Smartzworld.com

Smartworld.asia

Module-II

Shop Floor Control and FMS: Shop floor control-phases, Factory data collection
system, Automatic identification methods- Bar code technology, Automated data
collection system, FMS-components of FMS - types -FMS workstation, Material
handling and storage systems, FMS layout, Computer control systems-application and
benefits.

3. Introduction to Shop Floor Control
Monitoring the progress of the jobs is an integrated part of CIM. Collection of machine
data statistics, estimation of the non-production times and machine utilization, tracking
of flow of materials, determination of job completion times and realization of schedules,
etc., are necessary to evaluate the efficiency of the functioning of the system. This
requires automatic or direct data collection from the shop floor. The techniques and
technologies by which the status of production is collected are called shop floor data
collection. Fig. 24 illustrates various types of information/data to be collected from the
shop floor. These include:
(i) Machine data
(ii) Operator data
(iii) Tooling data
(iv) Data relating to jobs to be done
(v) Materials data
(vi) Materials handling data
(vii) Scheduling data
(viii) Process planning data
(ix) Inspection data
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Fig. 24 Components of Shop Floor Information System

Material processing is a typical example of data collection. The various process
planning methods described in Chapter 9 are used to plan the execution of the work
before the actual manufacturing commences. It is necessary to monitor the process of
the work to make sure that the work is performed as planned. This necessitates
collection of shop floor data which includes machine data, actual completion time, and
movement of the materials and the utilization of other resources. There are several
variables affecting the manufacturing productivity. These are shown in Fig. 25.
Monitoring of shop floor data helps to identify factors which adversely affect productivity

Fig. 25 Variables Affecting Manufacturing Productivity
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Shop Data Requirements
People - Availability
a: Workstations
b: Idle
c: Absent
Machines - Status
a: Idle
b: Setup
c: Production
d: Delay
e: Downtime
Parts/Raw Materials Location
a: Raw Stores
b: Transit
c: On-machine
d: Waiting
e: Finished stores
f: Assembly
g: Missing

3.1 Shop Floor Control
Shop floor control deals with managing the work-in-process. This consists of the release
of production orders to the factory, controlling the progress of the orders through the
various work stat ons, and getting the current information of the status of the orders.
This can be shown in the form of a factory information system. (Fig. 26). The input to
the shop floor control system is the collection of production plans. These can be in the
form of master schedule, manufacturing capacity planning and ERP data. The factory
production operations are the processes to be controlled.
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Fig. 26 Factory Information System

A typical shop floor control system consists of three phases. In a computer integrated
manufacturing system these phases are managed by computer software. These three
phases connected with the production management is shown in Fig. 27. In today’s
implementation of shop floor control, these are executed by a combination of computers
and human resources. The following sections describe the important activities
connected with this task.

Fig. 27 Phases in Shop Floor Control
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Order Release
The order release in shop floor control provides the documentation needed to process a
production order. The documents in the shop floor order may consists of the following
documents
(i) Route Sheet
(ii) Material requisition to draw necessary materials from the stores
(iii) Job cards or other means to report direct labour time given to the order.
(iv) Instructions to material handling personnel to transport parts between the work
centres in the factory
(v) Parts list for assembly, in the case of assembly operations.
In a typical factory which works on manual processing of data these documents move
with the production order and are used to track the progress through the shop. In a CIM
factory, more automated methods are used to track the progress of the production
orders. The order release is connected with two inputs. Authorization proceeds through
the various planning functions (MRP, capacity planning). These provide timing and
scheduling information. The engineering and manufacturing database provides the
product structure and process planning information needed to prepare the various
documents that accompany the order through the shop.

Order Scheduling
This module assigns the production orders to various work centres, machine tools,
welding stations, moulding machines etc., in the plant. It follows directly from the order
release module. Order scheduling executes the dispatch function in production planning
and control. The order scheduling module prepares a dispatch list that indicates which
production order should be accomplished at the various work centres. It provides the
information on the relative priorities of the various jobs by showing the due dates for
each job. By following the dispatch list in making work assignments and allocating
resources to different jobs the master schedule can be best achieved. The order
schedule module addresses to two important activities in shop floor production control.
(i) Machine loading
(ii) Job sequencing.
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Allocating the orders to the work centres is termed as machine loading or shop loading,
which refers to the loading of all machines in the plant. In most cases each work centre
will have a queue of orders waiting to be processed. This queue problem can be solved
by job sequencing. This involves determining the order in which the jobs will be
processed through a given work centre. To determine this sequence, priorities are given
to jobs in the queue and the jobs are processed according to the priorities. Several
queuing models are available in operations management to solve this problem. This
control of priorities is an important input to the order scheduling module. Rules to
establish the priorities are:
(i) Earliest due date: These are given high priority
(ii) Shortest processing time: Shorter processing time orders are given high priority.
(iii) Least slack time: Orders with least slack time are given high priority.
Fluctuations in market demand, equipment breakdown, cancellation of the order by
customer and defective raw material or delay in the receipt of materials affect the
priority. The priority control plan reviews the relative priorities of the orders and adjusts
the dispatch list accordingly.

Order Progress
The order progress module in the shop floor control system monitors the status of the
various orders in the plant work-in-process and other characteristics that indicate the
progress and performance of production. The function of the order progress module is
to provide the information that is useful in managing the factory based on the data
collected from the factory. The order progress report includes:
(i) Work order status reports: These reports indicate the status of the production orders.
Typical information in the report includes the current work centre where each order is
located, processing hours remaining before completion of each order, whether the job is
on-time or behind schedule, and priority level.
(ii) Progress report: A progress report records the performance of the shop during the
period of master schedule and reports the number of operations completed and not
completed during the time period.
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(iii) Exception reports: These reports bring out the deviations from the production
schedule (ex. overdue jobs).
The above reports are useful to production management in making the decisions about
allocation of resources, authorization of the overtime hours, and other capacity issues,
and in identifying areas of problems in the plant that adversely affect the implementation
of the master production schedule.

3.2 Shop Floor Data Collection
There are several of data collection techniques to gather data from the shop floor. Some
of the data are keyed by the employees and the rest are recorded automatically. Later
the data is compiled on a fully automated system that requires no human intervention.
These methods are collectively called as shop floor data collection systems.
These data collection systems consist of various paper documents, terminals and
automated devices located through the plant in a plant. The shop floor data collection
system serves as an input to the order progress module in shop floor (Fig.20.4).
Examples of the data collection in shop floor are:
(i) To supply data to the order progress module in the shop floor control system.
(ii) To provide up to date information to the production supervisors and production
control personnel.
(iii) To enable the management to monitor implementation of master schedule.
To carry out this, the factory data collection system inputs the data to the computer
system in the plant.

Types of Data Collection Systems
The shop floor data collection systems can be classified into two groups.
(i) On-line data collection systems
(ii) Off-line data collection systems

On-Line Data Collection Systems
In an on-line system, the data are directly entered to the computer and are available to
the order progress module. The advantage lies in the fact that the data file representing
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the status of the shop is always at the current state. As and when the changes in the
order progress module are reported they can be fed to computer and in turn to the
status file. In this way the production personnel are provided with most up-to-data
information.

Off-Line (Batch) Data Collection Systems
In this the data are collected temporarily in a storage device or a stand-alone computer
system to be entered and processed by plant computer in a batch mode. In this mode
there is delay in the entry and processing of the data. The delay may vary depending
upon the situation. So this system cannot provide real time information of shop floor
status. The advantage of this system is that it is easier to install and implement.

Data Input Techniques
As stated earlier, the data collection techniques include manual procedures and
computer terminals located on the shop floor. The manual data collection methods
require the production workers to fill out paper forms indicating order progress data.
These forms are compiled using a combination of clerical and computerized methods.
The manual data collection methods rely on the co-operation and clerical accuracy of
the employees to record a data property on a proper document. Errors may creep in this
type of method. The common forms of errors that can be checked and rectified are
wrong dates, incorrect order numbers and incorrect operation numbers. These can be
detected and corrected. There are, however, other errors which are difficult to identify.
Another problem is that there may be a delay in submitting the order progress for
compiling. The reason is that there will be always a time lapse between when
occurrence of events and recording of events.
These problems necessitate the location of the data collection equipment in the factory
itself. The various input techniques include manual input by push-button pads or
keyboards. Error checking routines can be incorporated to detect the syntax errors in
the input. The data entry methods also include more automated technologies, such as
bar code reader, magnetic card readers etc.
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An important type of equipment used in shop floor data entry is keyboard based
systems. There are various types of such systems. They are discussed in the following
sections.

Centralized Terminal
A single terminal is located centrally in the shop floor. This requires the employees to go
to the terminal and input the data. So employee’s time will be wasted and in a big shop,
this becomes inconvenient.

Satellite Terminals
These are multiple data collection centres located throughout the shop floor. In this
arrangement a balance is to be struck between the minimization of the investment cost
and maximization of the convenience of the employees in the plant.

Work Centre Terminals
The most convenient arrangements to the employees are to have a data collection
terminal at each work centre. This reduces the time to go to the central terminal. This
can be applied when the amount of data to be collected is very large.

