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Abstract

This work presents an algorithm for design of cellular manufacturing system. It considers
ordinal level data and ratio level data. We consider sequence of operation for every
component as ordinal level data. The ratio level data includes operation time per unit,
production volume & machine capacity. Adapted design activity model & image
representation in computer vision is used to model ordinal-ratio level data. Orthographic view
part grouping is used for part family formation. Machines are allocated on basis of their net
utilization for a part family. Performance of algorithm is comparable & of good quality with
existing methods in its class. To validate the result, a two way ANOVA technique is used, and
on simulated example the F-ratio is enumerated. It is observed that production volume has
significant influence on cell configuration and cell performance. It is concluded that the
change in production volume mixes may need reconfiguration & capacity scaling according to
recommendation of algorithm & ANOVA analysis. To facilitate industrial application, it can

be implemented by using free software, Scilab and/or commercial softwares.
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1. INTRODUCTION & LITERATURE REVIEW

Cellular Manufacturing (CM) is an application of group technology. It aims at a harmonious
assimilation of manufacturing facilities of a company. It relies on manufacturing similarity
concept of group technology. It allows the benefit of flow production organization to be
obtained in a job shop or batch shop production. The first step towards the design of a cellular
manufacturing system is the identification part families and machine groups. The more
closely the assumption made are to reality (i.e. shop floor realities), the better the cell design.

Most methods are based on machine component incidence matrix (that is 0 & 1) alone [1-
11]. A number of researchers proposed similarities coefficients based approaches to solve the
CF problem in the literature. An approach is proposed that is based upon the calculation of an
average voids value (AVV), which indicates the average number of newly produced voids,
when a pair of machine groups is combined [12]. Studies indicated that similarity coefficients
based methods (SCM) are more flexible than other CF methods [13].

Some components have to travel to another cell for further operations. Different
order/sequence of machine cells allocation may result in different total intercellular distance
unit. If the production volume of each part is very large, then the total number of intercellular
movement will be further larger. Therefore, operation sequence and production volume are
very important production factor [11, 14, 15]. Beside it, capacity is other important shop floor
parameter, influencing progress of part production and cell performance [16].

Venugopal & Narendran made use of genetic algorithm for clustering. Nair & Narendran
developed a method (CASE, 1998) [15] of the non-hierarchical type on the basis of sequence

DOI:10.2507/13SIMM08(2)3.125 90



mailto:lokeshkrsax@rediffmail.com
mailto:pkjain123@gmail.com

Kumar, Jain: Part-Machine Group Formation with Ordinal-Ratio Level Data & Production ...

[3] Arvindh, B.; Irani, S. A. (1991). Principal components analysis for evaluating the feasibility of
cellular manufacturing without initial-part matrix clustering, International Journal of Production
Research, Vol. 32, 1909-1938

[4] Cheng, C. H.; Goh, C. H.; Lee, A. (2001). Designing group technology manufacturing systems
using heuristic branching rules, Computers & Industrial engineering, Vol. 40, 117-131

[5] Genwook, J.; Leep, H. R.; Parsaaei, H. R. (1998). A cellular manufacturing system based on new
similarity coefficient which considers alternative routes during machine failure, Computers &
Industrial Engineering, Vol. 34, 21-36

[6] Harhalakis, G.; Nagi, R.; Proth, J. M. (1990). An efficient heuristic in manufacturing cell
formation for group technology applications, International Journal of Production Research, Vol.
28, No. 1, 185-198

[71 King, J. R.; Nakornchai, V. (1982). Machine-component group formation in group technology:
review and extension, International Journal of Production Research, Vol. 20, 117-133

[8] Kitaoka, M.; Nakamura, R.; Seriza, S.; Usuki, J. (1999). Multivariate analysis model for
machine-part cell formation problem in group technology, International Journal Production
Economics, Vol. 60-61, 433-438

[9] Srinivasan, G.; Narendran, T. T. (1991). GRAFICS: a nonhierarchical clustering algorithm for
group technology, International Journal of Production Research, Vol. 29, 463-478

[10] Stawowy, A. (2006). Evolutionary strategy for manufacturing cell design, The international
Journal of Management Science: Omega, Vol. 34, 1-18

[11] Wang, J. (2003). Formation of machine cells and part families in cellular manufacturing systems
using a linear assignment algorithm, Automatica, VVol. 39, 1607-1615

[12] Yasuda, K.; Yin, Y. (2001). A dissimilarity measure for solving the cell formation problem in
cellular manufacturing, Computers & Industrial Engineering, Vol. 39, 1-17

[13] Yin, Y.; Kazuhiko, K. (2006). Similarity coefficient methods applied to the cell formation
problem: A taxonomy and review, International Journal of Production Economics, Vol. 101,
329-352

[14] George, A. P.; Rajendran, C.; Ghosh, S. (2003). An analytical-iterative clustering algorithm for
cell formation in cellular manufacturing systems with ordinal-level and ratio-level data.
International Journal of Advanced Manufacturing Technology, Vol. 22, 125-133

[15] Nair, J. G.; Narendran, T. T. (1998). CASE: A clustering algorithm for cell formation with
sequence data, International Journal on Production Research, Vol. 36, No. 1, 157-179

[16] Nair, J. G.; Narendran, T. T. (1999). ACCORD: A bicriterion algorithm for cell formation using
ordinal and ratio-level data, International Journal of Production Research, Vol. 37, 539-556

[17] Kumar, L.; Jain, P. K. (2008). Part-Machine Group Formation with Operation Sequence, Time
and Production Volume, International Journal of Simulation Modelling, Vol. 7, No. 4, 198-209

[18] Selim, H. M.; Askin, R. G.; Vakharia, A. J. (1998). Cell formation in-group technology: review,
evaluation and direction for future research, Computers and Industrial Engineering, Vol. 34, No.
1, 3-20

[19] Kusiak, A.; Wang, J. (1993). Efficient organizing of design activities, International Journal of
Production Research, Vol. 31, No. 4, 753-769

[20] Gonzalez, R. C.; Wintz, P. (1987). Digital Image Processing, Addison-Wesley Publishing
Company, New York

[21] Panneerselvam, R. (2004). Research Methodology, Prentice Hall of India, New Delhi

[22] Gnanadesikan, R. (1997). Methods for Statistical Data Analysis of Multivariate observations,
Wiley, New York, 7-15

[23] Rummel, R. J. (1988). Applied factor analysis, Northwestern University Press, Evanston

[24] Kothari, C. R. (2004). Research Methodology, New Age Publisher, New Delhi

[25] Alhourani, F.; Seifoddini, H. (2007). Machine cell formation for production management in
cellular manufacturing systems, International Journal of Production research, Vol. 45 No. 4,
913-934

[26] Seifoddini, H.; Wolfe, P. M. (1986). Application of similarity coefficient method in GT, IIE
Transactions , Vol. 21, 382-388

[27] Scilab: Platform — Scilab.org/ Platform

101





