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BMS 406: PE-II: COMPUTER INTEGRATED MANUFACTURING (3-1-0): Syllabus
Module-I
Introduction: The meaning and origin of CIM, The changing manufacturing and management
scenario, External communication, Islands of automation and software, Dedicated and open
systems, Manufacturing automation protocol, Product related activities of a company, Marketing
engineering, Production planning, Plant operations, Physical distribution, Business and financial
management.
[06 Lectures]
Computer Aided Process planning: Role of process planning in CAD/CAM integration, Approaches to
computer aided process planning- Variant approach and Generative approaches, CAPP and CMPP
process planning systems.
[04 Lectures]
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.
[10 Lectures]
Module-III
CIM Implementation: CIM and company strategy, System modeling tools-IDEF models, Activity cycle
diagram, CIM open system architecture (CIMOSA), Manufacturing enterprise wheel, CIM
architecture, Product data management, CIM implementation software.
[06 Lectures]
Data Communication: Communication fundamentals, Local area networks, Topology, LAN
implementations, Network management and installations.
[04 Lectures]
Module-IV
CIM System: Open System Open systems inter connection, Manufacturing automations protocol
and technical office protocol (MAP /TOP).
[04 Lectures]
Database for CIM: Development of databases, Database terminology, Architecture of database
systems, Data modeling and data associations, Relational data bases, Database operators,
Advantages of data base.
[06 Lectures]
TEXT BOOK(S):
1. Automation, Production Systems and Computer Integrated Manufacturing- M.P.Groover,
Pearson Education.
2. Computer Integrated Manufacturing System- Y. Koren, McGraw-Hill.
REFERENCE(S):
1. CAD/CAM/CIM- P. Radhakrishnan, S. Subramanyan and V. Raju- New Age International.
2. Computer Integrated Manufacturing- Paul G. Ranky, Prentice Hall International.
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Computer Integrated Manufacturing (CIM)
Module-I

Introduction: The meaning and origin of CIM, The changing manufacturing and
management scenario, External communication, Islands of automation and software,
Dedicated and open systems, Manufacturing automation protocol, Product related
activities of a company, Marketing engineering, Production planning, Plant operations,
Physical distribution, Business and financial management.
Computer Aided Process planning: Role of process planning in CAD/CAM integration,
Approaches to computer aided process planning- Variant approach and Generative
approaches, CAPP and CMPP process planning systems.

1. Introduction to CIM
Initially, machine tool automation started with the development of numerical control in
1950s. In less than 50 years, it is amazing that today’s manufacturing plants are
completely automated. However, establishment of these plants gave relatively a few
varieties of product. At first we define what do we mean by a manufacturing plant?
Here, we are considering a several categories of manufacturing (or production) for the
various manufacturing plants. Manufacturing can be considered in three broad areas:
(i) Continuous process production,
(ii) Mass production, and
(iii) job-shop production.
Among these three, mass production and job-shop production can be categorized as
discrete- item production.

Continuous Process Production
Such type of product flows continuously in the manufacturing system, e.g. petroleum,
cement, steel rolling, petrochemical and paper production etc. Equipment used here are
only applicable for small group of similar products.
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Mass Production
It includes the production of discrete unit at very high rate of speed. Discrete item
production is used for goods such as automobiles, refrigerators, televisions, electronic
component and so on. Mass production contains the character of continuous process
production for discrete products. That’s why mass production has realized enormous
benefits from automation and mechanization.

Job Shop Production
A manufacturing facility that produces a large number of different discrete items and
requires different sequences among the production equipments is called job shop.
Scheduling and routine problems are the essential features of job shop. As a result
automation has at best been restricted to individual component of job shop. But there
have been few attempts in the field of total automation. Physical components of an
automated manufacturing system do not include continuous flow process as it only
consists of a small percentage of manufacturing system. Mass production of discrete
items is included in this category, where segments of production line are largely
automated but not the entire line. Job shop facilities have used automated machines,
but transfer of work among these machines is a difficult task. Apart from some physical
equipment needed, a major component of the automated information that needs to be
made available to the manufacturing operation must come from product design. This
allows a plant to be automated and integrated. However, manufacturing is more
concerned with process design rather than product design.

The characteristic of present world market include higher competition, short product life
cycle, greater product diversity, fragmented market, variety and complexity, and smaller
batch sizes to satisfy a variety of customer profile. Furthermore, non price factors such
as quality of product design innovation and delivery services are the preliminary
determinant for the success of product. In today’s global arena, to achieve these
requirements manufacturing company needs to be flexible, adaptable and responsive to
changes and be able to produce a variety of products in short time and at lower cost.
These issues attract manufacturing industries to search for some advanced technology,
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which can overcome these difficulties. Computer integrated manufacturing (CIM), which
emerged in 1970, was the outcome of this protracted search.

A CIM System consists of the following basic components:
I. Machine tools and related equipment
II. Material Handling System (MHS)
III. Computer Control System
IV. Human factor/labor

CIM refers to a production system that consists of:
1. A group of NC machines connected together by
2. An automated materials handling system
3. And operating under computer control

In Production Systems CIM is appropriate for batch production as shown in Fig. 1.