Automatic Data Collection System
The recent trend in industry towards use of more automation necessitates putting in
human participation is unavoidable in many cases. The advantages of the automatic
data collection methods are:
(i) The accuracy of data collected increases
(ii) The time required by the workers to make the data entry can be reduced.
The basic elements in data collection systems are:
(i) Machine readable media
(ii) Terminal configuration
(iii) Software for data collection.
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Machine Readable Media
Typical machine readable media include:
(i) Bar Code Technology
(ii) Optical Character Recognition (OCR)
(iii) Magnetic Ink Character
(iv) Voice Recognition (VR)
(v) Magnetic Strip Technology
(vi) Smart Cards

Bar Code Technology
Bar code technology is primarily an automatic identification technique. The data is
simply reduced to a printed form, which consists of a symbol made of successive line
segments. A bar code reader is used to illuminate the bar code symbol and examine
successive segments of the symbol. The detected area may be a highly reflected area
(space) or a non-reflective (bar). As the reader moves reader over the bar code symbol,
due to reflectivity and nonreflectivity, alternate transitions from light to dark and dark to
light occur. These are detected and the time it will take will be converted to digital
representations of ones and zeros of the bar code messages. Most commonly used bar
codes are:
(i) Universal Product Code (UPC)
(ii) Interleaved 2 of 5 (ITF)
(iii) Code 39
There are two types of bar code readers. They are classified as:
(i) Fixed Beam Reader
(ii) Moving Beam Reader

Fixed Beam Reader
Bar code readers are either fixture mounted or hand held. The simplest form of bar code
reader is a light pen. The tip of the light pen is moved in contact with the symbol and
moves the tip from leading zone through trailing zone in a smooth sweeping motion.
The fixed beam light pen nearly or actually touches the symbol. In fixture mounted
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reader the beam reader is fixed and the symbol moves. The reader is mounted on a
conveyor or a transport system, observing a symbol while it passes through a reader
beam. The fixed beam reader reads the symbol only once. In hand-held fixed beam
reader the symbol can be rescanned easily. In the fixture mounted bar code reader
some mechanism which moves the symbol towards the symbol is necessary i.e., an
intervention by operator is needed.
In fixed beam reader the contact with the symbol may erase the symbol and so it is less
readable in subsequent attempts to read the symbol. Contact scanning of the symbol
requires a smooth surface. So it is not suitable to read all the surfaces on which the
symbols are printed. Light pens interpret a narrow section of the symbol printed on a
surface. This may cause the distortion of the image. Fixed beam reader takes more time
to read the symbol. Speed of fixed beam readers is a function of conveyor speed and
height of the bar code symbol. Faster scanners are required for shorter symbols and
slower scanners are required for larger symbols.

Moving Beam Reader
These minimize limitations of the fixed beam reader i.e., intervention problem and
contact with the symbol. Moving beam reader, as the name indicates, scans the symbol
by a line of light emitted from the reader. This is actually a spot which moves at faster
rates appearing as a straight line. A moving beam reader takes less time to scan the
symbol depending on the type of equipment. The light emitted from the moving beam
reader can be drawn through the symbol in both the configurations i.e., hand held and
conveyor configurations. Multiple viewing of the symbol provides quick and correct
information to convert the image to computer data.

Elements of Bar Code Readers
The hardware of a bar code reader consists of a detector and a light source.
(i) All fixed, moving beam readers will have a single detector which samples very small
areas of the symbol. The detector used is linear charge coupled device. These employ
a line of detectors which takes a snap shot of the symbol and projects the image on
photo sensitive device. Then the detector is amplified to know whether it has observed a
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space or a bar. This is applied for a bar code of maximum length of 5 cm or less. This
cannot be used for larger bar codes. A matrix charge coupled device has a matrix of
detectors (64 pixels long and 64 pixels high). These can be used either hand held or
moving configurations or eliminates the problems associated with the voids, spots and
edge roughness of the code. These can be used to detect long narrow bars as well as
wide bars.
(ii) The light source employed in a bar code reader to illuminate the symbol may be a
red light or infrared light.
Red light is obtained from Helium-Neon lamp transmitting at 633 nanometres. The
problem associated with this is that red and white colors appear to be same for the
detector. Infrared light source operates at 900 nm and is invisible to the human eye but
can be detected by the photo detector. Limitations of this type are the ink used to print
bar code should have high carbon content. A light source which operates at 800 nm or
nearly infra red range will be able to read dye and colour based inks having high carbon
content. The cost of bar code system depends on the manufacturing facility. If the same
manufacturing organization is printing and reading the symbol, the cost may be less.

Optical Character Recognition
The optical character recognition (OCR) employs special fonts which can be read by
man and machine. This is more reliable than key entry but less reliable compared to bar
code technology. OCR fonts or characters are ‘read’ by software template techniques or
feature extraction or combination of both. So each character is to be unique compared
to other characters in the set.
When a number of pages of data are to be input to a computer system, optical page
readers are very useful. Optical page readers are similar to the office copiers. In OCR,
entire page is to be scanned before next page is presented to the reader. The
characters in a page are identified by the reader by the specific font styles and sizes. In
OCR, the reading device is to be passed over the OCR character a number of times.
Here, the reader must be precisely positioned over the string which is to be read. The
poses a problem when long strings of information are to be read. OCR is very sensitive
to the motion of the operator’s hand during reading. OCR cannot read the symbols on
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the moving objects. To read the information on the moving objects a strobe light is to be
synchronized with object.
OCR techniques identify the horizontal and vertical strokes, curves and endings peculiar
to each character. The absence of vertical redundancy and repeating character pattern
causes OCR to be prone to errors. These are caused by poor print quality and those
introduced through scanning process.

Magnetic Ink Character Recognition
Magnetic Ink Character Recognition (MICR) uses stylized OCR fonts. The fonts are
printed with a magnetic ink to permit readability after being overprinted or even
smudged. MICR is used to read smaller documents of size 7 to 20 cm. Like OCR, these
also require precise orientation and registration.

Voice Recognition
Speech is the most natural way of communication. This eliminates the need of the user
to understand a computer system. Voice technology is intelligently packaged and
applied in several applications. Moreover the training can be minimized and the key
board entry can be eliminated and hand and eye co-ordination is no longer needed.
Voice recognition (VR) is of two types:
(i) Speaker dependent
(ii) Speaker independent
Most voice recognition systems are speaker independent systems. VR systems
recognize the user’s vocabulary and store a computer image of each utterance and
compare later the input words to the computer stored words. If the input matches the
stored pattern, recognition is achieved. This provides larger vocabulary and accurate
recognition. Commercial VR systems are having around a few hundred words in active
vocabulary and skilful programming can develop application dependent vocabularies.
Real application of VR systems rests on the fact that user need not be trained to use the
system. Speaker independent system uses recognition template from memories of the
previously recorded images. The templates represent speech patterns of both male and
female speakers. These are now available with limited vocabularies.
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Smart Cards
Smart cards are made of plastic. They are of the size of a credit card and are
embedded with one or more microchips. These have an 8-bit or higher level
microprocessors and will have a storage capacity of about 8 kB. Recent cards can carry
up to 256 kB with the contacts removed and integrated with keypads. Personal
identification numbers (PIN) prevent unauthorized use of smart cards.

Data Acquisition Systems (DAS)
The trend in shop floor data collection is towards the more use of the automated
systems. Some of the bar code reading methods and other automatic identification
methods discussed earlier can be operated in a fully automated mode. Computer
process monitoring system involves a computer which is directly connected with the
manufacturing process for the purpose of collecting the data on the process and the
equipment.
The hardware components of the computer process monitoring system used to input the
data from the process are sensors and transducers, analog-to-digital converters, limit
switches and photo detectors, pulse generators etc. A data acquisition system is a
computer system used to collect the data from a process or piece of equipment. These
perform an analysis of data or transmit the data to another computer for processing and
analysis. A microprocessor is used as the controller/processor in a DAS. Other
controllers use minicomputers or single board computers. The function of the
controller/processor is to synchronize the data sampling and storage and tabulate data
for presentation and statistical and other analysis. Components of DAS include analog
transducers, Analog-to-digital converters, digital transducers, and digital input
interfaces. Separate data acquisition modules are often attached with FMS elements to
enable operation to send status information to the control computer.
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4. Introduction to FMS
Intense competition in the global market for mechanical parts manufactured on machine
tools and other metal working equipment has compelled manufacturers to reduce
delivery times and quote competitive prices even for relatively small orders. In many
situations, manufacturers have to deliver customized products to the consumers. The
batch size is ever-decreasing, and the need to meet specific customer needs calls for
considerable flexibility in the working of the manufacturing system. In this situation, the
requirements that a modern manufacturing facility has to meet can be detailed as
follows:
• High productivity for all batch sizes, large or small
• Shorter throughput times
• Lower storage costs
• Reduced labour if not altogether avoiding labour
• Reduced handling
• Flexible production system to incorporate product changes at short notice to meet
customer’s specific requirements
• Sensing and taking care of such eventualities like tool breakage.
Conventional high volume production facilities such as automatic equipment and
transfer lines do not fulfill these requirements. This provided sufficient reason for
manufacturing engineers to turn attention to alternative approaches to manufacturing.
Flexible manufacturing cells and flexible manufacturing systems have been evolved to
meet the requirements listed above.
The functions of many manufacturing equipment have already been automated through
the use of CNC and PLC. The next stage is to automate the wider manufacturing
environment comprising the following activities:
• Management of resources
• Storage, preparation and transport of raw workpieces and finished components
• Acquisition, processing and evaluation of production data
• Inspection of workpieces and continuously monitoring the performance of production
equipment
• Testing of products
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• Developing software to control all the above operations.
In such a process of integrated automation it is necessary to combine a number of
machines, both mechanically and in terms of data processing into a closely linked
manufacturing unit. In this way, highly automated manufacturing units (cells) are created
which are capable of handling a number of different workpieces without interruptions
due to operations like setting up workpieces, tool change, inspection etc.
Monitoring and process correction facilities through appropriate sensors are also part of
the system so that operator intervention is kept to a bare minimum. Manufacturing cells
normally contain 1 to 4 production machines. In addition to various “service machines”
such as measuring machines and washing machines) and transport systems like
automated guided vehicles, rail guided vehicles and conveyors for the workpieces and
for the tools. The cell computer simultaneously controls the manufacturing operations
within the manufacturing cell.

