
1.17
16.70

Status Quo
0.0459
0.0745
0.0329
0.6157
5
18.699
2
1.00
0.00

Table 1: Overall Results of the Firm No. 1

Firm
Benefit / (Cost *Risks)
Value of RP (%)


SLA
SLS
FDM
LOM
SQ
SLA
SLS
FDM
LOM
SQ

1 UK
16.95
17.55
18.17
21.82
18.69
-9.33
-6.10
-2.80
16.70
0

2 UK
17.86
26.01
30.87
28.03
31.34
-43.0
-17.0
-1.52
-10.5
0

3 UK
27.83
23.68
18.58
16.03
15.96
74.33
48.32
16.41
0.46
0

4 UK
10.27
9.80
6.51
10.60
8.50
20.76
15.30
-23.4
24.69
0

5 UK
14.84
21.85
19.25
23.37
23.24
-36.1
-6.01
-17.1
0.53
0

6 UK
21.69
24.41
24.77
32.24
27.70
-21.6
-11.8
-10.5
16.41
0

7 UK
24.51
30.45
27.11
26.06
19.12
28.14
59.22
41.76
36.29
0

8 UK
11.31
14.36
14.61
19.65
16.75
-32.4
-14.2
-12.7
17.32
0

9 UK
21.52
24.02
13.14
19.83
12.63
70.38
90.20
4.07
57.03
0

10 A
28.22
36.51
24.36
18.03
12.23
130.6
198.3
99.13
47.35
0

11 A
30.08
25.66
17.40
13.04
10.34
190.7
148.1
68.21
26.07
0

Total amount of selected RP Machine
2
3
0
5
1

Total amount of selected RP Machine (%)
18.18
27.27
0.00
45.45
9.09

Table 2: Priorities and Synthesis Results

Remark: BCR = Benefit / (Cost *Risk), SQ = Status Quo,UK = United Kingdom, A = Austria
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