Fig. 1 Application of CIM in Production systems

Transfer Lines: is very efficient when producing "identical" parts in large volumes at high
product rates.
Stand Alone: NC machine: are ideally suited for variations in work part configuration.
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CIM involves a fundamental strategy of integrating manufacturing facilities and systems
in an enterprise through the computer and it’s peripheral. CIM can be defined in
different ways depending upon its application. CIM involves integration of advanced
technologies in various functional units of an enterprise, in an effective manner to
achieve the success of the manufacturing industries. A deep knowledge and
understanding of all the technology is required for an effective integration. At first
integration of advanced manufacturing technology (AMT) is required to get success in
the application of CIM. Computers act as a subordinate to the technologies. Computers
help, organize, and restore information in order to achieve high accuracy and speed.
Their basic aim is to achieve the goals of the objectives within limited available capital.
Traditionally, all the efforts were focused on achieving single goal to improve the
effectiveness and competitiveness of the organization. But they failed because they
didn’t satisfy the overall objectives of the manufacturing companies. Hence, a multiple
goal selection or mult- criteria optimization is proposed to make the CIM an effective
tool to improve the economy of the company. The new approach should be developed
for improving the existing multi-criteria optimization mechanism, so that CIM can be
realized globally. In addition, global integration approach should be applied to make
globally distributed company as a single entity. This concept is applied to make virtual
CIM more effective and hence helps in meeting the present global economic
circumstances using intelligent manufacturing. Therefore, manufacturing technology
should be blended with intelligence. This will help manufacturing enterprise to produce
better quality. It will also facilitate the manufacturing equipments to solve problems
posed during normal course of the operations.

Computer technology is the necessary input to implement automation in manufacturing
system. The term CIM denotes the widespread use of computer systems to design the
product, to plan the production, control the operation, and perform the business related
functions required in the manufacturing firm. True CIM includes integration of these
functions in the system that operates throughout the enterprise. Other words are used
to identify specific element of the CIM system. For example, computer aided design
(CAD) denotes the use of computer system to support the product design system.
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Computer aided manufacturing (CAM) denotes the use of computer system to perform
the functions related to manufacturing engineering, such as process planning and
numerically controlled (NC) part programming. Some computer system performs the
CAD and CAM, and so the term CAD/CAM is used to indicate the integration of the two
systems into one. In addition to CAD/CAM, CIM also includes the firm business function
that is related to manufacturing.

Computer Integrated Manufacturing (CIM) encompasses the entire range of
productdevelopment and manufacturing activities with all the functions being carried out
with the help of dedicated software packages. The data required for various functions
are passed from one application software to another in a seamless manner. For
example, the product data is created during design. This data has to be transferred from
the modeling software to manufacturing software without any loss of data. CIM uses a
common database wherever feasible and communication technologies to integrate
design, manufacturing and associated business functions that combine the automated
segments of a factory or a manufacturing facility. CIM reduces the human component of
manufacturing and thereby relieves the process of its slow, expensive and error-prone
component. CIM stands for a holistic and methodological approach to the activities of
the manufacturing enterprise in order to achieve vast improvement in its performance.
This methodological approach is applied to all activities from the design of the product
tocustomer support in an integrated way, using various methods, means and techniques
inorder to achieve production improvement, cost reduction, fulfillment of scheduled
delivery dates, quality improvement and total flexibility in the manufacturing system.
CIM requires all those associated with a company to involve totally in the process of
product development and manufacture. In such a holistic approach, economic, social
and human aspects have the same importance as technical aspects. CIM also
encompasses the whole lot of enabling technologies including total quality
management, business process reengineering, concurrent engineering, workflow
automation, enterprise resource planning and flexible manufacturing. The challenge
before the manufacturing engineers is illustrated in Fig. 2
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Fig 2 Challenges in manufacturing

Manufacturing industries strive to reduce the cost of the product continuously to remain
competitivein the face of global competition. In addition, there is the need to improve the
quality and performance levels on a continuing basis. Another important requirement is
on time delivery. In the context of global outsourcing and long supply chains cutting
across several international borders, the task of continuously reducing delivery times is
really an arduous task. CIM has several software tools to address the above needs.

Manufacturing engineers are required to achieve the following objectives to be
competitive in a global context.
• Reduction in inventory
• Lower the cost of the product
• Reduce waste
• Improve quality
• Increase flexibility in manufacturing to achieve immediate and rapid response to:
o Product changes
o Production changes
o Process change
o Equipment change
o Change of personnel
CIM technology is an enabling technology to meet the above challenges to the
manufacturing.
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1.1 Evolution of Computer Integrated Manufacturing
Computer Integrated Manufacturing (CIM) is considered a natural evolution of
thetechnology of CAD/CAM which by itself evolved by the integration of CAD and CAM.
Massachusetts Institute of Technology (MIT, USA) is credited with pioneering the
development in both CAD and CAM. The need to meet the design and manufacturing
requirements of aerospace industries after the Second World War necessitated the
development these technologies. The manufacturing technology available during late
40's and early 50's could not meet the design and manufacturing challenges arising out
of the need to develop sophisticated aircraft and satellite launch vehicles. This
prompted the US Air Force to approach MIT to develop suitable control systems, drives
and programming techniques for machine tools using electronic control.