4.1 Subsystems of FMS
There are three major subsystems in FMS:
(i) Computer-controlled manufacturing equipment (e.g. numerically controlled machine
tools, robots, gantry loaders, palletizing systems, washing stations, tool pre-setters, inprocess inspection systems etc.)
(ii) Automated materials storage, retrieval, transport and transfer system
(iii) Manufacturing control system (including both machine tool, tool and logistics control)
Some FMS’s have additional subsystems. For example, in a machining application
there may also be systems for presetting tools, storing and retrieving tools, disposing of
chips and cutting fluids, washing and inspection workpieces. These subsystems must
be linked together to achieve integrated manufacturing operation.

4.2 Scope of FMS
Although this was initially developed for machining applications, the concept of FMS has
subsequently been used in a variety of other manufacturing applications, such as:
• Assembly of equipments
• Semiconductor component manufacturing
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• Plastic injection moulding
• Sheet metal fabrication
• Welding
• Textile machinery manufacture
Such systems have proved to be practical and economical for applications with the
following characteristics:
• Families of parts with similar geometric features that require similar types of equipment
and processes
• A moderate number of tools and process steps
• Low to medium quantities of parts
• Moderate precision requirements

4.3 FMS Compared to other types of Manufacturing Approaches
One-off and low volumes of production are normally carried out by conventional general
purpose machine tools. When the number of parts in a production run is more it is called
batch production. A batch production shop is best suited for small quantities of many
different types of parts. The very nature of production makes the operation of a job shop
less efficient than an automated production line.
Since the job shop must be provided the greatest degree of flexibility, most of its
operations are manual. They are normally equipped with general purpose CNC machine
tools. Hard automation with dedicated equipment is best suited for the production of
very large quantities of identical parts. Production of automobile components in a
transfer line falls under this category. A large portion of the manufacturing industry
involves the intermediate level of batch operations that lend themselves to the FMS
approach. In this case volume is less but varieties are more.
FMS thus basically attempts to efficiently automate batch manufacturing operations.
They are an alternative that fits in between the manual job shop and hard automation.
FMS is best suited for applications that involve an intermediate level of flexibility and low
or medium quantities. Fig. 28 shows the different types of production systems and it can
be seen from the figure that FMS fits into the intermediate range of production.
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Fig. 28 Types of Production Systems

General purpose machines can accommodate a large variety of parts. They are
manually operated and therefore production volumes are low. CNC machines can
accommodate variety but the production volume is less as the machines are not
optimized for the highest productivity for a specified type of job. It can be seen that FMC
and FMS satisfy both variety and volume equally well. If we take special purpose
machines, variety is much restricted. Transfer lines are dedicated usually to
manufacture a component and hence can be said to have the minimum variety.

4.4 Types of FMS
FMS has been classified in several ways. Some of these classifications are still valid but
the discussion in this book is restricted to three basic types:

Flexible Manufacturing Cells (FMC)
The simplest, hence most flexible type of FMS is a flexible manufacturing cell. It
consists of one or more CNC machine tools, general purpose or of special design
interfaced with automated material handling and tool changers. FMC’s are capable of
automatically machining a wide range of different workpieces. They are usually
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employed in one off and small batch production as independent machining centres, but
are frequently the starting point for FMS.
A turning centre fitted with a gantry loading and unloading system and pallets for storing
work pieces and finished parts is a typical flexible turning cell. If the turning centre is
incorporated with either in-process or post process metrology equipment like Renishaw
probes or inductive measuring equipment for automatic offset correction, the
productivity of the system improves and wastage due to rejection is reduced. Automatic
tool changers, tool magazines, block tooling, automatic tool offset measurement, and
automatic chuck change and chuck jaw change etc. help to make the cell to be more
productive.
One or two horizontal machining centres with modular fixturing, multiple pallets,
advanced tool management system, automatic tool changer, automatic head changer or
automatic magazine changer, robots or other material handling systems to facilitate
access of the jobs to the machine also constitute a flexible machining cell.
An FMC can also comprise a turning centre, machining centre and pick and place
robots or other materials handling systems. Fig. 29 shows the block diagram of a
flexible manufacturing cell. This consists of a CNC lathe, a machining centre, a small
automatic storage and retrieval system, two robots for loading and unloading the
machines and a small rail guided vehicle to carry the component from one machine tool
to another. The system is controlled by a PLC and a couple of personal computer.

Fig. 29 Flexible Manufacturing Cell
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Flexible Turning Cells
One of the most important advantages of CNC machines is their flexibility. The flexibility
in this particular context means that these work centres enable the production of
components in short batches. The production can be planned to meet immediate
requirements because the change over time is short. In order to enable the production
set up to change over from one component to another component in the shortest
possible time, several technological features have to be added to the turning machines.
This section describes some of these important features.
There are several ways to cut down idle time and component change over time and
improve the productivity and flexibility of CNC turning centres. Flexible turning cells
generally employ turning centres instead of CNC lathes. The availability of C-axis and
the live tools in the turret enable the process designer to complete not only turning but
also operations like milling, off-centre drilling, tapping, and helical groove cutting etc in
one set up. This means that all operations required to completely machine a component
can be carried out in one set up itself.
The relatively high cost of CNC machines means that the machine hour rate is several
times that of conventional machines. This necessitates not only increasing the utilization
by cutting down idle time but also working on all the three shifts of the day as well as
during holidays. This calls for a high degree of automation. By using automatic part
changer, automatic tool changer and adopting process automation through sensing and
feedback devices like tool breakage sensors, automatic tool length offset compensation,
in-process or post-process gauging and program correction, automatic chuck changing
and chuck jaw changing, it will be possible to achieve fully automatic unmanned
machining.

Flexible Transfer Lines (FTL)
Flexible transfer lines are intended for high volume production. A part in a high volume
production may have to undergo large number of operations. Each operation is
assigned to and performed on only one machine. This results in a fixed route for each
part through the system. The material handling system is usually a pallet or carousel or
conveyor. In addition to general purpose machines, it can consist of SPM’s, robots and
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some dedicated equipment. Scheduling to balance the machine loads is easier. Unlike
conventional transfer lines, a number of different workpieces can be manufactured on
the FTL. The resetting procedure is largely automatic.

Flexible Machining Systems
Flexible Machining Systems consists of several flexible automated machine tools of the
universal or special type which are flexibly interlinked by an automatic workpiece flow
system so that different workpieces can be machined with the same machine
configuration. The characteristic feature is the external interlinkage of the machines,
unrestricted by cycle time considerations. Different machining times at the individual
stations are compensated for by central or decentralized workpiece buffer stores.
Flexibility is applied to machines because of CNC control and flow of products from one
machine to another which is possible through flexible transport system. Flexibility is
characterized by the system’s ability to adapt to changes in the volumes in the product
mix and of the machining processes and sequences. This means that a FMS will be
able to respond quickly to changing market and customer demands.

4.5 Benefits of FMS
FMS’s are designed to provide a number of advantages over alternative approaches
(Fig. 30). These are listed below:

Fig. 30 Benefits of FMS
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Reduced cycle times
• Lower work-in-process (WIP) inventory
• Low direct labour costs
• Ability to change over to different parts quickly
• Improved quality of product (due to consistency)
• Higher utilization of equipment and resources (Utilization better than standalone
CNC machines)
• Quicker response to market changes
• Reduced space requirements
• Ability to optimize loading and throughput of machines
• Expandability for additional processes or added capacity
• Reduced number of tools and machines required
• Motivation for designers to add variations and features to meet customer
requirements.
• Compatible with CIM
Some of these advantages can lead to significant cost savings. Direct labour can be
eliminated almost entirely. Cycle time and WIP can be reduced to a fraction of what is
normally experienced in a manual operation. An FMS is designed to have the
production machines working most of the time rather than standing idle.

This can be explained with the help of Fig. 31. On any manually controlled work centre,
the total time available for production per year is 8760 hours. Out of which the company
loses 14.3 % of the time on account of Sunday being a weekly holiday. Paid holidays
result in production loss of roughly 1.5%. An employee may also be eligible for paid
leave (casual leave, earned leave etc.) and this may reduce the available working hours
by 8%. The efficiency of production in the third shift is usually less and the production
loss due to it is about 14% (assuming only 50% of the normal efficiency in the third
shift). In India, a major cause for loss of production is employee absenteeism due to
medical or other reasons. A factory employee is eligible to avail unto 90 days leave a
year, enjoying the benefits from Employee’s State Insurance. The average absenteeism
in many industries varies. If we assume that the loss of production due to absenteeism
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is approximately 7%, the net available production time is only 55%. Assuming an
efficiency of production of 80%, the work centre time utilized comes down to 44%.

