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ABSTRACT
The present paper discusses the  scheduling of flexible manufacturing systems (FMSs) which is one of the most attractive
areas for researchers and practitioners. A number of approaches have been adopted to schedule FMSs, including
simulation techniques and analytical methods. Scheduling studies of FMSs which employ simulation techniques as an
analysis tool, since simulation is the most widely used tool for modelling FMSs. Scheduling methodologies are
categorised into simulation of general scheduling studies, multi-criteria scheduling approaches, and artificial
intelligence (AI) approaches in FMSs.
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1. INTRODUCTION
Manufacturing emerged in the 1990s as one of the importantkeys to organisational success, and a number of
comprehensive manufacturing strategies are receiving widespread attention asa result of a renewed emphasis
on manufacturing  methods [1].Computer integrated manufacturing, just-in-time (JIT) manufacturing,factory
automation, lean manufacturing, and flexiblemanufacturing systems (FMSs) are some of the recurringthemes.

Manufacturing Industries are facing vigorous threats by inflation in market needs, corporate lifestyle and
globalization. Hence, in current situation, Industries which are responding rapidly to market fluctuations with
more competitiveness will have great capabilities in producing products with high quality and low cost. In the
view of manufacturers, production cost is not at all a significant factor which affects them. But, some of the
factors which are important to the manufacturer are flexibility, quality, efficient delivery and customer
satisfaction. Hence, with the help of automation, robotics and other innovative concepts such as just-in-time
(JIT), Production planning and control (PPC), enterprise resource planning (ERP) etc., manufacturers are very
keen to attain these factors.”
Flexible manufacturing is a theory which permits production systems to perform under high modified
production needs. The problems such as minimum inventories and market-response time to bump into
customer needs, response to adjust as per the deviations in the market.

In order to sweep market by reducing the cost of products and services will be mandatory to various
companies to shift over to flexible manufacturing systems. FMSs as a possible way to overcome the said
issues while making reliable and good quality and cost effective yields.[2]

Flexible manufacturing system has advanced as a tool to bridge the gap between high mechanized line and
CNC Machines with efficient mid volume production of a various part mix with low setup time, low working
process, low inventory, short manufacturing lead time, high machine utilization and high quality . FMS is
especially attractive for medium and low-capacity industries such as automotive, aeronautical, steel and
electronics.”
Flexible manufacturing system incorporates the following concepts and skills in an automated production
system[3].
1. Flexible automation
2. Group technology
3. Computer numerical control machine tools
4. Automated material handling between machines”
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1.2 ELEMENTS OF FLEXIBLE MANUFACTURING SYSTEM
A flexible manufacturing system consists of two subsystems:

1. Physical subsystem: :It consists of NC machines, machine-tools, inspection equipments, loading and
unloading operation, and machining area and also acts as a buffer during WIP (working - processes) and holds
devices such as carousels which is used to store parts temporarily between work stations or operations. It
consists of power vehicles, various types of automated material handling equipment such as conveyors,
automated guided vehicles, in floor carts and robots are used to transport the work parts and sub-assemblies to
the processing or workstation.
2. Control subsystem: It consists of mini and micro computers, programmable logic controllers,
communication networks, switching devices and others peripheral devices such as printers and mass storage
memory equipments to enhance the working capability of the FMS systems. It is a set of files and programs
that are used to control the physical subsystems. The efficiency of FMS totally depends upon the
compatibility of control hardware and control software.

1.3 MATERIAL-HANDLING EQUIPMENTS
The material-handling equipments used in flexible manufacturing systems include robots, conveyers,
automated guided vehicle systems, monorails and other rail guided vehicles, and other specially designed
vehicles. There important features are:

1. They are integrated with the machine centers and the storage and retrieval systems.
2. For prismatic part material handling systems are accompanied with modular pallet fixtures. For
rotational parts industrial robots are used to load/unload the turning machine and to move parts between
stations.
3. The handling system must be capable of being controlled directly by the computer system to direct it
the various work station, load/unload stations and storage area.

1.3.1 Inspection Equipment
It includes coordinate measuring machines (CMMs) used for offline inspection and programmed to measure
dimensions, concentricity, perpendicularity, and flatness of surfaces. The distinguishing feature of this
equipment is that it is well integrated with the machining centers.

1.3.2 Other Components
It`includes a central coolant and efficient chip separation system. Their features are:

1. The system must be capable of recovering the coolant.
2. The combination of parts, fixtures, and pallets must be cleaned properly to remove dirt and chips
before operation and inspection.

1.3.3 Hardware Components of Flexible Manufacturing System
1. Pallets and fixtures
2. Machining centers
3. Robots
4. Inspection equipment
5. Chip removal system
6. In process storage facility
7. Material handling systems

2. LITRATURE REVIEW
Production management and scheduling problems in an FMS are more complicated than in job shops and
transfer lines. Several reasons can be advanced to support the above statement: Each machine is versatile and
capable of holding different tools to perform different operations. Therefore, different part types can be
manufactured at any given time. In addition to machines, material handling systems such as automated guided
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vehicles (AGVs), jigs, fixtures, and pallets must also be scheduled. In other words, the number of decision
points, where scheduling or operation rules can be varied, is greater in FMSs than in job shops.

