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Abstract— A Flexible Manufacturing System (FMS) 

consists of a computer-controlled, integrated configuration 

of machines with automated material handling systems. 

Problems related to flexible manufacturing technology are 

relatively complex compared to traditional manufacturing 

systems in which lead times are longer, inventory levels are 

higher, and utilization rates are lower. In order to take full 

advantage of the flexibility of the system, operation 

assignment, planning and scheduling should be done in a 

collective way. This works proposes the development of 

simulation models for studying the behavior of complex 

FMS and finding a stage for which FMS system have 

maximum utilization. The models are formulated and taken 

a case studies. The machine efficiency is considered less 

than 100%. The time of part movements among machines is 

not zero. 
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I. INTRODUCTION 

Flexible manufacturing system (FMS) is an automatic 

production system. The FMS is capable of optimizing each 

step of the manufacturing process, and can involve one or 

more operations or processes (turning, drilling, milling, and 

surface grinding), inspection and assembly tasks. An FMS 

processes many parts and it adapts to changes in the part 

designs. The limited resources such as pallets and fixtures 

must be changed or reassigned, and tool magazines must be 

reconfigured after one batch is completed so as to process 

the next batch quickly. The FMS must be configured for 

each batch. After one batch is completed, there is a switch-

over involved, e.g., a machine tool magazine must be 

reconfigured, routing patterns changed, pallets/fixtures 

changed, etc. The operational problem is to determine which 

part type goes into a well-defined batch.  

II. LITERATURE REVIEW 

When Petri Nets were introduced, many papers were 

published on topics such as resource utilization, bottle necks, 

throughput, cycle times and capacity estimations. Petri Nets 

were evaluated in manufacturing systems using different 

techniques like simulation, queuing theory, probability and 

stochastic Petri nets. Most of the results in this area focused 

on cyclic scheduling problems Ramamoorthy & Ho (1980) 

and Hillion & Proth (1989) have used a technique based on a 

“marked graphs” (a sub class of Petri nets) to analyze the 

throughput of cyclic (production) processes. Carlier, 

Chretienne & Girault (1984, 1988, 1983), Gao, Wong & 

Ning (1991) and Watanabe & Ya-mauchi (1993) also focused 

on minimal cycle times for repetitive scheduling problems. In 

this paper focus is on the traditional non-cyclic scheduling 

problems such as machine and job scheduling. 

 PNs are a graphical and mathematical modeling 

tool applicable to several systems. As a graphical and 

mathematical tool, PNs were used as a visual 

communication aid similar to flow charts, network diagrams 

and block. In this paper timed Petri net model is used and 

time is associated with transitions. 

III. PETRI NET SOFTWARE V 2014.7 

The Petri Net version 2014.7(6.0.7) is a software tool that 

used for modeling, simulation, design and analysis of 

discrete event systems, Petri net (PN) based models. The 

current version of the PN Tool can serve various 

instructional tasks, due to the wide range of topics covered 

by its facilities. It is suitable for applications illustrating the 

theoretical concepts provided by courses on PNs with 

different levels of difficulty. Furthermore, the PN Tool 

allows relevant experiments for studying the event-driven 

dynamics of physical systems encountered in many 

technical fields such as flexible manufacturing systems 

(FMSs), computer systems, communication protocols, 

power plants, power electronics, etc…  

IV. DEFINITION OF PETRI NETS 

A PN is defined as a bipartite graph containing places 

(pictured by circles) and transitions (pictured by bars). 

Places and transitions are connected by directed arcs 

(pictured by arcs with arrows). Places contain tokens 

(pictured by black dots). The distribution of tokens in the 

places of a PN is called its marking. Places can model 

different entities comprising the system, such as robots, 

machines, and AGVs; and different intermediate states of 

the system, e.g., Robot _i_is_ready_to_load_part_j. 