Fig. 31 Loss of Production Time

In the case of conventional manually operated metal cutting machines, the actual time
utilized for removal of material is about 30-35% of the working time. The rest of the time
is spent on non-productive operations like setting up of work and tools, inspection or
procuring tools etc.

In the case of efficient operation of CNC machines this percentage increased to 80 to
85%. In FMS, one can achieve as high as 90-95% efficiency. Another important feature
of FMS is that an FMS can produce parts even if the employee is absent or even if it is
a holiday. The significance of FMS must be apparent from this fact. An automated
material handling system and a computer-based production scheduling system are
needed to keep the machines fed with parts. FMS uses computer automation
techniques to lower the overall cost of production operations.
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4.6 Major Elements of FMS
Each of the major subsystems in an FMS performs a number of functions and is
dependent on the others to make the entire system work. The functions will vary,
depending upon the type of equipment and manufacturing operations involved.

Production Equipment
The production equipment used in FMS depends upon the product manufactured.
(i) FMS for sheet metal work: The work centres used in sheet metal FMS include turret
punch presses, laser machining centres, press brakes, guillotines etc. A typical FMC
consists of sheet stacking system, sheet unloading device, sorting conveyor, turret
punch press, right angle shear, loading device and automatic storage.
(ii) FMS for machining: This type of FMS typically has a number of machining centres
and/or turning centres to provide general purpose machining capabilities. Machining
centers offer the greatest flexibility, since they can perform many different machining
operations. (e.g. milling, drilling, and boring). This is made possible by a toolchanging
system that is either built into or supports the machining centre. A part can therefore
undergo multiple machining processes at a single workstation. Special purpose
machines may also be included in the FMS to perform operations which are unique or
require more efficiency (e.g. turning, grinding). Washing machines and inspection
machines also form the equipment of FMS. The family of parts which the FMS is
designed to produce will determine the capabilities required from the machine tools (e.g.
accuracy, size, power etc).

Support Systems
Automated machine tools typically require several systems to support their operation.
The tools required to perform the multiple processes of a machining centre or a turning
centre may be stored in magazines at each machine or in central tool storage. Local
magazines provide fast access as well as backup capability but in a large FMS a central
tool facility may be more efficient. Centralization not only permits the total number of
tools to be minimized; it also provides the opportunity to perform additional functions
automatically, such as:
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(i) Measurement of tool wear
(ii) Tool pre-setting
(iii) Tool regrinding, repair and maintenance
(iv) Replacement of broken or worn tools

Many automated machine tools have built-in systems to monitor tool wear and detect
tool breakage. They may use probes or non-contact techniques such as acoustic
emission for this purpose. When a tool needs replacement, the machine can signal the
tool room for the delivery of a replacement. This may be performed by an AGV or gantry
set up or RGV. Elaborate tool management support is an integral part of FMS software.
With this software, operating personnel can have effective centralized control of a large
tool inventory. Automated machining operations also need to have the chips cleaned off
the workstation and the workpiece. This may be performed by robots or special washing
stations. Cleaning may involve turning the workpiece over, vacuuming and washing.

Materials Handling System
• A FMS typically needs several materials handling systems to service the machines.
• A transport system to move workpieces into and out of the FMS (e.g. overhead
conveyors, gantry systems, AGV’s, RGV’s)
• A buffer storage system for queues of workpieces at the machines (e.g., pallets)
• A transfer system to load and unload the machines (e.g. robots, transfer fixtures)
For these systems to work effectively, they must be synchronized with the machine
operations. The location and movement of workpieces must be tracked automatically.
This is done by using sensors on the materials handling system and workstations.
They may be either contact devices (e.g. switches) or non-contact devices (e.g. optical,
tags or proximity devices).

Automatic Guided Vehicles (AGV)
AGV is one of the widely used types of material handling device in an FMS. These are
battery-powered vehicles that can move and transfer materials by following prescribed
paths around the shop floor. They are neither physically tied to the production line nor
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driven by an operator like forklift. Such vehicles have on-board controllers that can be
programmed for complicated and varying routes as well as load and unload operations.
The computer for the materials handling system or the central computer provides overall
control functions, such as dispatching, routing and traffic control and collision
avoidance. AGV’s usually complementing an automated production line consisting of
conveyor or transfer systems by providing the flexibility of complex and programmable
movement around the manufacturing shop.
Advantages of using AGV systems in FMS
(i) Flexibility: The route of the AGV’s can be easily altered, expanded and modified,
simply by changing the guide path of the vehicles. This is more cost effective than
modifying fixed conveyor lines or rail guided vehicles. It provides direct access materials
handling system for loading and unloading FMS cells and accessing the automated
storage and retrieval system.
(ii) Real time monitoring and control: Because of computer control, AGV’s can be
monitored in real time. If the FMS control system decides to change the schedule, the
vehicles can be re-routed and urgent requests can be served. AGV’s are usually
controlled through wires implanted on the factory floor. The control is effected using a
variable frequency approach. Radio control, an alternative to in-floor mounted
communication lines, permits two way communications between the on-board computer
and a remote computer, independent of where the vehicle is i.e. whether it is in the
parking place or whether it is in motion. To issue a command to a vehicle, the central
computer sends a bit stream via its transmitter using frequency shift keying methods to
address a specific vehicle. The signal transmitted from the base station is, therefore,
read by the appropriate vehicle only. The vehicle is also capable of sending signals
back to the remote controller, to report the status of the vehicle, vehicle malfunction,
battery status, and so on.
(iii) Safety: AGV’s can travel at a slow speed but typically operate in the range 10 to 70
m/min. They have on-board microprocessor control to communicate with local zone
controllers which direct the traffic and prevent collisions between vehicles as well as the
vehicle and other objects. A bumper is attached to some designs of AGV’s to prevent
collision. AGV’s may also incorporate warning lights, fire safety interlocks and controls
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for safety in shops. During design, the use of simulation can help detect whether there
are enough vehicles to perform the necessary load, unload and transportation tasks and
thus optimize the utilization of the AGV system. Because these vehicles have to work in
a tandem with highly organized FMS cells as well as with automated warehouses under
computer control, their level of performance will affect the entire efficiency of the FMS.

Automated Storage and Retrieval Systems
A key part of any materials handling system is storage. Major advances have been
made in recent years to automate the storage and retrieval of product and materials by
employing sophisticated materials handling machines, high-density storage techniques
and computer control. Such systems come in a variety of forms and sizes depending on
the materials handling and storage job that has to be done. They often take the form of
automated warehouses which use automatic storage and retrieval systems, conveyors
and computers to control the materials handling machines and to track and control the
inventory. The characteristics of such warehouses include:
(i) High density storage (in some cases, large, high-rise rack structures)
(ii) Automated handling systems (such as elevators, storage and retrieval carousels and
conveyors).
(iii) Materials tracking systems (using optical or magnetic sensors)
In such a storage system, the computer can keep track of a large number of different
parts, products and materials and can assign bin locations to optimize the use of
storage space. When such a system is tied into the production control system, parts and
materials can be replenished as they are consumed on the factory floor, keeping the
work in process (WIP) to a minimum.

Categories of AS/RS
The automatic storage and retrieval system can be classified into several types. Some
of them are:
• Unit load AS/RS
• Mini load AS/RS
• Man-on-board AS/RS
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• Automated item retrieval system
• Deep lane AS/RS

Basic Components of AS/RS
An AS/RS normally consists of:
• Storage structure
• Storage and retrieval machine
• Storage modules
• Pick-up and deposit stations
Special Features of AS/RS
Some of the special features of AS/RS are:
• Aisle transfer cars
• Full/empty bin detectors
• Sizing stations
• Load identification stations

Buffer Storing of Parts
In an FMS, parts move from one work cell to another where the various processing
tasks are performed. Because of the almost random production facilities of FMS, the
destination cell might not always ready to accept the incoming part and the part has to
wait in a buffer store. These and other bottlenecks in the materials handling problems
can be successfully detected by simulation. Buffer stores for parts will always be
desirable. Figure 19.8 shows a typical FMC cell layout where buffer stores are used as
an integral part of the cell as well as the overall materials handling system.

Fig. 32 Typical FMC Layout
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In the case of turning centres, the machining time may be of the order of a few minutes.
A gantry robot is used for loading and unloading the component. It is better to present
the raw workpieces in a pallet to the gantry. Finished workpieces can be deposited in
another pallet. The empty raw material pallet and the filled finished part pallet will be
transported by the AGV. Buffer store is also recommended for sheet metal items.
Machining centres with multiple pallets (2, 4, 8 or more) incorporate adequate buffer
capacity to last several hours.

Chip Removal and Washing Stations
Workpiece cleaning is important, especially before the part goes to the inspection
station or assembly station, because un-removed swarf can cause problems during the
inspection cycles or assembly. The swarf removal is done at the washing station of the
FMS. The pallet with fixture part is loaded on to the washing station, where it is located
as if it was a table of any other machining station. It is tilted, by a hydraulic mechanism,
while being rinsed under high pressure coolant or pressurized air supply. Then, while
reverting to its load/unload position, the pallet is blown clean with compressed air. Once
the part is clean, it can be taken away by a robot or AGV together with its pallet.

Computer Control System
The computer control system of an FMS integrates several sub-systems including:
CNC systems
Support system controllers
Materials handling system controller
Monitoring and sensing devices
Data communication system
Data collection system
Programmable logic controllers
Supervisory computer
This control system must also integrate other computer systems if existing in the
factory. The FMS system must also communicate with the following systems:
• The CAD/CAM system which generates the CNC programs for the machine tools
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• The shop floor control systems which schedules loading and routing of the work
• The management information system (MIS) system which provides management with
reports on the performance of the system
The various controllers and computers can be arranged in the form of a LAN for this
purpose. The type of the supervisory computer depends upon the size of FMS. A
powerful server will be adequate as a control computer.