There may be a rapid change of demand, or random entering of the new products with high priority. An
operation is capable of being performed on a number of alternative machines with possibly different process
times. Production is continuous even during unexpected events such as breakdown of machines. Because of
the large set-up times required for an alternative operation in job shops, if a breakdown occurs, production
would be interrupted, but in automated manufacturing systems such as FMSs, programmability of the
instructions for operations dramatically reduces set-up times and program the machine so that breakdown of
machine in job shop is reduce.

Berrada and Stacked (2015): Proposed an efficient branch and bound procedure for solving the loading
problem with the objective of workload balancing. Stecke's approach is explained here at length because other
mathematical modeling approaches build upon this foundational work.Kimemia and Gershwin report on an
optimization problem that optimizes the routing of the parts in a FMS with the objective of maximizing the
flow while keeping the average in-process inventory below a fixed level. The machines in the cell have
different processing times for an operation. Network of queues approach is used. The technique showed good
results in simulation. Chen and Chung (2001) evaluate loading formulations and routing policies in a
simulated environment. Their main finding was that FMS is not superior to jobshop if the routing flexibility is
not utilized.Avant’s and Van Wassenhove (1998) present a unique procedure to select the part mix and the
routing of parts in a FMS[3]. A LP model is used to select the part mix using cost differential from producing
the part outside the FMS. The selected loading is then checked by a queuing model for utilization in an
iterative fashion.

Hutchison et al. (2009) provide a mathematical formulation of the random FMS scheduling problem, where
random (not preselected) jobs arrive at the FMS[4]. Their formulation is a static one in which N jobs are to be
scheduled on M machines. The objective is to minimize the makespan. They present a mixed integer 0-1
programming formulation. They solve this problem by a branch and bound scheme. A single formulation
solves the allocation of the operations to the machines and the timed sequence of the operations. However,
their study assumes that material handling devices, pallets, buffers, and tool magazines do not constrain the
system. Further, at most one alternative is allowed for any operation. An alternative approach to this problem
is to decompose it into two subproblems. The first problem is the allocation of the jobs to the machines in the
routings. The second problem is the time bound sequencing of the jobs, the standard job shop
problem.Hutchison et al. report on a comparison of the performance of the above two methodologies and
another methodology which was based on dispatching rule (SPT). A novel feature of their simulation
experiment is their use of a measure of flexibility: probability of an alternate machine option for any
operation. They concluded that the programming formulations produced substantial improvement in
makespan over the dispatching rules. However, as compared to the decomposed problem, the unified
formulation did not produce significant improvement in makespan to justify the additional computational
effort required.

Lash Kariet al. (2015) developed a formulation of the loading problem. Their formulation considered
refixturing and limited tool availability. Besides this problem, they place an upper bound on the number of
tools that may be assigned. They consider two objectives:[5]

1) Minimization of total transportation requirements of the parts.

2) Minimization of fixturing requirements.

Mathematical models in the literature are not efficient for reasonably sized problems. Further, they make
simplifying assumptions which are not always valid in practice. The assumptions, of course, change with the
models: some models assume automatic tool transport, some others will neglect delays caused by automated
guided vehicles (AGV), still, others will assume that tool magazines, pallets and fixtures do not constrain the
models in any way, and so on. The models also take a static view of the shop floor. It is assumed that all the
planned activities will be carried out exactly, or the disruptions are infrequent enough that periodic solution of
the problems will be practical.
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3. Benefits of FMS
Flexible manufacturing system benefits are listed as follows:[8]

i. Reduction of inventories throughout the complete chain of manufacturing including work-in-progress
ii. Reduction of lead time by 40%

iii. Improved machine utilization by 30%
iv. Reduction of labour times by 30%
v. Reduction of direct and indirect labour costs

vi. Increased management control over the entire manufacturing process
vii. Substantially reduced scrap levels.

viii. The ability to adapt quickly to new work pieces.

4. SCHEDULING OF FLEXIBLE MANUFACTURING SYSTEM
4.1. Introduction to FMS Scheduling
Scheduling is a method of totalling start and finish time data to the job sequencing dictated in the sequencing
process. Sequencing process in turn, is defined as getting the order in which jobs are processed on a machine.
The sequence thus obtained determines the schedule, since authors assume each job is started on the machine
as soon as the job has finished all predecessor operations and the machine has completed all earlier jobs in the
sequences[7]. This is referred to as a semi-active schedule and acts as an optimal policy for minimizing the
completion time, flow time, lateness, tardiness, and other measures of performance. Scheduling problems are
often denoted by N/ M/ F/ P,m

WhereN   =   Number of jobs to be scheduled;

M  =    Number of machines;

F  =     Job flow pattern

P =   Performance measures that are to be appropriately minimized or maximized.

