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Abstract

Due to highly competitive global market, the orgations are now forced to focus more on increasing
productivity while decreasing cost by right selentiof machine tools. Proper selection of machir@ to
justifies labor saving, improved product qualitydaimncreased production rate with enhanced overall
productivity. Evaluation and selection of a machioel is a complex decision-making problem invotyin
multiple conflicting criteria. This paper preseatfogical procedure to evaluate the CNC machingsrins

of system specifications and cost by using TOPS&houd. The results derived while solving the CNC
machine selection problem highly corroborate wihthse as obtained by the past researchers.
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1. Introduction

A CNC machine is considered as cost effective agaift that can be used to perform repetitious, aliffi
and unsafe manufacturing tasks with high degreacotiracy. Selection of proper machine tool is ohe o
the important issues for achieving high competitegs in the global market. The main advantage of
selecting a proper machine tool lies not only ioré@sed production and delivery, but also in impdov
product quality, increased product flexibility ardhanced overall productivity. Improper selectidrao
machine tool may cause problems affecting proditgtifiexibility and process capability. Evaluati@md
selection of a machine tool is a complex decisiakimg problem involving multiple conflicting critier,
such as capital cost, machining diameter and lerggiimdle speed, tool capacity, flexibility, safetyd
compatibility. As a result, the problem of machtnel selection should be carefully studied befotarge
capital investment is made. This paper presertagiadl and systematic procedure to evaluate thepaben
numerical control (CNC) machines [1] in terms ofteyn specifications and cost by using the techrique
order preference by similarity to ideal (TOPSIS)timoel, which is observed to be quite capable ofisglv
such type of multi-criteria decision-making (MCDMjoblems. The priority weights for different criter
are determined using analytic hierarchy processRARethod and subsequently, these weights are used
for arriving at the best decision regarding setatbf the proper CNC machine using TOPSIS method.

2. Literature Review

Past researchers have already solved the machatesétection problem for different manufacturing
facilities using various mathematical models, h&igs and MCDM techniques. Atmani and Lashkari [2]
developed a production planning model for solvihg thachine tool selection and operation allocation
problem in flexible manufacturing system (FMS). Thedel determines the optimal machine tool
combination and assigns the operations of thetpaets to the machines, while minimizing the totasdtoof
processing, material handling and machine set-ap.eRal. [3] and Mishra et al. [4] applied fuzzgadr
programming technique to model the problem of maeldol selection and operation allocation. A gienet
algorithm (GA)-based approach and a random segitimiaation methodology are adopted respectively to
optimize the proposed models. Yurdakul [5] proposednodel linking the machine alternatives to
manufacturing strategies for machine tool selectidmre evaluation of machine tool alternatives ivesh
considering strategic implications of the machioel tselection decision using AHP and analytic nekwo
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process (ANP) methods. Chan et al. [6] and Chan Swmdrnkar [7] applied fuzzy goal programming
approach to solve the machine tool selection aratatipn allocation problems of FMS. The models are
optimized using artificial immune system and antlong optimization (ACO) based approaches
respectively. Aya and Ozdemir[8] proposed a fuzzy AHP based approach to evaltia¢ alternative
machine tools. Cost-benefit analysis is carriedumibg both the fuzzy AHP score and procurement cos
for each alternative, and computer software is &l to make all calculations of the fuzzy AHPieas
and quicker while incorporating a data-driven uségrface and related databasgag and Ozdemir[9]
developed an intelligent approach for machine smection problem using fuzzy ANP to improve the
imprecise ranking of an organization’s requirememiéch are based on conventional ANP. A preference
ratio (PR) analysis is adopted while using the ltssof the fuzzy ANP and investment costs of the
alternativesDuran and Aguilo [10] proposed a fuzzy-AHP baapg@roactfor selecting machine tools. It is
reported that adoption of fuzzy numbers allows deeision makers to achieve a better estimation of
flexibility regarding the overall importance of @utes and alternatives. Oniit et al. [11] presatéuzzy
TOPSIS based methodology for evaluation and sekectif vertical CNC machining centers for a
manufacturing unit. Yurdalul ani [12] evaluated the benefits of using fuzzy nurstes a substitute of
crisp numbers in a TOPSIS method based machine sieleiction model. It is concluded that as the
vagueness and imprecision increases in a decisakiagy problem, fuzzy numbers should be preferred to
crisp numbers. Thus, from the review of the paseaeches, it is observed that the MCDM methods are
quite suited and appropriate for solving the maghiool selection problem for a given manufacturing
application. In this paper, the most suitable CNé&chine is selected using TOPSIS (technique forrorde
preference by similarity to ideal) method, whichas efficient MCDM tool for solving such type of
complex decision-making problems in manufacturingdin.