The first major innovation in machine control is the Numerical Control (NC),
demonstrated at MIT in 1952. Early Numerical Control Systems were all basically
hardwired systems, since these were built with discrete systems or with later first
generation integrated chips. Early NC machines used paper tape as an input medium.
Every NC machine was fitted with a tape reader to read paper tape and transfer the
program to the memory of the machine tool block by block. Mainframe computers were
used to control a group of NC machines by mid 60's. This arrangement was then called
Direct Numerical Control (DNC) as the computer bypassed the tape reader to transfer
the program data to the machine controller. By late 60's mini computers were being
commonly used to control NC machines. At this stage NC became truly soft wired with
the facilities of mass program storage, offline editing and software logic control and
processing. This development is called Computer Numerical Control (CNC). Since 70's,
numerical controllers are being designed around microprocessors, resulting in compact
CNC systems. A further development to this technology is the distributed numerical
control (also called DNC) in which processing of NC program is carried out in different
computers operating at different hierarchical levels - typically from mainframe host
computers to plant computers to the machine controller.
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Today the CNC systems are built around powerful 32 bit and 64 bit microprocessors.
PC based systems are also becoming increasingly popular. Manufacturing engineers
also started using computers for such tasks like inventory control; demand forecasting,
production planning and control etc. CNC technology was adapted in the development
of co-ordinate measuring machine's (CMMs) which automated inspection. Robots were
introduced to automate several tasks like machine loading, materials handling, welding,
painting and assembly. All these developments led to the evolution of flexible
manufacturing cells and flexible manufacturing systems in late 70's.

Evolution of Computer Aided Design (CAD), on the other hand was to cater to the
geometric

modeling

needs

of

automobile

and

aeronautical

industries.

The

developments in computers, design workstations, graphic cards, display devices and
graphic input and output devices during the last ten years have been phenomenal. This
coupled with the development of operating system with graphic user interfaces and
powerful interactive (user friendly) software packages for modeling, drafting, analysis
and optimization provides the necessary tools to automate the design process.

CAD in fact owes its development to the APT language project at MIT in early
50's.Several clones of APT were introduced in 80's to automatically develop NC codes
from the geometric model of the component. Now, one can model, draft, analyze,
simulate, modify, optimize and create the NC code to manufacture a component and
simulate the machining operation sitting at a computer workstation. If we review the
manufacturing scenario during 80's we will find that the manufacturing is characterized
by a few islands of automation. In the case of design, the task is well automated. In the
case of manufacture, CNC machines, DNC systems, FMC, FMS etc provide tightly
controlled automation systems. Similarly computer control has been implemented in
several areas like manufacturing resource planning, accounting, sales, marketing and
purchase. Yet the full potential of computerization could not be obtained unless all the
segments of manufacturing are integrated, permitting the transfer of data across various
functional modules. This realization led to the concept of computer integrated
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manufacturing. Thus the implementation of CIM required the development of whole lot
of computer technologies related to hardware and software.

1.2 CIM Hardware and CIM Software
CIM Hardware comprises the following:
i. Manufacturing equipment such as CNC machines or computerized work centers,
robotic work cells, DNC/FMS systems, work handling and tool handling devices, storage
devices, sensors, shop floor data collection devices, inspection machines etc.
ii. Computers, controllers, CAD/CAM systems, workstations / terminals, data entry
terminals, bar code readers, RFID tags, printers, plotters and other peripheral devices,
modems, cables, connectors etc., CIM software comprises computer programmes to
carry out the following functions:


Management Information System



Sales



Marketing



Finance



Database Management



Modeling and Design



Analysis



Simulation



Communications



Monitoring



Production Control



Manufacturing Area Control



Job Tracking



Inventory Control



Shop Floor Data Collection



Order Entry



Materials Handling



Device Drivers
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Process Planning



Manufacturing Facilities Planning



Work Flow Automation



Business Process Engineering



Network Management



Quality Management

1.3 Nature and Role of the Elements of CIM System
Nine major elements of a CIM system are in Fig 3 they are,


Marketing



Product Design



Planning



Purchase



Manufacturing Engineering



Factory Automation Hardware



Warehousing



Logistics and Supply Chain Management



Finance



Information Management

Fig 3 Major elements of CIM systems
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i. Marketing: The need for a product is identified by the marketing division. The
specifications of the product, the projection of manufacturing quantities and the strategy
for marketing the product are also decided by the marketing department. Marketing also
works out the manufacturing costs to assess the economic viability of the product.