4.7 Optimization of FMS
An FMS requires considerable investment. Thorough planning and analysis should
precede the purchase of a FMS as the FMS should be designed to provide efficient
operation. Following are some approaches which should be considered in order to
optimize the overall efficiency and effectiveness of FMS:
i. Minimizing the process cycle time: The process must be designed to minimize
machining and handling.
ii. Maximizing the utilization of each machine: This can be done by balancing the work
load in the system and real time scheduling.
iii. Use of automated storage systems to keep work ready for machines to process:
The raw work parts must be replenished as and when needed to avoid starving the work
centres.
iv. Provision of adequate sensors for the detection of errors or problems: This includes
the detection of the presence and absence of parts, jamming, tool wear, machine
failures, and so on. This can be done with the use of vision systems, limit switches,
proximity switches etc. In some cases special sensors like tool monitoring systems are
used.
v. Backup capabilities: Redundancy is important in ensuring trouble-free operation of
the FMS. The system should be able to run even when failures occur (e.g., use spare
tools, provision to isolate defective machines, supply of alternative materials and
transport paths, additional machine capacity).
vi. Incorporation of in-process or post-process measurement and inspection techniques:
These assure product quality and reduce scrap and rework.

94
jntuworldupdates.org

Specworld.in

Smartzworld.com

Smartworld.asia

vii. Use of identification marking techniques: Bar codes and RFID tags are now popular
for identifying products as well as components. This permits automatic tracking of
workpieces and tools.
A great deal of effort is required to implement FMS. They are complex systems that
require careful planning and thorough design. Some of the major tasks in selecting a
FMS are:
• Selecting a family of parts that is both similar in design as well as in application. Group
technology concepts can be used for this purpose.
• Specifications of the capabilities and performance requirements of the subsystem and
total system.
• Bench marking the performance of the alternative proposals.
• Economic justification of the system.
• Determining the size of the system.
• System simulation for optimization.
• Selection of the equipment for the FMS.
• Design of the control systems.
• Selection and training of the personnel to run the system.

4.8 Operational Elements of a typical Flexible Manufacturing Cell
Figure 33 shows a flexible manufacturing cell. The various functional elements of the
FMC are discussed below:

Fig. 33 Flexible Manufacturing Cell
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The FMC Software
The software system for the flexible manufacturing cell is designed on the basis of the
functions the FMC expected to perform. The basic system offers standard interfaces to
various software functions. It also handles communication between the individual
software modules and between the software modules and any peripherals (printers,
other computers).
The CNC controls associated with the cell are accessed via appropriate programs.
The basic system also supports or performs the following functions:
• System generation and parameterization
• System initialization
• Collection and display of error messages
• Log functions

Types of Data Associated with the Flexible Manufacturing Cell
A typical FMC system handles four different types of data: Master data, control data,
status data and general management data. These data are generated from CAD, CAP
and CAM functions (Fig. 34).

Fig. 34 Generation of FMS data
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These are discussed below:
(i) Master data: Master data have to be set up only once when the flexible
manufacturing cell is put into operation and this comprise:
System-specific data (related to the architecture of the system) and Resource master
data which include:
(a) Tool master data
(b) Workpiece carrier master data (data relating to the workpiece carriers and clamping
fixtures)
(ii) Control data: Control data are product-specific data.
(a) CNC programs, tool layouts and work schedules (technical control data)
(b) manufacturing orders (organizational control data)
(iii) Status data: Status data describes the current situation with regard to resources:
(a) Plant status data
(b) Resources data
(c) Work piece carrier data
(d) Tool data
(e) Work piece data
(iv) Log data: All operational data and machine data required for later analysis and
diagnostics are recorded, evaluated by the software function modules and filled with
details of data and time of day. Such data include the following:
(a) Machine specific messages
(e.g. from CNC, PLC, handling devices, transport system)
• Status and operational messages
(e.g. NC start, NC end, NC program run time)
• Alarms
(e.g. machine fault)
(b) Tool specific messages
(e.g. tool break, end of tool life)
(c) NC messages
(e.g. load NC program)
(d) Entry and description of fault by way of a dialogue
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There are system statuses in which the data are not in a defined stated, namely:
• Initial start (all data), and
• Restart after complete or partial loss of data

Job Scheduling
Manufacturing orders are entered into the cell computer by the operator interactively.
In the input routine, the operator enters the job number, the parts number, the
production quantities and deadlines. Manufacturing orders can be completed on a batch
basis or may involve a parts mix. Figure 35 shows the various FMC functions.
By setting appropriate identifiers it is possible to link manufacturing orders in such a way
that parts are finished in the correct order for assembly. The fundamental planning
method used is such that with as few workpiece carriers as possible in the cell the
machines can be well utilized and throughput times can be kept to a minimum.

Fig. 35 Various FMS Functions

Manufacturing orders with the highest priority are the first to be taken up for
manufacture. During the scheduling processes a check is carried out to establish
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whether the necessary NC programs, workpiece carriers and master data are available.
(Fig. 36). If the operator informs the system that the missing resources can be procured
in time, the order is then considered to be accepted and scheduled. This scheduling
routine is repeated for as long as there is still free manufacturing capacity available. The
availability check is repeated prior to start of manufacture.

Fig. 36 Data Requirements

Tool Requirements
Tool requirements planning (Fig. 37) for scheduled manufacturing orders are carried out
on two separate occasions:
• Immediately after job scheduling and
• Prior to the start of manufacturing

Fig. 37 Tool Data Requirements
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(i) Preliminary planning phase: Tool identification numbers and all the intervention times
for each tool application must be taken from the tool lists of the NC programs. The tool
lives for all the tools used in the system are stored in the tool reference data
management files. By linking all the relevant data it is possible to ascertain the gross
tool requirements; these requirements are notified to the operator (display, printout).
The operator confirms that the tools can be obtained in good time.
(ii) Final planning phase: Before manufacturing starts, a requirement analysis is
performed which takes into account the residual tool lives of the tools accommodated in
the machine magazine. The net tool requirements list and the list of tools due for
release in the machine magazine are printed out in the form of tool loading and
unloading lists. A tool setting unit may be connected to the cell computer as an option.
The setting unit is provided with the reference data for the tools to be set. The actual
tool data or the tool correction data determine by the unit is transferred online to the cell
computer. For changing the tools, the relevant data are available for the machine tool
PLC.

Material Flow Control
The material flow control facility controls and supervises the transport of the workpiece
carriers with the clamped workpiece in the flexible manufacturing cell. The workpiece
carriers are transported by the transport system of the cell between a source station and
a destination station. Source and destination station include clamping locations,
machine tools, washing and measuring machines, etc. The transport requests are
specified by the station-specific programs (e.g. machine tool program, fixturing
programme) to the MFC facility at the end of an operation and processed by the MFC
facility according to the FIFO principle (FIRST IN FIRST OUT).
In addition to the stations, each cell normally has storage locations where the workpiece
can be held if the destination station is occupied. If this happens the transport job
together with the destination and the priority is preserved. The source station identifier is
replaced by the storage location number. Information on the source and destination is
obtained by interpreting the workpiecespecific schedule, in which among other things
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the sequence of operations is defined. During transport the status data of the transport
system, source and destination stations, workpiece carrier and workpiece are updated
by the MFC facility in real time.

Machine Tool Program
In the FMC system the machine tool program undertakes all the tasks arising at the
interface to the machine tool. These tasks are online functions, so that each of the
machine tools integrated into the FMC system is assigned its own machine tool
program.
The machine tool programs process:
i. NC functions
• Maintaining a list of the NC programs available in the CNC
• Loading a program by preparing the CNC for loading and activating program transfer
via the NC program supply module
• Erasing the CNC memory
ii. Tool data
• Reading the tool magazine and forwarding the contents to the tool requirement module
• Forwarding the tool offset data on loading the tool magazine
• Alarms and status messages which lead to the cancellation of automatic processing of
the machine tool.
Alarms and status messages are logged by the basic software system. The relevant
status data are simultaneously updated.

Synchronization
Synchronization must be carried out in the event of a restart for a machine tool in the
FMC:
(i) Resetting the PLC
• Interrogate alarms and status
• Cancel NC programs
• Read tool magazine data
(ii) Forwarding the information to the relevant program modules
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(iii) Resetting the NC program supply module.

CNC Program Supply
With the aid of this module, (Fig. 38) CNC programs are:
• transferred to the CNC of the cell,
• retransferred from a CNC (updated, optimized programs),
• read from floppy disk or via a host computer interface into the cell computer,
• deleted from the NC program library.

Fig. 38 CNC Program Management

The CNC programs are held ready by a machine tool program at the interface to the
CNC and transferred if the CNC signals that it is ready to receive. Retransmission of
updated NC programs is initiated by means of operator inputs on the cell computer.
When CNC programs are transferred to the cell computer they are read into an input
file, provided with the necessary prefix and management data by the operator
interacting with the computer and transferred to the library with a particular CNC
program number and references to subroutines and tool lists. The status of the CNC
program indicates whether the program is blocked, released for production or whether it
is an updated version. By entering appropriate requests on the operator console lists
information relating to:
• All blocked diagrams
• All programs with update versions etc.
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Tool Flow Control
Figure 39 shows a schematic diagram of tool flow control. The tool flow control facility
processes the bi-directional transfer of tools between the cell magazines. For each
machine tool, the tool planning function supplies the tool flow control facility with lists
containing the identification numbers of the tools required and the tools those are
available.