3. TOPSISMethod
The procedural steps of TOPSIS method are enlagtdzblow [13]:

Step 1: Determine the objective and identify theipent evaluation criteria.

Step 2: Construct a decision matrix based on allinformation available for the criteria. Each rofvthe
decision matrix is allocated to one alternative aadh column to one criterion. Therefore, an elémepn
of the decision matrigshows the performance dF alternative with respect t8 griterion.

Step 3: Obtain the normalized decision matrixuBing the following equation:

M 1/2
D; = m,/[Zmﬁ} 1)
=1

Step 4: a) Decide on the relative importance ofedit criteria with respect to the objective by
constructing a pair-wise comparison matrix using fitale of relative importance of AHP [14]. In this
judgment process of assigning values, a criteriberwcompared with itself is always assigned a vafue
1. The remaining values of relative importancehia pair-wise comparison matrix can be decided ftam

9 depending on the requirements. Assuming theréViaceiteria, the pair-wise comparison dF ¢riterion
with respect to"] one yields a square matrix,; Avhere @ denotes the comparative importance Bf i
criterion with respect tdjone.In this matrix, @ = 1 when i = j and;=1/g;.

b) Find the relative normalized weight;Jvof each criterion by (i) calculating the geometmiean of §
row, and (ii) normalizing the geometric mean of soiw the comparison matrix. This can be represented

using the following equations:
1M
M
GMj:[rllaij] )
J:

M
w; =GM;/> GM; (3)
=1
c¢) Calculate the matricesg/Aand A, such that A= A;xA, and A= As/A,, where
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A= [w,, W, wy, |
d) Determine the maximum eigenvalag4) which is average of matrix,A

e) Calculate the consistency index as Chiq(— M)/(M — 1). The smaller the value of ClI, the $ierais
the deviation from consistency.

f) Calculate the consistency ratio, CR = CI/RI, wh&l is the random index value obtained by diff¢re
orders of the pair-wise comparison matrices. Ugual CR of 0.1 or less is considered as acceptable,
indicating the unbiased judgments made by the ecimakers.

Step 50btain the weighted normalized matrix;.V
V”- =W, Dij 4)

Step 6: Obtain the ideal (best) and the negatiealiflvorst) solutions using the following equations

A :{(ixvu/jDJ],(mlsz“/jDJ‘}/i:1,2,...,N} ©)
V™ :{mzi"ivu /jDJJ,(mZii(Vij/jDJ‘J/i:1,2,...,N} (6)

where, J=(j=1,2,...M)/j is associated with beneficial attributes adid (j =1,2,...M)/j is associated
with non-beneficial attributes.

Step 7: Obtain the separation measures. The separaf each alternative from the ideal and theatieg
ideal solutions are calculated by the correspondiuglidean distances, as given in the following
equations:

M 2105

S = Z(Vii ~vi) L=z, N (7
=1
M 2105

S = Z(Vii ~vi) b oiz12.N (8)

=1

Step 8: The relative closeness of a particularrsdtieve to the ideal solution is computed as foBow
R=5/s+s) (©)

Step 9: A set of alternatives is arranged in thecdeding order, according te Wlue, indicating the most
preferred and the least preferred solutions.

4. llustrative Example

Sun [1] applied data envelopment analysis (DEAg\aluate 21 CNC machines (lathes) in terms of ayste
specifications and cost at the operational leveie Tevaluation of CNC machines is based on the
combination of the Banker, Charnes and Cooper (B@Gjlel and cross-efficiency method of DEA. It
aims at identifying a homogenous set of good systdiym measuring, for each machine, the pure teahnic
efficiency through the BCC model. The use of crelgiency evaluation is to discriminate betterjeen

the good systems and bad systems. These good systembe further evaluated for the selection of the
best system in the decision-making process. The mg@ut and output measures for assessing the CNC
machines are considered to be the purchase codieahdical specifications. The capital cost of aCCN
machine, quoted in New Taiwanese Dollar (NT$),He bnly input parameter. The technical features
(output) on which the performance of a CNC machdepends are work capacity, machine body, spindle
and tool turret. Work capacity is measured by theximum machining diameter (mm) and machining
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length (mm). The machine body is measured by répiderse rates (m/min) of the X-axis and Z-axis.
Rapid traverse rates of the X and Z-axes reflespibsitioning capability of a turning centre. Tipinslle is
measured by spindle speed range (rpm). Spindlelspeke number of revolutions that a spindle caken