ii. Product Design: The design department of the company establishes the initial
database for production of a proposed product. In a CIM system this is accomplished
through activities such as geometric modeling and computer aided design while
considering the product requirements and concepts generated by the creativity of the
design engineer. Configuration management is an important activity in many designs.
Complex designs are usually carried out by several teams working simultaneously,
located often in different parts of the world. The design process is constrained by the
costs that will be incurred in actual production and by the capabilities of the available
production equipment and processes. The design process creates the database
required to manufacture the part.

iii. Planning: The planning department takes the database established by the design
department and enriches it with production data and information to produce a plan for
the production of the product. Planning involves several subsystems dealing with
materials, facility, process, tools, manpower, capacity, scheduling, outsourcing,
assembly, inspection, logistics etc. In a CIM system, this planning process should be
constrained by the production costs and by the production equipment and process
capability, in order to generate an optimized plan.

iv. Purchase: The purchase departments is responsible for placing the purchase orders
and follow up, ensure quality in the production process of the vendor, receive the items,
arrange for inspection and supply the items to the stores or arrange timely delivery
depending on the production schedule for eventual supply to manufacture and
assembly.
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v. Manufacturing Engineering: Manufacturing Engineering is the activity of carrying
out the production of the product, involving further enrichment of the database with
performance data and information about the production equipment and processes. In
CIM, this requires activities like CNC programming, simulation and computer aided
scheduling of the production activity. This should include online dynamic scheduling and
control based on the real time performance of the equipment and processes to assure
continuous production activity. Often, the need to meet fluctuating market demand
requires the manufacturing system flexible and agile.

vi. Factory Automation Hardware: Factory automation equipment further enriches the
database with equipment and process data, resident either in the operator or the
equipment to carry out the production process. In CIM system this consists of computer
controlled process machinery such as CNC machine tools, flexible manufacturing
systems (FMS), Computer controlled robots, material handling systems, computer
controlled assembly systems, flexibly automated inspection systems and so on.

vii. Warehousing: Warehousing is the function involving storage and retrieval of raw
materials, components, finished goods as well as shipment of items. In today's complex
outsourcing scenario and the need for just-in-time supply of components and
subsystems, logistics and supply chain management assume great importance.

viii. Finance: Finance deals with the resources pertaining to money. Planning of
investment, working capital, and cash flow control, realization of receipts, accounting
and allocation of funds are the major tasks of the finance departments.

ix. Information Management: Information Management is perhaps one of the crucial
tasks in CIM. This involves master production scheduling, database management,
communication, manufacturing systems integration and management information
systems. It can be seen from Fig 4 that CIM technology ties together all the
manufacturing and related functions in a company. Implementation of CIM technology
thus involves basically integration of all the activities of the enterprise.
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Fig. 4 Various Activities in CIM

1.4 The Scope of Computer-Integrated Manufacturing
When all of the activities of the modern manufacturing plants are considered as a
whole, it is impossible to think that a small portion might be automated, let alone trying
to envisage automation of the whole. In systems approach, a large and complex system
with interacting components are analyzed and improved. Anyone vested with the
responsibility of implementation of automation for complex system is advised to
implement a technique similar to the traditional systems approach.

Following steps are involved in the systems approach:
(a) Objectives of the system are determined.
(b) Structuring the system and set definable system boundaries.
(c) Significant components for a system are determined.
(d) A detailed study of the components is carried out keeping in view the overall
integration of the system.
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(e) Analyzed components are synthesized into the system.
(f) On the basis of the performance criteria, predetermined system is evaluated.
(g) For continuous improvement, Step „b‟ to Step „f‟ are constantly repeated.

No task, however small, should be tackled without knowledge of the task objective. This
is the key ingredient which, when lacking, causes members of the same team to pull in
different directions. In considering factory automation, there could be many possible
objectives. One might be to improve the performance of a specific process. Boundary
conditions would then be limited to that process (as well as other processes that might
be affected by increased output, such as material supply and assembly after
production). Another objective might be to minimize cost in a segment of the operation,
while a third might be profit maximization; obviously it is rare that such multiple
objectives can all be optimized, even though politicians seem to think so when it comes
close to election day. When considering moving to a computer integrated manufacturing
operation, the objective would probably be related to being competitive, a problem that
manufacturing plants are having at the micro level and a situation that is almost
catastrophic for the nation at the macro level.
Setting system boundaries for a CIM project might at first appear to be concerned only
with the engineering design and actual manufacture of the products. While the
integration of these two components is a major task which is not satisfied in most of the
facilities, CIM goes beyond these activities.

1.5 Definition of CIM
Joel Goldhar, Dean, Illinois Institute of Technology gives CIM as a computer system in
which the peripherals are robots, machine tools and other processing equipment.
Dan Appleton, President, DACOM, Inc. defines CIM is a management philosophy, not a
turnkey product.
Jack Conaway, CIM Marketing manager, DEC, defines CIM is nothing but a data
management and networking problem.
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The computer and automated systems association of the society of Manufacturing
Engineers (CASA/SEM) defines CIM is the integration of total manufacturing enterprise
by using integrated systems and data communication coupled with new managerial
philosophies that improve organizational and personnel efficiency.