Fig. 39 Schematic Diagram of Tool Flow Control

The deciding factor is the time of requirement or the time of tool release for dismantling.
Before a workpiece arrives at the machining location of the machine tool a check is
carried out to establish whether:
• All the tools required are available in the machine tool magazine, or
• The tools not in the machine tool magazine are available in the cell magazine.
If the necessary tools are not available the workpiece is rejected. If the tools are in the
cell magazine, a change of tools is initiated. The time of the change of tools is notified to
the relevant machine by the PLC as follows: From flags set in the NC programs the
machine tool PLC knows if there is enough time available for a change of tools. If a flag
is set, the tool flow control facility is informed.

Tool Changing
The co-ordinates of the tool location are passed to the PLC of the handling device
where they are converted into movement instructions. At the same time as the handling
device is executing the movement instructions, the PLC of the machine tool positions
the magazine for tool changing. Once the new tool has been loaded, the tool that is no
longer required can be exchanged and transferred to the cell magazine. A free location
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is specified by the cell store management facility. Physical tool exchange is
accompanied by a magazine management update.

4.9 System Configuration
Several flexible manufacturing cells can be combined to form a system under the
control of a supervisory computer. In such a system, tasks are distributed among the
individual cell computers and the supervisory computer. A typical arrangement is shown
in Fig. 40. Machine related functions such as CNC program supply and the machine tool
programs, any material flow control within the cell and the associated data storage
facilities remain at cell level.

Fig.40

Execution of the higher functions of job scheduling, tool requirement management,
material flow control and palletizing etc., are the responsibility of the co-ordination
computer.
• Each of the cells is a self-contained functional unit
• The cells can be put into operation at different times
• The cells have a standardized interface to the supervisory computer
• The cells can be supplied by different machine manufacturers
• Incorporation of autonomous cells into the system can be done as and when needed.
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Typical FMS Layout
Figure 41 shows the layout of a typical FMS. For the sake of clarity only a few
representative component units are shown in the figure. The following major
subsystems and components can be seen in the illustration:
(i) Automatic storage and retrieval system
(ii) CNC machines
(iii) Workpiece carriers (AGV’s)
(iv) Palletizing station
(v) Washing station
(vi) Tool presetting station
(vii) Computer control system

Fig. 41 A Typical FMS

The automatic guided vehicle takes the palletized workpieces from the palletizing
station to the work centre. The guidance of the AGV is carried out through cables laid
on the shop floor. The transfer of the palletized work from the AGV is effected through a
special pallet changer device located in front of each of the machine tool.
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4.10 Flexible Manufacturing Systems
-

Flexible Manufacturing Systems (FMS) is a strategic approach to answer the
competitive global manufacturing challenge

-

FMS is made possible by advanced technologies such as CAD, CAM, CAPP, CIM,
GT and etc.

-

In this section, we will briefly describe the basics of FMS including

-

Flexibility

-

Volume-variety

-

Layout

-

Part / tool management

4.11 Flexibility
-

Flexibility can be defined as a collection of properties of a manufacturing system that
support changes in production activities or capabilities

-

A number of types of flexibility have been discussed including

-

Machine flexibility: use multi-purpose CNC machines

-

Routing flexibility: use CAPP

-

Process flexibility: use multi-purpose CNC machines

-

Product flexibility

-

Production flexibility

-

Expansion flexibility
Volume-Variety

-

There are five types of manufacturing systems:

-

Transfer line

-

Stand-alone CNC machine

-

Manufacturing cell

-

Special manufacturing system

-

Flexible manufacturing system.

-

Different systems have different characteristics and hence, suit for different products
and production types.

-

Key characteristics of various manufacturing systems
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-

Transfer line

-

Flexible manufacturing module

-

Manufacturing cell

-

Special manufacturing systems

-

Flexible manufacturing systems

Productivity

Transfer
line
FMS
CNC machines

Flexibility

Fig. 42 The characteristics of different types of manufacturing methods

-

The key characteristics of various manufacturing systems

In Manufacturing Systems:

Fig. 43
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Special Mfg. System: the least flexible CIM system. It is designed to produce a very
limited number of different parts (2 - 8).
Mfg. Cell: the most flexible but generally has the lowest number of different parts
manufactured in the cell would be between 40 - 80. Annual production rates rough from
200 - 500.
Flexible Mfg. System: A typical FMS will be used to process several part families with 4
to 100 different part numbers being the usual case.
-

An FMS is an automated, mid-volume, mid-variety, central computer-controlled
manufacturing system.

-

The essential physical components of the FMS are:

-

Independent CNC machines capable of performing multiple functions and having
automated tool changer

-

Automated material-handling system to move parts between machines and fixtures

-

All components are computer-controlled

-

Equipment such as coordinate measurement machines and part-washing devices

-

An FMS consists of two subsystems:

-

Physical subsystem

-

Control subsystem

-

Some examples are shown in the textbook

4.12 Conventional Approaches to Manufacturing
Conventional approaches to manufacturing have generally centered on machines laid
out in logical arrangements in a manufacturing facility. These machine layouts are
classified by:
a. Function - Machines organized by function will typically perform the same function,
and the location of these departments relative to each other is normally arranged so as
to minimize interdepartmental material handling.Workpiece produced in functional
layout departments and factories are generally manufactured in small batches up to fifty
pieces (a great variety of parts).

108
jntuworldupdates.org

Specworld.in

Smartzworld.com

Smartworld.asia

Fig. 44
b. Line or flow layout - the arrangement of machines in the part processing order or
sequence required. A transfer line is an example of a line layout. Parts progressively
move from one machine to another in a line or flow layout by means of a roller conveyor
or through manual material handling. Typically, one or very few different parts are
produced on a line or flow type of layout, as all parts processed require the same
processing sequence of operations. All machining is performed in one department,
thereby minimizing interdepartmental material handling.

Fig. 45
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c. Cell - It combines the efficiencies of both layouts into a single multi-functional unit. It
referred to as a group technology cell; each individual cell or department is comprised of
different machines that may not be identical or even similar. Each cell is essentially a
factory within a factory, and parts are grouped or arranged into families requiring the
same type of processes, regardless of processing order.
Cellular layouts are highly advantageous over both function and line machine layouts
because they can eliminate complex material flow patterns and consolidate material
movement from machine to machine within the cell.

Fig. 46

Manufacturing Cell
Four general categories:
i. Traditional stand-alone NC machine tool - is characterized as a limited-storage,
automatic tool changer and is traditionally operated on a one-to-one machine to
operator ratio. In many cased, stand-alone NC machine tools have been grouped
together in a conventional part family manufacturing cell arrangement and operating on
a one-to-one or two-to-one or three-to-one machine to operator ratio.
ii. Single NC machine cell or mini-cell - is characterized by an automatic work
changer with permanently assigned work pallets or a conveyor-robot arm system
mounted to the front of the machine, plus the availability of bulk tool storage. There are
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many machines with a variety of options, such as automatic probing, broken tool
detection, and high-pressure coolant control. The single NC machine cell is rapidly
gaining in popularity, functionality, and affordability.
iii. Integrated multi-machine cell - is made up of a multiplicity of metal-cutting machine
tools, typically all of the same type, which have a queue of parts, either at the entry of
the cell or in front of each machine. Multi-machine cells are either serviced by a
material-handling robot or parts are palletized in a two- or three-machine, in-line system
for progressive movement from one machining station to another.

4.13 FMS - sometimes referred to as a flexible manufacturing cell (FMC), is
characterized by multiple machines, automated random movement of palletize parts to
and from processing stations, and central computer control with sophisticated
command-driven software. The distinguishing characteristics of this cell are the
automated flow of raw material to the cell, complete machining of the part, part washing,
drying, and inspection with the cell, and removal of the finished part.

I. Machine Tools & Related Equipment
 Standard CNC machine tools
 Special purpose machine tools
 Tooling for these machines
 Inspection stations or special inspection probes used with the machine tool

The Selection of Machine Tools
1. Part size
2. Part shape
3. Part variety
4. Product life cycle
5. Definition of function parts
6. Operations other than machining - assembly, inspection etc.
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II. Material Handling System
A. The primary work handling system - used to move parts between machine tools in
the CIMS. It should meet the following requirements.
i). Compatibility with computer control
ii). Provide random, independent movement of palletized work parts between machine
tools.
iii). Permit temporary storage or banking of work parts.
iv). Allow access to the machine tools for maintenance tool changing & so on.
v). Interface with the secondary work handling system

B. The secondary work handling system - used to present parts to the individual
machine tools in the CIMS.
i). Same as A (i).
ii). Same as A (iii)
iii). Interface with the primary work handling system
iv). Provide for parts orientation & location at each workstation for processing.

III. Computer Control System - Control functions of a firm and the supporting computing
equipment

Fig. 47
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Fig. 48 Control Loop of a Manufacturing System
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Fig. 49
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IV. Functions of the computer in a manufacturing organization
Operation problems in FMS
-

The operation problems in FMS include

-

Part selection and tool management

-

Fixture and pallet selection

-

Machine grouping and loading (part and tool assignment)

-

Part selection and tool management methods

-

There are several methods available.