in one minute and it allows a machine to maintagoastant cutting speed regardless of the partetiemmn
The tool turret is measured by the tool capacitye Tewer is the number of tools in the turret, tihare is
the time required to change the tools as selededde in a particular program. Thus, seven catere.
capital cost (CC) spindle speed range (SS), tophaty (TC), rapid traverse rate of X-axis (TX)pich
traverse rate of Z-axis (TZ), maximum machiningnaiéer (MD) and maximum machining length (ML)
are considered that affect the ability of a CNC hirae to perform various manufacturing operatioms. |
this example, the most suitable CNC machine iscsadiefor small-size shell production from the azbié
alternatives using TOPSIS method. Among the seviaria, CC, TX and TZ are the non-beneficial
attributes as their lower values are desirablethenother hand, SS, TC, MD and ML are the benédficia
attributes because their higher values are alwagfemble. Table 1 shows the criteria values for 21
alternative CNC machines (lathes).

Table 1: Quantitative information for 21 CNC lathigk

Sl. No. CNC Lathe CcC S§ TC TX TZ MD ML
1 YANG ML-5A 1200000f 5590 8| 24 24 205 3950
2 YANG ML-25A 1550000 3463 8| 20 20 280 520
3 YCM TC-15 1400000 5950 12 1p 20 250 469
4 VTURN 16 110000Q 5940 12 12 15 2380 600
5 FEMCO HL-15 1200000 5940 1 12 16 150 330
6 FEMCO WNCL-20 | 1500000 3465 12 6 12 260 40
7 FEMCO WNCL-30 | 2600000 3960 12 122 16 300 65
8 EX-106 1320000 4950 12 24 30 240 340
9 ECOCA SJ20 1180000 4480 8 24 P24 250 330
10 ECOCA SJ25 1550000 39%0 12 15 PO 280 460
11 ECCOA SJ30 1600000 34%0 12 15 PO 280 460
12 TOPPER TNL-85A | 1200000 3465 8 20 24 264 400
13 TOPPER TNL-100A| 1350000 2970 8 20 R4 264 400
14 TOPPER TNL-100AL 1400000 29740 12 24 B0 300 400
15 TOPPER TNL-85T | 1350000 3465 12 30 B0 264 350
16 TOPPER TNL-100T| 1450000 2970 12 20 P4 300 400
17 TOPPERTNL-120T | 1520000 2475 12 20 R4 300 400
18 ATECH MT-52S 1376000 4752 12 20 24 235 350
19 ATECH MT-52L 1440000 4752 12 2D 24 285 600
20 ATECH MT-75S 1824000 3790 10 12 20 300 530
21 ATECH MT-75L 1920000 3790 10 12 20 300 1030

As all these criteria considered for selecting fieper CNC machine are having different units and
dimensions, their values are first normalized udtigg. (1). In order to determine the relative ndipea
weight of each criterion affecting the CNC machsséection decision, a pair-wise comparison matg,
shown in Table 2, is developed using AHP method difiteria weights are obtained agow 0.1148, ws
=0.1808, wc=0.1884, wyx = 0.1197, w,= 0.1148, wpp = 0.1546 and y = 0.1268. The value of CR is
calculated as 0.0847 which is less than the allovadde of CR (= 0.1), indicating the fact that #és a
good consistency in the judgments made by the idecimaker while assigning values in the pair-wise
comparison matrix. Now the values in the normalizktision matrix and the criteria weights are
multiplied using Eqgn. (4) to yield the weighted m@lized matrix, as given in Table 3. The ideal {baad
the negative ideal (worst) solutions are now calt@d using Eqns. (5) and (6) respectively, andetze
shown in Table 4. Using Egns. (7) and (8), the s#fmn measures of each alternative CNC machima fro
the ideal and the negative ideal solutions are cet as given in Table 5.
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Table 2: Pair-wise comparison matrix