Dr. J. Harrington, Jr. introduces the concept of Computer Integrated Manufacturing
(CIM) in the year 1973. He demonstrated the integration approach to an enterprise.
Keeping in mind the current and future market trend for customized product and in order
to stand in the competitive edge over long time, virtual organizations are used as an
important weapon. Hence, in order to achieve corporate goal and objectives, integration
approach is required for customer as well as suppliers. CIM, in general, may be defined
as follows :

CIM is the integration of total manufacturing enterprise through the use of integrated
system and data communication mixed with new managerial philosophies which results
in the improvement of personnel or organizational efficiencies.

From the definition mentioned above, the ultimate goal of CIM is the integration of all
the enterprise operation and activities around a common data collection. In this context,
society of manufacturing engineers (SME) introduces the CIM wheel, which gives a
clear cut picture of relationship among all parts of the enterprise. Outer layer constitutes
of general management which includes marketing, strategic planning, finance,
manufacturing management and human resource management. The middle layer
consists of three process segments: product and process determination, manufacturing
planning and control, and factory automation. These process segments represent all the
activities in the design and manufacturing phase of a product life cycle taking the
product from concept to assembly. The center of wheel represents the third layer which
includes information resources management and common database. Table 1 depicts
that fall under the broad purview of the components discussed so far.
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Table 1 Scope of Computer-Integrated Manufacturing
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1.6 Operational Flow within CIM
In this section, the operational flow of functions needed to process an item through a
manufacturing facility has been briefly discussed. These operation flows within the
CAD/CAM environment have been shown by a flow chart (Fig 5). The box number in
figure refers the sequence number.

1, 2. All planning must be the function of known customer orders and sales forecasts. If
expected demand are not known/or estimated, the enterprise will be working in a
vacuum.

3. Management decisions depend on expected orders leading to long-term order
requirement that must be satisfied by either production or by subcontracting to outside
sources (vendors).

4. A relatively low term evaluation of facility requirement is needed to plan which parts
can be manufactured. For example, enough machines of known capacity available, will
material be available, can we perform our needs with the current workforce, and so on.
The aggregate planning function determines what product quantities should be
produced in what time periods to satisfy the long-term requirements. The result of this
activity is called the master production schedule or master schedule. It is a schedule for
final product, not for the components that go into the final product.

5. The master schedule is affected by current status conditions, so feedback loops
come from many sources including problems that might occur with deliveries from
vendors, trouble in the shop floor, analysis that reveals demands cannot be satisfied
due to capacity problems, lack of vendors, and so on.

6. The material requirements planning (MRP) function takes into consideration the
current inventory levels for all components needed to make the final products (a plant
might have 20,000 part numbers and perhaps 100 final products for which master
schedules have been determined) as well as the components‟ bills-of-materials and
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lead time information (obtained from design and process planning data) and evolves
component master schedules for all components according to the demand requirements
agreed upon. MRP does not take into account whether manufacturing has sufficient
capacity to handle the job releases, therefore capacity planning (6a) evaluates shop
loading in terms of the requirements and feedback to the master schedule for corrective
actions if any problems occur. A further function of MRP based on such analysis is
determining whether components should be produced in-house (6b) or subcontracted to
outside vendors (6c).

7. Computer aided design is the function that must be completed after a demand for a
product has been determined. Thus, the sequence in which it is discussed in this
section is not the same as that of sequence or cycle starting from customer to inception
through design, manufacturing, assembly and testing, and back to the customer. The
design engineer cannot talk in the same terms as the manufacturing engineer. For
example, lines, splines, circles, and arcs come under geometrical design whereas
pockets chamfer, holes and so on come under manufacturing design. Process planning
function is to accomplish the language transition from design to manufacturing.

8. Some of the functions carried out by process planning modules are as :
(a) Sequence of operations required to manufacture a part
(b) Assessing the time requirement to complete the operations.
(c) Determining the type of machines and tooling required.
(d) Enumerate tolerance stacking problems that are credited due to multiple
cuts/multiple components related to a part type.

The profitability and non-profitability of a part being manufactured can be ensured by
the process planning function because it takes into account the several ways in which a
part being manufactured. In order to achieve a detailed schedule, the information
related to process planning is fed into MRP analysis and also in the shop floor
scheduling (6b). This step may result in the production of a detailed schedule for
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machines, tooling, fixtures, people and material handling devices, etc. To avoid the
damage, all these have to come together at the right time.

Fig 5: Flow of Operations in CIM

9. Dispatching is the function of releasing all required items needed to perform an
operation on a part so that part production must be completed within the schedule time.

10. Production and assembly is accomplished through local control computers and /or
programmable controllers.
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11. At last, shop floor information system is responsible for getting the required
information passed to the downstream entities such as processing equipment, local
controllers and sequencing controllers, etc. In this way, real time status records are
captured from the various equipments, machines and parts to activate feedback tools so
as to ensure the correction or normal continuation of operations in the desired manner.

