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Abstract

A simulation model is developed to evaluate the performance of a flexible manufacturing
system with respect to time in system. The new rule to assign parts to machine-tools we
propose, OOM (Only One Machine), designed to minimize parts movements performs poorer
than WINQ (Work In Queue), a rule directed at balancing machine workload. Different
numbers of automated guided vehicles (AGV) produce significantly different results with the
best performance resulting with five AGVs. Three AGVs are too few to handle the
transportation requirements, whereas seven may, to some extent, increase AGV blockage. The
number of parts that can be entirely processed on one single machine is found to impact
performance, but the impact is not consistent across the experimental conditions. Three rules
to sequence parts to be processed are found to have a moderate impact when OOM

assignment is employed, but have no impact under the WINQ assignment rule.
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1. INTRODUCTION

Contemporary market requirements drive the manufacturing into developing capabilities to
cope with large product variety, low quantity, small batches and on-time delivery. Flexible
manufacturing system (FMS) is a manufacturing setting designed to provide responses to
those requirements. Time spent to manufacture a part is therefore critical. Planning and
scheduling functions need to be addressed with much greater rigor and precision in order to
minimize time in system to process a part. FMSs are agile, provide wide flexibility and are
well suited for simultaneous production of a wide variety of part types in low volumes [1].
The main purpose of this research is to evaluate the performance of a dedicated FMS with
respect to time in system (T). Two rules to assign machines to parts, three rules to sequence
jobs at a particular machine, three levels of available automated guided vehicles (AGV) and
two levels of machine commonality will be tested. In a manner similar to the component
commonality concept [2], in this study machine commonality refers to the number of parts
that can be entirely processed on one single machine. Parts will be loaded onto a pallet in
accordance with the first-come-first-served discipline. Once loaded, there is a need to assign
the part to the machine-tool (MT) required to perform the next operation. The assignment
decision will be based upon one of the two assignment (A) rules: OOM (Only One Machine)
and WINQ (Work In Queue). Following the machine assignment decision, parts will be
launched into the FMS and scheduled in front of the MT to be processed based upon one of
three sequencing (S) rules: shortest processing time (SPT), SPT divided by total processing
time (SPT/TOT), and most operations per part (MOPP). Because the performance of a FMS
has been shown to be related to the configuration and hardware available to move parts
around the system, the number (V) of AGV will be defined as the third experimental factor
and will be set at three different levels of intensity: 3, 5 and 7 AGVs. Finally, the number of

DOI:10.2507/13SIMM10(2)4.182 91




Pereira: FMS Performance under Balancing Machine Workload and Minimizing Part ...

[17] Chen, I. J.; Chung, C-S. (1996). Sequential Modeling of the Planning and Scheduling of Flexible
Manufacturing Systems, Journal of the Operational Research Society, Vol. 47, 1216-1227

[18] Sridharan, R.; Babu, A. S. (1998). Multi-level scheduling decisions in a class of FMS using
simulation based metamodels, Journal of the Operational Research Society, Vol. 49, No. 6, 591-
602

[19] Chang, Y-L.; Sullivan, R.; Wilson, J. (1986). Using SLAM to design the material handling
system of a flexible manufacturing system, International Journal of Production Research, Vol.
24, No. 1, 15-26

[20] Choi, R. H.; Malstrom, E. M. (1988). Evaluation of traditional work scheduling rules in a flexible
manufacturing system with a physical simulator, Journal of Manufacturing Systems, Vol. 7, No.
1, 33-45

[21] Sabuncuoglu, I.; Hommertzheim, D. L. (1989). An investigation of machine and AGV scheduling
rules in an FMS, Stecke, K. E.; Suri, R. (Eds.), Proceedings of the 3" ORSA/TIMS Conference on
Flexible Manufacturing Systems: Operations research models and applications, 261-266

[22] Gunther, H. O.; Gronalt, M.; Zeller, R. (1998). Job sequencing and component set-up on a
surface mount placement machine, Production Planning & Control, Vol. 9, No. 2, 201-211

[23] Sarin, S. C.; Chen, C. S. (1987). The machine loading and tool allocation problem in a flexible
manufacturing system, International Journal of Production Research, Vol. 25, No. 7, 1081-1094

[24] Chan, F. (2002). Evaluation of combined dispatching and routing strategies for a flexible
manufacturing system, Proceedings of the Institution of Mechanical Engineers, Part B. Journal
of Engineering Manufacture, Vol. 216, No. 7, 1033-1046

[25] Denzler, D. R.; Boe, W. J. (1987). Experimental investigation of flexible manufacturing system
scheduling decision rules, International Journal of Production Research, Vol. 25, No. 7, 979-994

[26] Miller, R. K.; Subrin, R. (1987). Automated guided vehicles and automated manufacturing,
Society of Manufacturing Engineers, Dearborn, Michigan

[27] Elsayed, E. A.; Boucher, T. O. (1985). Analysis and Control of Production Systems, Prentice-
Hall, Englewood Cliffs, New Jersey

[28] Nance, R.; Sargent, R. (2002). Perspectives on the evolution of simulation, Operations Research,
Vol. 50, No. 1, 161-172

[29] Hachicha, W.; Masmoudi, F.; Haddar, M. (2007). An improvement of a cellular manufacturing
system design using simulation analysis, International Journal of Simulation Modelling, Vol. 6,
No. 4, 193-205

[30] Kehris, E. (2009). Web-based simulation on manufacturing systems, International Journal of
Simulation Modelling, Vol. 8, No. 2, 102-113

[31] Pritsker, A. A.; O'Reilly, J. J.; LaVal, D. K. (1997). Simulation with Visual SLAM and AweSim,
John Wiley & Sons, New York

[32] Szczerbicki, E. (2000). Simulation modeling for complex production systems, Cybernetics and
Systems: An International Journal, Vol. 31, No. 3, 333-351

[33] Szczerbicki, E.; Williams, J. (2001). Developing agile manufacturing strategy with AWESIM
simulation platform, Cybernetics and Systems: An International Journal, Vol. 32, No. 7, 719-736

[34] Legato, P.; Mazza, R. (2001). Berth planning and resources optimization at a container terminal
via discrete event simulation, European Journal of Operational Research, Vol. 133, No. 3, 537-
547

[35] Dhouib, K.; Gharbi, A.; Ayed, S. (2009). Simulation based throughput assessment of non-
homogeneous transfer lines, International Journal of Simulation Modelling, Vol. 8, No. 1, 5-15

[36] Conway, R. W. (1963). Some tactical problems in digital simulation, Management Science, Vol.
10, No. 1, 47-61

[37] Stecke, K. E.; Solberg, J. J. (1981). Loading and control policies for a flexible manufacturing
system, International Journal of Production Research, Vol. 19, No. 5, 481-490

[38] Neter, J.; Wasserman, W.; Kutner, M. (1985). Applied linear statistical models — regression,
analyses of variance, and experimental designs, Richard D. Irwin, Homewood, Illinois

[39] Eisenhart, C. (1947). The assumptions underlying the analysis of variance, Biometrics, Vol. 3,
No. 1, 1-21

103



	FMS PERFORMANCE UNDER BALANCING MACHINE WORKLOAD AND MINIMIZING PART MOVEMENT RULES 
	1. INTRODUCTION