Criteria| CC| SS| TQ TX T4 MO ML
CC 1 1 1| 1/2) 1| 172 1
SS 1 1 1 1 1 3 2
TC 1 1 1 1 2 2 2
TX 2 1 1 1] 1/2] 1/3] 1
TZ 1 1] 12| 2 1| 1/2] 1/2
MD 2 | 13| 12| 3 2 1
ML 1 |12 12 1 2 1 1
Table 3: Weighted normalized matrix
SI. No. CNC Lathe CC SS TC X TZ MD ML
1 YANG ML-5A 0.0199| 0.0519 0.0299 0.0333 0.0268 2BP | 0.0194
2 YANG ML-25A 0.0257 | 0.0322 0.0299 0.0278 0.02R3 03B8 | 0.0288
3 YCM TC-15 0.0232| 0.0552 0.0449 0.0208 0.0223 2008 0.0260
4 VTURN 16 0.0182| 0.0551 0.0449 0.0167 0.0167 (0R9.0332
5 FEMCO HL-15 0.0199 0.0551 0.0449 0.017 0.01790192 | 0.0183
6 FEMCO WNCL-20 | 0.0249 0.0322 0.0449 0.0083 0.0133.0332| 0.0233
7 FEMCO WNCL-30 0.0431 0.0368 0.0449 0.0167 0.0179.0383| 0.0346
8 EX-106 0.0219| 0.0460 0.0449 0.0383 0.0335 0.03@70188
9 ECOCA SJ20 0.019¢6 0.0416 0.0209 0.0333 0.0268320.| 0.0183
10 ECOCA SJ25 0.0257 0.037 0.0449 0.0208 0.0223358 | 0.0255
11 ECCOA SJ30 0.0265 0.0320 0.0449 0.0208 0.02230358 | 0.0255
12 TOPPER TNL-85A 0.0199 0.0322 0.0299 0.0278 (BORM.0337| 0.0222
13 TOPPER TNL-100A | 0.0224 0.0276 0.0299 0.0278 @&BOR 0.0337| 0.0222
14 TOPPER TNL-100AL| 0.0232 0.0276 0.0449 0.0333 38%0| 0.0383| 0.0332
15 TOPPER TNL-85T 0.0224 0.0322 0.0449 0.0416 ®BOBP.0337| 0.0194
16 TOPPER TNL-100T | 0.0240 0.0276 0.0449 0.0278 @802 0.0383| 0.0222
17 TOPPER TNL-120T | 0.0252 0.0230 0.0449 0.0278 @802 0.0383| 0.0222
18 ATECH MT-52S 0.0228 0.0441 0.0449 0.0278 0.02680300| 0.0194
19 ATECH MT-52L 0.0239| 0.0441 0.0449 0.02Y8 0.0268.0300| 0.0332
20 ATECH MT-75S 0.0302 0.0352 0.0374 0.0167 0.0223.0383| 0.0293
21 ATECH MT-75L 0.0318| 0.0352 0.0374 0.0167 0.0228.0383| 0.0570

Table 4: Ideal and negative ideal solutions
V* | 0.0182| 0.0552 0.044p 0.0083 0.0134 0.0883 0.0570
V" | 0.0431| 0.0230 0.0299 0.0416 0.0335 0.0192 0.0183

Table 5: Separation measures

CNC 1 2 3 4 5 6 7 8 9 10 11

S | 0.0511| 0.0455 0.0356 0.0270 0.0443 0.0418 0.039851@| 0.0525 0.0405 0.043

[*2]

I~

S~ | 0.0392| 0.033Q0 0.0494 0.05%8 0.0516 0.0487 0.0438376| 0.0343 0.0400 0.038

CNC 12 13 14 15 16 17 18 19 20 21

S" | 0.0505| 0.0529 0.0488 0.0592 0.0507 0.0535 0.0468360| 0.0390 0.028

o
=

S~ | 0.0330| 0.0303 0.0361 0.0308 0.0351 0.0841 0.0379402| 0.0401 0.054

=]
U
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Table 6: Relative closeness values

CNC 1 2 3 4 5 6 7 8 9 10 11

P, | 0.4346| 0.4203 0.5813 0.6740 0.5382 0.5886 0.5264216| 0.3952 0.497 0.4713
CNC 12 13 14 15 16 17 18 19 20 2]

P, | 0.3949| 0.3637 0.424D 0.3427 0.4086 0.3894 0.4478229| 0.5073 0.658}

Table 6 shows the relative closeness value of edtelnative CNC machine, which is calculated using
Eqgn. (9).Now, the alternative CN@achines are arranged in descending order according fo risative
closeness values. From Table 6, it is observedttieaCNC lathe 4(TURN 16) is the best choice. The
final ranking of the CNCmachines is 4-21-3-6-5-7-19-20-10-11-18-1-14-8-2-16-9-121B-15 which
almost matches with the results as obtained by Hun

5. Conclusions

It is quite clear that selection of a proper maehiool for a given manufacturing application invedva
large number of considerations. The use of TOPSEhaod is observed to be quite capable and
computationally easy to evaluate and select thpgsramachine tool from a given set of alternativess
method uses the measures of the considered cnitéhiaheir relative importance in order to arriaethe
final ranking of the alternative CNC machines (&#h Thus, this popular MCDM method can be
successfully employed for solving any type of diecismaking problems having any number of critend a
alternatives in the manufacturing domain. As aritscope, a fuzzy TOPSIS based methodology may be
developed to aid the decision makers to take dewsin presence of imprecise and incomplete data.
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