-

The mathematical programming approach (Hwang’s model). Let:
i = 1, 2, …,N = part types
c = 1, 2, …,C = tool types
t = tool magazine capacity
1
b ic  
0

if part type i requres tool c
otherwise

dc = number of slots required to hold tools in the tool magazine of each machine
1
zi  
0

if part type i is selected in the batch

1
yc  
0

if tool c is loaded on a machine

otherwise

otherwise

Note that zi and yc are decision variables. The goal is:
Maximize

z

i

i

subject to:

d

c

yc  1

c

bicziyc, for all i, c
zi = 0 or 1, for all i, c
yc = 0 or 1, for all i, c
-

After the parts and tools are selected, one must determine the tool allocation
problem. There are several different policies for tool allocation

-

Bulk exchange policy: change all the tools according to a preset schedule

-

Tool migration policy: change the tools once the parts are processed
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Resident tooling policy: allocate the tools according to the similarity and change the
tools only when they worn out. The tool allocation algorithm is the same as the
machine allocation algorithm discussed in the previous section.

-

Tool sharing policy: combine bulk exchange and resident tooling policies.

-

Fixture and pallet selection

-

Fixture is the interface between the machine and the material-handling system.

-

The use of palletized parts is very important in the integration of machines, materialhandling equipment and storage facilities.

-

The fixture and pallet selection problem can be considered as a subset of the part
selection problem. The approximate number of pallets required is:
Number of pallets 

PR  CT
PT  NP

where, PR = parts required per shift
CT = average pallet cycle time
PT = planned production time per shift
NP = number of parts per pallet
-

Machine grouping and loading

-

The machine grouping and loading problem refers to grouping of machines and
allocation of operations and tools required for the selected part types.

-

A number of criteria have to be considered:
-

Balance the assigned machine processing times

-

Minimize the number of movements from machine to machine

-

Balance the workload per machine in the system

-

Fill the tool magazines as densely as possible

-

Maximize the number of weighted operations.

Quantitative Analysis of Flexible Manufacturing Systems


FMS analysis techniques:
1. Deterministic models
2. Queuing models
3. Discrete event simulation
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4. Other approaches, including heuristics


Deterministic models
1. Bottleneck model - estimates of production rate, utilization, and other
measures for a given product mix
2. Extended bottleneck model - adds work-in-process feature to basic model



For a given part mix, the total production rate is ultimately limited by the
bottleneck station



If part mix ratios can be relaxed, it may be possible to increase total FMS
production rate by increasing the utilization of non-bottleneck stations



As a first approximation, bottleneck model can be used to estimate the number
of servers of each type to achieve a specified overall production rate



The number of parts in the FMS at any one time should be greater than the
number of servers (processing machines) in the system
1. Ratio of two parts per server is probably optimum
2. Parts must be distributed throughout the FMS, especially in front of the
bottleneck station
3. If WIP is too low, production rate is impaired
4. IF WIP is too high, MLT increases

4.14 Group Technology and Flexible Manufacturing Systems
Overview of Group Technology (GT)


Parts in the medium production quantity range are usually made in batches



Disadvantages of batch production



Downtime for changeovers



High inventory carrying costs



GT minimizes these disadvantages by recognizing that although the parts are
different, there are groups of parts that possess similarities



GT exploits the part similarities by utilizing similar processes and tooling to
produce them



GT can be implemented by manual or automated techniques



When automated, the term flexible manufacturing system is often applied
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Group Technology Defined


An approach to manufacturing in which similar parts are identified and grouped
together in order to take advantage of their similarities in design and production



Similarities among parts permit them to be classified into part families



In each part family, processing steps are similar



The improvement is typically achieved by organizing the production facilities into
manufacturing cells that specialize in production of certain part families

Part Family


A group of parts that possess similarities in geometric shape and size, or in the
processing steps used in their manufacture



Part families are a central feature of group technology



There are always differences among parts in a family



But the similarities are close enough that the parts can be grouped into the same
family

Fig. 50

Two parts that are identical in shape and size but quite different in manufacturing:
(a)1,000,000 units/yr, tolerance = ±0.010 inch, 1015 CR steel, nickel plate
(b)100/yr, tolerance = ±0.001 inch, 18-8 stainless steel

Fig. 51
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Ten parts those are different in size and shape, but quite similar in terms of
manufacturing


All parts are machined from cylindrical stock by turning; some parts require
drilling and/or milling

Ways to Identify Part Families
1. Visual inspection - using best judgment to group parts into appropriate families,
based on the parts or photos of the parts
2. Production flow analysis - using information contained on route sheets to classify
parts
3. Parts classification and coding - identifying similarities and differences among parts
and relating them by means of a coding scheme

Parts Classification and Coding


Most classification and coding systems are one of the following



Systems based on part design attributes



Systems based on part manufacturing attributes



Systems based on both design and manufacturing attributes

Part Design Attributes


Major dimensions



Basic external shape



Basic internal shape



Length/diameter ratio



Material type



Part function



Tolerances



Surface finish
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Part Manufacturing Attributes


Major process



Operation sequence



Batch size



Annual production



Machine tools



Cutting tools



Material type

Benefits of a Well-Designed Classification and Coding System
 Facilitates formation of part families
 Permits quick retrieval of part design drawings
 Reduces design duplication
 Promotes design standardization
 Improves cost estimating and cost accounting
 Facilitates NC part programming by allowing new parts to use the same part
program as existing parts in the same family
 Computer-aided process planning (CAPP) becomes feasible

Composite Part Concept


A composite part for a given family is a hypothetical part that includes all of the
design and manufacturing attributes of the family



In general, an individual part in the family will have some of the features of the
family, but not all of them



A production cell for the part family would consist of those machines required to
make the composite part



Such a cell would be able to produce any family member, by omitting operations
corresponding to features not possessed by that part



Composite part concept: (a) the composite part for a family of machined
rotational parts, and (b) the individual features of the composite part
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Composite Part Features and Corresponding Manufacturing Operations
Design feature Corresponding operation

4.15 Machine Cell Designs (Types of GT cells)
(a) Single machine
(b) Multiple machines with manual handling
(c) Multiple machines with mechanized handling
(d) Flexible manufacturing cell
(e) Flexible manufacturing system

Fig. 52
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Benefits of Group Technology
 Standardization of tooling, fixtures, and setups is encouraged
 Material handling is reduced
 Parts are moved within a machine cell rather than entire factory
 Process planning and production scheduling are simplified
 Work-in-process and manufacturing lead time are reduced
 Improved worker satisfaction in a GT cell
 Higher quality work

Problems in Group Technology
 Identifying the part families (the biggest problem)
 If the plant makes 10,000 different parts, reviewing all of the part drawings and
grouping the parts into families is a substantial task
 Rearranging production machines in the plant into the appropriate machine cells
 It takes time to plan and accomplish this rearrangement, and the machines are
not producing during the changeover

FMS Planning and Design Issues


Part family considerations






Based on part similarity



Based on product commonality

Processing requirements




Defining the part family of families to be processed

Determine types of processing equipment required

Physical characteristics of workparts


Size and weight determine size of processing equipment and material
handling equipment



Production volume




Annual quantities determined number of machines required

Types of workstations
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Variations in process routings



Work-in-process and storage capacity



Tooling



Pallet fixtures

FMS Operational Issues


Scheduling and dispatching




Machine loading




Which parts should be on the system at one time

Tool management




Selecting routes to be followed by each part

Part grouping




Deciding what operations and associated tooling at each workstation

Part routing




Launching parts into the system at appropriate times

When to change tools

Pallet and fixture allocation


Limits on fixture types may limit part types that can be processed

Flexible Manufacturing System: Overview


A highly automated GT machine cell, consisting of a group of processing stations
(usually CNC machine tools), interconnected by an automated material handling
and storage system, and controlled by an integrated computer system



The FMS relies on the principles of GT



No manufacturing system can produce an unlimited range of products



An FMS is capable of producing a single part family or a limited range of part
families
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Flexibility Tests in an Automated Manufacturing System


Automated manufacturing cell with two machine tools and robot. Is it a flexible
cell?