1.7 Computer Aided Manufacturing
The effective use of computer technology in manufacturing planning and control is
known as computer aided manufacturing (CAM). Manufacturing engineering functions
such as process planning and numeric control (NC) are included in CAM. The
application of CAM is divided in two categories:
(i) Manufacturing planning, and
(ii) Manufacturing control.

Manufacturing Planning
The applications of CAM in manufacturing planning are those in which computers are
used directly to support the production function, but there is no direct connection
between the computer and the process. The computer is used “offline” to provide
information for the effective planning and management of the production activities. The
following list surveys the application of CAM in this category:

Computer Aided Process Planning (CAPP)
The route sheets listing the operation sequences and workstations required for
manufacturing the products and its components are prepared in process planning.
These route sheets are prepared now a days using CAPP.

Computer Assisted NC Part Programming
Computer assisted part programming represents a method to generate the control
instructions for the machine tools for complex geometries rather than manual part
programming. Part Programming for NC machines is step by step instructions according
to which tool movements on the part for metal removal is carried out.
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Computerized Machinability Data System
Determination of speed and feed in metal cutting for the given machine tools is a major
problem. Computer program is written to propose the suitable condition to use for
different materials. Estimation of tool life needs information about material of tools and
workpiece, speed, feed and depth of cut etc. As per the cutting conditions, such
calculations are to be repeated. Therefore, application of computers for such purposes
may assist process planner to a great extent.

Development of Work Standard
Responsibility for setting time standards on direct labour jobs performed in the factory is
taken by time study department. It is a very tedious and time consuming task to
establish standards by direct time study. There are several computer packages also
available in market for setting up the work standards. These computer programs use
standard time data that have been developed for basic work element that comprise any
manual task. By summing the times for the individual elements required to perform a
new job, the program calculates the standard time for the job.

Cost Estimating
In many industries, cost estimation of a new product is being simplified by
computerizing several key steps needed to prepare the estimate. Suitable labour and
overhead rates are applied with the help of the computer programs to the sequence of
planned operations involved in the components of new products. Individual components
cost which range from the engineering bill of the materials to determine the overall
product cost is summed up by the program.

Production and Inventory Planning
Extensive application in many of the functions in inventory planning and production
control is being executed by the computer. The aforementioned functions are
maintenance of inventory records, automatic recording of stock items in the case when
inventory is depleted, production scheduling, maintaining current priorities for the
different production orders material requirements planning, and capacity planning etc.
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Computer Aided Line Balancing
It is a very tough job to find the best allocation of work elements among stations on an
assembly line if the line is of significant size. The problems are solved with the help of
computer program.

Manufacturing Control
Another category of CAM application is development of computer supported system for
implementing the manufacturing control functions. These control functions manage and
control the physical operation in the factory. These functions are as follows:

Process Monitoring and Control
Process monitoring and control concerned with observing and regulating the production
equipment of manufacturing processes in the plant. The applications of the process
control are absorbed in automated production system. Which includes the example
cases like transfer line assembly system, NC, robotics, material handling and flexible
manufacturing systems. All these will be discussed later on. Process monitoring and the
control functions are deployed to regulate the actions of various production equipments.
Some of the well known control systems used in the industry are as follows.

Quality Control
There are varieties of approaches that insure highest possible quality level in the
manufacturing system and products and these are included in quality control.

Shop Floor Control
Production management techniques for collecting data from factory operations and
using these data to help control production and inventory in the factory comes under
shop floor control. Shop floor control and computerized factory data collection systems
are discussed in detail later on.
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Inventory Control
The important thing about inventory control is that it maintains the most appropriate
level of inventory in the face of two opposing objectives: minimizing the investment and
storage cost of holding inventory and maximizing service to customer.

Just in Time Production System
A production system that is planned to deliver exactly the right number of each
component to downstream workstations in the manufacturing sequence just at the time
when that component is needed is known as just in time production system. This term
is applicable to production operation and supplier delivery operation.

1.8 Functions of Computer in CIMS


Machine Control –CNC

Fig. 6 Schematic diagram of CNC


Direct Numerical Control (DNC) - Amanufacturing system in which a number of

m/c are controlled by a computer through direct connection & in real time.
Consists of 4 basic elements:


Central computer



Bulk memory (NC program storage)



Telecommunication line



Machine tools (up to 100)
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Fig. 7 Schematic representation of Direct Numerical Control


Production Control - This function includes decision on various parts onto the
system.
Decision is based on:



production rate/day for the various parts



Number of raw work parts available



Number of available pallets



Traffic & Shuttle Control - Refers to the regulations of the primary & secondary
transportation systems which move parts between workstation.



Work Handling System Monitoring - The computer must monitor the status of
each cart & /or pallet in the primary & secondary handling system.



Tool Control



Keeping track of the tool at each station



Monitoring of tool life



System Performance Monitoring & Reporting - The system computer can be
programmed to generate various reports by the management on system
performance.