Transitions can model activities involved in the system, e.g., 

Robot I_ _ _loads fart j. Directed arcs model information, 

material, and control flow in the system. A token in a place 

represents the true value of the conditions modeled by the 

place. All places that have arcs leading into (out of) a 

transition are said to be that transition's input (output) 

places. A transition is said to be enabled if each of its input 

places has at least a number of tokens equal to the weight of 

the arc leading from that place to the transition. To maintain 

consistency the following PN definitions are given. 

Formally, a PN Z is a five tuple, Z = (P,T, I, O, m) where  

1) P is a finite set of places;  

2) T is a finite set of transitions with P  

3) I: PxT -->N, is an input function that defines the set 

of directed arcs from P to  

T where N = {O, 1, 2,...}  

4) 0: PxT -->N, is an output function that defines the 

set of directed arcs from T to P;  
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5) m: P is a marking whose ith component represents 

the number of tokens in the ith place. An initial 

marking is denoted by mo. 

A. Timed Petri Net- 

Petri nets originate from the early work of Carl Adam Petri 

in 1962. Since then there has been lot of research in study and 

application of Petri nets. The classical Petri net is a bipartite 

directed graph with two node types called places and 

transitions. Places are represented by circles and transitions 

by rectangles. Places may contain zero or more tokens, which 

are represented by black dots. The net shown in Fig. I, These 

Petri net models a machine which processes jobs and has two 

states free and busy. There are four places in, free, busy and 

two transitions start and finish. In the state shown in Fig. I 

there are five tokens; four in place in and one in place free. 

The tokens in place in represent jobs to be processed by the 

machine. The token in place free indicates that the machine is 

free and ready to process a job. If the machine is processing 

a job, then there are no tokens in free and there is one token 

in busy. The tokens in place out represent jobs which have 

been processed by the machine. Transition start has two input 

places in and free and one output place busy. Transition 

finish has one input place busy and two outputs places out 

and free. A transition is called enabled if each of its input 

places contains at least one token. 

 
Fig. 1: Petri net with one machine initial stage. 

 
Fig. 2: intermediate stage of job processing. 

An enabled transition can fire. Firing a transition t 

means consuming tokens from the input places and 

producing tokens for the output places, i.e. t “occurs”. 

Transition start is enabled in the state shown in Fig. II, 

because each of the input places in and free contains a 

token. Transition finish is not enabled because there are no 

tokens in place busy. Therefore, transition start is the only 

transition that can fire. Firing transition start means 

consuming two tokens, one from in and one from free, and 

producing one token for busy. The resulting state is shown 

in Fig. II. 

In this state only transition finish is enabled. 

Hence, transition finish fires and the token in place busy is 

consumed and two tokens are produced, one for out and one 

for free. Now transition start is enabled, etc. As long as there 

are jobs waiting to be processed, the two transitions fire 

alternately, Fig III. Which show the final stage of processing 

at that stage machine is free with one token. 

 
Fig. 3: Final stage of job processing. 

B. Case Study 

The configuration of FMS is given in Table I shows the type 

of layout, number of machines, number of parts, load/unload 

stations and the number of AGV used. We have five parts to 

be processed on five different machines. The Table II 

indicating the machine sequence number of five parts. The 

operation time shown in Table III. 

Layout 

Type 

No of 

Machine 

No of 

Parts 

Load/ 

Unload 

No of 

AGV 

In-Line 5 5 1 each 1 

Table 1: Configuration of FMS 

Product                     Operation sequence 

Job A LC BH  

Job B LC DR  

Job C LC ML GC 

Job D LC DR ML 

Job E DR LC BH 

Table 2: Operation sequence 

Operation time in minutes 

Job A 32 24 27 

Job B 35 30 00 

Job C 18 24 32 

Job D 34 18 22 

Job E 20 32 18 

Table 3: Processing Time 

Fig. 4 shows Petri Net model of 5 jobs 5 machines. 

Our assumption 1 machine can process 1 job at a time. Two 

processes are mutually exclusive if they cannot be 

performed at the same time due to constraints on the usage 

of shared resources. 