The solution of scheduling problems is generally presented in the form of Gantt-chart which is plotted
between different work centers and total processing time on that work centers.”
Flexible material-handling systems for manufacturing have the capability of moving articles or carrying
materials between processstations in different sequences. The traditional method for controlling the routing of
carriers is to determine, in advance, all of the usefulpaths within the system, and store the information in a
central computer until needed.”
Flexible manufacturing system scheduling could be considered as a static scheduling problem where a fixed
set of orders are to be scheduled either using optimization or priority scheduling heuristics. Alternatively this
could also be viewed as a dynamic scheduling problem where orders arrive periodically for scheduling as
daily orders are released from a material requirement planning system or as individual customer’s orders. For
these types of scheduling performance criteria minimizing the make span or the mean order lateness and
tardiness are usually considered.”
Under both types of scheduling problems, three different scheduling and control decisions are taken while
managing day-to-day operations.

1. When to load a part into FMS?
2. Which type of part to be loaded into FMS?
3. Dispatching of part.”
For the first decision, factors such as system congestion and part fixture availability are considered. The
second decision concerns choosing the type of part to enter the FMS at the loading station when it is time for a
new part to enter the system, considering such factors as part characteristics and machine workload
conditions. The dispatching decision is depend on routing parts through the FMS at the time of actual
production, and also sequencing parts at the individual machines in an FMS.”
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4.2 Functions of Scheduling
To design an effective production scheduling system, the following functions must be carried out in most
systematic and efficient manner.

1. Assigning different jobs to different facilities after considering the feasibility of allocation (loading).
2. Establishing a set of rules of priorities to sequence the activities on the facilities.(sequencing)
3. Dispatching job orders as per the schedule to initiate loading of jobs to facilities. Reviewing the status
of jobs i.e., monitoring the achievement and the scheduling or changing the priorities of the jobs to rectify the
deviation.

4.3 Objectives of Scheduling
The objectives of FMS scheduling.

1. Achieving high efficiency of the operations by optimally utilizing machines and equipment.
2. Maintaining low inventories in process and raw materials.
3. Maintaining short flow time of products.

The objectives often become conflicting to each other and as such the scheduling process involves a trade –
off conflicting objectives such that proper ba.4 Elements of Scheduling

Scheduling determines the timings and order of the operations to optimize the use of resources to meet
production requirements. The following are the elements of scheduling:

1. Job arrival patterns.
2. Number and variety of machines /operations.
3. Ratio of workers to machines/operations.
4. Flow pattern of jobs.
5. Priority rules for allocating work.”
4.5 Principles of Scheduling
In view of the direct equivalence between the workflow and cash flow, scheduling should be done with
utmost care .The following are the major principles of scheduling.{6]-

1. Effectiveness should be measured by speed of workflow
2. Scheduling jobs as a string with process step back
3. A job started should not be interrupted
4. Speed of flow is most efficiently achieved by focusing on bottlenecks
5. Reschedule every day
6. Obtain feedback on each job at each work center every day
7. Match the work center input information to that the worker can actually do
8. When seeking improvement in output, look for incompatibility between engineering design and process

execution
9. Always work to attain certainty of standards and routings”

6. Recent trade
Depending upon the problem environment, many new trends have been accommodated with FMS to allot
with the requirements of highly customized production, high flexibility, low production cost, and low lead
time. Some of these recent developments in the field of manufacturing sector made in order to stack up
against the competitive market scenario are given below:

1) Production planning and control (PPC). It is concerned with the logistic problems that are encountered in
manufacturing processes. It includes the details of what and how many products to produce and when to
obtain the raw materials, parts and resources to produce those products.

2) Master production schedule (MPS). It is a list of the product to be manufactured, when they should be
completed and delivered, and in what quantities. The master schedule must be based on an accurate of
demand and realistic assessment of the company’s production capacity.
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3) Material requirements planning (MRP). It is a planning technique, usually implemented by computer, that
translates the MPS of end products into a detailed scheduled for the raw materials and parts used in those end
products. MRP is often thought of as a method of inventory control.

4) E-manufacturing. In the modern manufacturing system internet has enabled the manufacturers in such a
way that the lead time of the manufacturing of the products have come down and the quality of the product
has been enhanced.

7. CONCLUSION
The flexible manufacturing system is a manufacturing concept for mid-volume, mid- variety part production.
There could be a number of FMS’s configurations possible depending upon its feature such as number of
machines, kinds of operation, and level of flexibility designed into the system. Furthermore, the degree of
automation of the machine tools, material handling systems and central computer system, depends on the
objectives of an organization. An FMS is capable of accommodating engineering and process changes that are
liable to occur during manufacturing. In this chapter, various aspects of FMS such as physical and control
components, its types, and some analytical treatments of machine loading problems, scheduling problems is
illustrated to characterize its supremacy over the other conventional manufacturing system.

Flexible Manufacturing System (FMS) is a capital-investment intensive and complex system. In the present
market scenario, the customer demand and specification of any product changes very rapidly so it is very
important for a manufacturing system to accommodate these changes as quickly as possible to be able to
compete in the market. This evolution induces often a conflict for a manufacturing system because as the
variety is increased the productivity decreases, hence FMS is a good combination between variety and
productivity.
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