Utilization reports - summarize the utilization of individual workstation as well as
overall average utilization of the system.
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Production reports - summarize weekly/daily quantities of parts produced from a
CIMS (comparing scheduled production vs. actual production)



Status reports - instantaneous report "snapshot" of the present conditions of the
CIMS.



Tool reports - may include a listing of missing tool, tool-life status etc.



Manufacturing data base



Collection of independent data bases



Centralized data base



Interfaced data base



Distributed data base

Fig. 8 Functions of Computer in CIM

1.9 Development of CIM
CIM is an integration process leading to the integration of the manufacturing enterprise.
Fig 9 indicates different levels of this integration that can be seen within an industry.
Dictated by the needs of the individual enterprise this process usually starts with the
need to interchange information between the some of the so called islands of
automation.Flexible manufacturing cells, automatic storage and retrieval systems,
CAD/CAM based design etc. are the examples of islands of automation i.e. a sort of
computer based automation achieved completely in a limited sphere of activity of an
enterprise. This involves data exchange among computers, NC machines, robots,
gantry systems etc. Therefore the integration process has started bottom up. The
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interconnection of physical systems was the first requirement to be recognized and
fulfilled.

Fig. 9 Levels of Integration against Evolution of CIM

The next level of integration, application integration in Fig 6 is concerned with the
integration of applications, the term applications being used in the data processing
sense. The applications are those which are discussed under the heading CIM
hardware and software. Application integration involves supply and retrieval of
information, communication between application users and with the system itself. Thus
the application integration level imposes constraints on the physical integration level.
There has to be control of the applications themselves also.

1.10. Benefits of CIM There are four basic techniques to determine what the tangible benefits from any capital
investment, including CIM, are to a business
1. Payback period
2. Return on investment
3. Net present value
4. Internal rate of return.
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These are traditional financial formulas which management can use to determine the
value of CIM to the company. However, the justification process for advanced
manufacturing technologies in CIM must be viewed differently from the traditional
process for three reasons:
a. Project Size. CIM investments are projects without ends. Investments made today
eventually will be replaced by new technology. Most benefits from CIM accrue with time
as advances in both hardware and software take hold.
b. Project components. Since CIM requires various successful installations of advanced
manufacturing technology, benefits will accrue due to the synergism of various pieces
on the shop floor. The integration of advanced manufacturing technology long term is
what makes CIM a self-liquidating expense.
c. Identification of CIM soft benefits. The installation of advanced manufacturing
technology in a manufacturing environment can provide significant intangible benefits
that traditional financial justification methods don't recognize. The benefits most often
cited by business executives are reduced manufacturing costs, improved flexibility on
the shop floor, responsiveness to the market, improved product quality, improved
product design, small lot manufacturing, reduced inventories, and optimal customer
service.
While these benefits are hard to quantify, they can reduce operating costs, improve
customer relations, and stimulate sales. The key to evaluating these soft benefits is to
understand that a CIM environment allows for fewer levels of management and
therefore provides for better use of the business's assets, both human and mechanical.
The result for the company is improved decision making and significantly improved
profitability.
Computer integrated manufacturing, by joining all the functional areas in the business,
can provide a variety of automated services in the factory. For businesses to remain
competitive, advanced manufacturing technologies must characterize the factory of the
future. In this regard, computer integrated manufacturing have many applications:

Order management: CIM allows for faster delivery and responsiveness to customers
and to customer orders through electronic data interchange. In essence, customers will
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electronically secure and lock in supplier capacity for the product. Additionally, a
business will be able to respond to inquiries from its customers instantaneously through
electronic data interchange. Being able to respond to customers with rapid information
will result in extra business, retaining customers, and getting closer to the customer.

Computer-aided design (CAD). Through CAD, CIM allows the computer to assist in
minute details and specifications of a customer order or to simulate variations of the
order.
Manufacturing resource planning (MRP II): This allows the production schedule to be
simulated and integrated using one information base to direct the operations on the
plant floor to balance supply and demand.
Computer technology: CIM allows different hardware to be integrated to communicate
with one another (open system). It provides a database foundation for both artificial
intelligence and expert systems.
Computer-aided manufacturing (CAM): CAM allows for factory machinery to be
programmed through numeral controls (NC) tape preparation and computer numerical
control (CNC).

Robotics: Robotics allow for the minimization of human activity in the areas of pick/pack,
excessive lifting, transportation, and repetitive manufacturing operations.
Automated guided vehicle systems (AGV's). AGV's allow for driverless forklifts and
automated storage and retrieval systems. As JIT becomes more imbedded in future
manufacturing disciplines, the role of computerized material-bundling equipment will
become more vital.
Group technology: Allows for the coding and classification system to group various
families of parts or activities, and to aid in both inventory use and part standardization.

Vendor scheduling: CIM provides for improved scheduling of customer orders to
improve delivery and internal processing. In the future, orders will be booked directly via
electronic data interchange into a vendor’s upcoming production schedule.
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Although this is just a partial list of the uses for computer integrated manufacturing in
the factory, it shows that CIM is much more than a means of computers controlling
machines.