C. Petri Net Simulation Model 
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Fig 4: 5 jobs 5 machines Petri net model 

This is the petri net model for 5 machine and 5 jobs, this 

simulation model use for processing different batches of job 

for maximum utilization of the machine and system.    

D. Simulation Result 

No of batch of job 1 2 3 4 5 6 7 8 9 10 

process Time 179 336 493 650 807 964 1121 1278 1435 1592 

No of batch of job 11 12 13 14 15 16 17 18 19 20 

process Time 1749 1906 2063 2220 2377 2534 2671 2848 3005 3162 

Table 4: Batch processing time for different batches of job (Result of petri net for 5x5 case study) 

batch of 

jobs 
TPT % UM1 % UM2 % UM3 % UM4 % UM5 % UAGV %     UOS % increment OSU 

1 179 84.36 23.46 53.07 25.70 17.88 16.20 36.78 N/A 

2 336 89.88 25.00 56.55 27.38 19.05 17.26 39.19 6.55 

3 493 91.89 25.56 57.81 27.99 19.47 17.65 40.06 2.21 

4 650 92.92 25.85 58.46 28.31 19.69 17.85 40.51 1.17 

5 807 93.56 26.02 58.86 28.50 19.83 17.97 40.79 0.72 

6 964 93.98 26.14 59.13 28.63 19.92 18.05 40.98 0.53 

7 1121 94.29 26.23 59.32 28.72 19.98 18.11 41.11 0.31 

8 1278 94.52 26.29 59.47 28.79 20.03 18.15 41.21 0.25 

9 1435 94.70 26.34 59.58 28.85 20.07 18.19 41.29 0.20 

10 1592 94.85 26.38 59.67 28.89 20.10 18.22 41.35 0.16 

11 1749 94.97 26.42 59.75 28.93 20.13 18.24 41.41 0.12 

12 1906 95.07 26.44 59.81 28.96 20.15 18.26 41.46 0.09 

13 2063 95.15 26.47 59.86 28.99 20.16 18.27 41.53 0.06 

14 2220 95.23 26.49 59.91 29.01 20.18 18.29 41.57 0.03 

15 2377 95.29 26.50 59.95 29.03 20.19 18.30 41.58 0.01 

16 2534 95.34 26.52 59.98 29.04 20.21 18.31 41.59 0.00 

17 2691 95.35 26.52 60.01 29.06 20.22 18.32 41.59 0.00 

18 2848 95.35 26.52 60.01 29.06 20.22 18.32 41.59 0.00 

19 3005 95.36 26.53 60.02 29.07 20.22 18.32 41.59 0.00 

20 3162 95.36 26.53 60.02 29.07 20.22 18.32 41.59 0.00 

Table 5 Show the % utilization of work station for different batches of jobs 

V. RESULTS AND DISCUSSION 

Observing the Table 5.8 we can say that the % utilization of 

all the machines and Automatic guided vehicle increasing 

continuously. But % utilization for machine 1 goes constant 

after processing batches of 16 jobs, similarly % utilization 

for machine 2, 3, 4, 5, and AGV goes constant after 

processing batches of 15 jobs, 16 jobs, 17 jobs, 16 jobs, 16 

jobs respectively. We cannot judge the final result on the 

basis of this result, so we need to calculate the % utilization 
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of overall system and % increment in overall system 

utilization. Observing the table 5.8 we can say that the % 

utilization of overall system goes constant after processing 

of batches of 15 jobs, but % increment in overall system 

utilization goes constant after processing of batches of 15 

jobs. Thus maximum utilization occurs at 16
th

 batches of 

jobs. 

VI. CONCLUSION  

The maximum utilization of machine and system occurs, 

when we process for 16
th

 batches of job. Here we are seeing 

that the % utilization goes constant after processing the 16
th

 

batches of job. Petri net based simulation technique are very 

helpful to determine the % utilization of machine and system.   
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