Fig. 53


To qualify as being flexible, a manufacturing system should satisfy the following
criteria (“yes” answer for each question):

1. Can it process different part styles in a non-batch mode?
2. Can it accept changes in production schedule?
3. Can it respond gracefully to equipment malfunctions and breakdowns?
4. Can it accommodate introduction of new part designs?
If the automated system does not meet these four tests, it should not be
classified as a flexible manufacturing or cell.
Is the Robotic Work Cell Flexible?
1. Can it machine different part configurations in a mix rather than in batches?
2. Can production schedule and part mix be changed?
3. Can it operate if one machine breaks down?
Example: while repairs are being made on the broken machine, can its work be
temporarily reassigned to the other machine?
4. As new part designs are developed, can NC part programs be written off-line and
then downloaded to the system for execution?
This fourth capability also requires that the toolings in the CNC machines as well
as the end effecter of the robot are suited to the new part design.
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FMS Components


Hardware components

Workstations - CNC machines in a machining type system
Material handling system - means by which parts are moved between stations
Central control computer - to coordinate the activities of the components so as to
achieve a smooth overall operation of the system


Software and control functions



Human labor

Five Types of FMS Layouts
1. In-line
2. Loop
3. Ladder
4. Open field
5. Robot-centered cell
 The basic layout of the FMS is established by the material handling system
Three of the five FMS layout types: (a) in-line

Fig. 54

Key: Aut = automated station; L/UL = load/unload station;
Insp = inspection station; AGV = automated guided vehicle;
AGVS = automated guided vehicle system

Fig. 55
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Straight line flow, well-defined processing sequence similar for all work units



Work flow is from left to right through the same workstations



No secondary handling system

Fig. 56


Linear transfer system with secondary parts handling system at each workstation
to facilitate flow in two directions

Loop layout

Fig. 57


One direction flow, but variations in processing sequence possible for different
part types



Secondary handling system at each workstation

Rectangular Layout

Fig. 58
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Rectangular layout allows recirculation of pallets back to the first station in the
sequence after unloading at the final station

Ladder layout

Fig. 59

Key: Aut = automated station; L/UL = load/unload station;
Insp = inspection station; AGV = automated guided vehicle;
AGVS = automated guided vehicle system

Fig. 60


Loop with rungs to allow greater variation in processing sequence
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Open field

Fig. 61
•Key: Aut = automated station; L/UL = load/unload station;
Insp = inspection station; AGV = automated guided vehicle; AGVS = automated guided
vehicle system

Fig. 62


Multiple loops and ladders, suitable for large part families
128

jntuworldupdates.org

Specworld.in

Smartzworld.com

Smartworld.asia

Robot centered layout

Fig. 63


Suited to the handling of rotational parts and turning operations

Typical Computer Functions in a FMS
1. Workstation control


Individual stations require controls, usually computerized

2. Distribution of control instructions to workstations


Central intelligence required to coordinate processing at individual stations

3. Production control


Product mix, machine scheduling, and other planning functions

4. Traffic control


Management of the primary handling system to move parts between
workstations

5. Shuttle control


Coordination of secondary handling system with primary handling system

6. Workpiece monitoring


Monitoring the status of each part in the system

7. Tool control


Tool location
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Keeping track of each tool in the system

Tool life monitoring


Monitoring usage of each cutting tool and determining when to
replace worn tools

8. Performance monitoring and reporting


Availability, utilization, production piece counts, etc.

9. Diagnostics


Diagnose malfunction causes and recommend repairs

 NC part programming - development of NC programs for new parts introduced
into the system
 Production control - product mix, machine scheduling, and other planning
functions
 NC program download - part program commands must be downloaded to
individual stations
 Machine control - individual workstations require controls, usually CNC

More Computer Functions in a FMS
Workpart control - monitor status of each workpart in the system, status of pallet
fixtures, orders on loading/unloading pallet fixtures
Tool management - tool inventory control, tool status relative to expected tool life, tool
changing and resharpening, and transport to and from tool grinding
Transport control - scheduling and control of work handling system System
management - compiles management reports on performance (utilization, piece counts,
production rates, etc.)
Duties Performed by Human Labor
 Loading and unloading parts from the system
 Changing and setting cutting tools
 Maintenance and repair of equipment
 NC part programming
 Programming and operating the computer system
 Overall management of the system
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Fig. 64 Application characteristics of flexible manufacturing systems and cells relative to
other types of production systems

Typical FMS Benefits


Higher machine utilization than a conventional machine shop due to better work
handling, off-line setups, and improved scheduling



Reduced work-in-process due to continuous production rather than batch
production



Lower manufacturing lead times



Greater flexibility in production scheduling

Where to Apply FMS Technology





The plant presently either:


Produces parts in batches or



Uses manned GT cells and management wants to automate the cells

It must be possible to group a portion of the parts made in the plant into part
families
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The part similarities allow them to be processed on the FMS workstations

Parts and products are in the mid-volume, mid-variety production range

Flexible Manufacturing System - Defined
A highly automated GT machine cell, consisting of a group of processing stations
(usually CNC machine tools), interconnected by an automated material handling
and storage system, and controlled by an integrated computer system


The FMS relies on the principles of GT


No manufacturing system can produce an unlimited range of products



An FMS is capable of producing a single part family or a limited range of
part families

Flexibility Tests in an Automated Manufacturing System
To qualify as being flexible, a manufacturing system should satisfy the following criteria
(“yes” answer for each question):
a. Can it process different part styles in a non-batch mode?
b. Can it accept changes in production schedule?
c. Can it respond gracefully to equipment malfunctions and breakdowns?
d. Can it accommodate introduction of new part designs?

1.

Part variety test
Can it machine different part configurations in a mix rather than in
batches?

2.

Schedule change test
Can production schedule and part mix be changed?

3.

Error recovery test


Can it operate if one machine breaks down?


Example: while repairs are being made on the broken machine,
can its work be temporarily reassigned to the other machine?

4. New part test


As new part designs are developed, can NC part programs be written
off-line and then downloaded to the system for execution?
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Types of FMS


Kinds of operations


Processing vs. assembly



Type of processing




If machining, rotational vs. non-rotational

Number of machines (workstations):


Single machine cell (n = 1)



Flexible manufacturing cell (n = 2 or 3)



Flexible manufacturing system (n = 4 or more)
Single-Machine Manufacturing Cell

Fig. 65 A single-machine CNC machining cell (photo courtesy of Cincinnati Milacron)
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Fig. 66 Flexible Manufacturing Cell

Fig. 67 A two-machine flexible manufacturing cell for machining
(photo courtesy of Cincinnati Milacron)
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Fig. 68 A five-machine flexible manufacturing system for machining
(photo courtesy of Cincinnati Milacron)

Fig. 69
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Features of the Three Categories

Fig. 70

FMS types: Level of Flexibility
a.

Dedicated FMS


Designed to produce a limited variety of part styles



The complete universe of parts to be made on the system is known in
advance



Part family likely based on product commonality rather than geometric
similarity

b. Random-order FMS


Appropriate for large part families



New part designs will be introduced



Production schedule is subject to daily changes
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Fig. 71

FMS Components
1. Workstations
2. Material handling and storage system
3. Computer control system
4. Human labor
Workstations


Load and unload station(s)


Factory interface with FMS



Manual or automated



Includes communication interface with worker to specify parts to load,
fixtures needed, etc.





CNC machine tools in a machining type system


CNC machining centers



Milling machine modules



Turning modules

Assembly machines
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Material Handling and Storage


Functions:


Random, independent movement of parts between stations



Capability to handle a variety of part styles


Standard pallet fixture base



Workholding fixture can be adapted



Temporary storage



Convenient access for loading and unloading



Compatibility with computer control

Material Handling Equipment


Primary handling system establishes basic FMS layout



Secondary handling system - functions:


Transfers work from primary handling system to workstations



Position and locate part with sufficient accuracy and repeatability for the
operation



Reorient part to present correct surface for processing



Buffer storage to maximize machine utilization

FMS Applications



Machining –most common application of FMS technology



Assembly



Inspection



Sheet metal processing (punching, shearing, bending, and forming)



Forging

FMS Development in India

Because of the high cost in FMS, Indian manufacturers have not evinced much interest
in the total adoption of this technology. The first unit of this type was established at the
Heavy Alloy Penetrator Project (HAPP) at Trichy in South India during late 80’s. This
unit has all the facilities of a FMS. Part of the equipment was manufactured at HMT and
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the installation of the factory was done by erstwhile HMT CIM division. Subsequently a
number of flexible turning cells have been set up by manufacturing industries in different
parts of the country. FMS as a whole is not very popular today because of its high cost
and the time taken to design and install one. However, the principles of FMS are quite
relevant and are being widely followed for achieving global competitiveness.

Fig. 72 FMS at Chance-Vought Aircraft (courtesy of Cincinnati Milacron)

Fig. 72 FMS for Sheet Metal Fabrication
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FMS Benefits


Increased machine utilization


Reasons:


24 hour operation likely to justify investment



Automatic tool changing



Automatic pallet changing at stations



Queues of parts at stations to maximize utilization



Dynamic scheduling of production to account for changes in
demand



Fewer machines required



Reduction in factory floor space required



Greater responsiveness to change



Reduced inventory requirements


Different parts produced continuously rather than in batches



Lower manufacturing lead times



Reduced labor requirements



Higher productivity



Opportunity for unattended production


Machines run overnight ("lights out operation")

Summary:
Shop floor control: The three phases of shop floor control
1. Order release
2. Order scheduling
3. Order progress

Factory Data Collection System


On-line versus batch systems



Data input techniques


Job traveler
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Employee time sheets



Operation tear strips



Prepunched cards



Providing key board based terminals
o One centralized terminal
o Satellite terminals
o Workstation terminals

Automatic identification methods


Bar codes



Radio frequency systems



Magnetic stripe



Optical character recognition



Machine vision

Automated data collection systems


Data acquisition systems



Multilevel scanning

Components of Flexible Manufacturing Systems(FMS)


Workstations



Material handling and storage



Computer control system



Human resources

Flexibility
Flexibility in manufacturing means the ability to deal with slightly or greatly mixed parts,
to allow variation in parts assembly and variations in process sequence, change the
production volume and change the design of certain product being manufactured.
Workstations


Load/unload stations



Machining stations



Other processing stations
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Assembly

Material handling and storage systems


Primary material handling



Secondary material handling



In-line layout



Loop layout



Ladder layout



Open field layout



Robot centered layout

FMS layout

Computer control system


Workstation control



Distribution of control instructions to workstations



Production control



Traffic control



Shuttle control



Workpiece monitoring



Tool control



Performance monitoring and reporting



Diagnostics

142
jntuworldupdates.org

Specworld.in