1.11 Principles of CIM
For CIM to be successful businesses must consider the following five fundamental
issues involved:
> People and their crucial contribution to manufacturing
> Top management's commitment to the philosophy
> CIM should be put in the context of a well-defined business
Strategy or vision
> The technology plan, the system architecture for cim, must
Include all elements of the company
> It is extremely important when choosing suppliers to access both
The breadth and depth of their support capabilities

People and their crucial contribution to manufacturing "Manufacturing, in general, has not done a very good job of understanding how you link
the people and the process into this CIM In the past, CIM projects became automated
disasters because management became enamored with the technology and computer
side of the program. They completely forgot about the people side and neglected to
incorporate people into the development process. Information technology will reshape
every company that survives through the 90s. However, businesses will not be able to
incorporate technology advances if they do not find a way to make workers comfortable
with computers. Additionally, workers will not have the requisite skills and abilities to
succeed and advance if they are not able to work with computers.
Almost every white-collar job in America requires some level of familiarity with
computers. Additionally, it is estimated that 75% of industrial workers also need at least
elementary computer skills. Management must understand what enables workers at any
skill level to be able to master their computers. Companies that have transformed their
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work forces with technology have distilled a set of principles that apply equally to
workers on an assembly line or in the front office. These principles include the following:
 Think of How to Empower Your Workers, Instead Of Dumping
 Technology on Them- The most advanced enterprises have realized that they have
got to deal with the people side at the same time they deal with the technology.
 Listen to Your Employees When Designing a System (Bottom Up) -Managers of
highly automated operations are unanimous, if you don't involve the users, you will
develop the wrong system. Nobody understands the job like the people who do it.
They can tell you how to design the tools that will let them work more efficiently.
They will trust new technology more if they had a say in it and knew it was coming.
The company wins more commitment from its workers when they feel their
contributions were valuable in the design of the system.
 Understand and Communicate Your Business Objectives- Employees will accept
and learn new technologies if they understand their importance. Fancy computers
seldom make much difference in productivity if workers do not understand how the
technology helps achieve business goals. It is important to see new technology as
only part of a total vision of changed organizations. Therefore, management must
look at the information employees need, the materials they need, the incentives they
need, and all other aspects of the business, not just automating.
 Teach Your Employees by Helping Them Improve Their Performance-The most
important aspect of incorporating new technology is learning to do the job better, not
learning how to operate the computer. Traditional classroom instruction is seldom
the best way to go. The most useful training comes only when workers need it.

Three common approaches are:
a - Mentors, other employees in the organization who know a little more than most, who
can help others when questions arise.
b - On-line help programs within the software.
c - Simultaneous interactive video training for workers.
 Don't Ignore the Generation Gap - People who grew up in the Nintendo generation
have an advantage over their elders. These younger workers adapt more readily to
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technological incorporation into the workplace. Conversely, big-time computer
klutzes may slip in the pecking order if they can't handle the new technology deftly.
Some companies introduce workers to computers by using computer games to
make them comfortable interacting with a screen. To implement CIM you have to
design technology that is usable by people. If people do not use the systems, you
might as well throw them away. According to Lee Sage, national director of
automotive services at Ernst & Young, "it became apparent that the manufacturing
companies that were doing the best job were those that didn't necessarily have the
best technology. What they had was a heavy orientation towards people.
 Top Management's Commitment to the Philosophy - "The biggest obstacle to CIM
implementation...is getting the necessary cross-functional and senior-management
support for the fundamental change required to implement CIM across the business.
The most important part of successful technological integration is top management
commitment and participation. It is estimated that technological illiteracy at the top
plagues 90% of American companies. Yet there is no better way to get middle
management and supervisors to use computerized tools than to let them see the
boss using it first. Therefore, the first worker who has to be brought up to technospeed is the person on top. In many cases, the major stumbling block to
implementation of CIM is a lack of familiarity with the technologies at the upper
levels of management. "Of the company presidents, chairmen, and CEOs who
responded to a Industry Week survey, 58.3% said they are only 'vaguely familiar'
with CIM technologies".
 CIM should be put in the Context of a Well-Defined Business Strategy or Vision The most important elements of CIM are the business processes and strategies that
are developed to support it. They are what drive the whole process. Secondary to all
of that is the computer hardware and software. In order for CIM to function properly,
it must significantly advance the company's ability to improve quality, increase
productivity, provide flexibility in lot sizes and schedules, reduce costs, and help
shorten the time it takes to get products designed and to the market. "CIM should
never be viewed as being the objective or ultimate goal. The purpose of undertaking
the CIM journey is not to have a CIM system. Rather, the purpose of implementing
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CIM is to help the firm survive by developing a distinctive corporate advantage
through its manufacturing capabilities. To this end, CIM requires, as a prerequisite, a
well-developed, well understood, and widely known corporate strategy. The entire
company needs to be represented in CIM planning. Walls and boundaries between
departments and functions must come down. Making CIM an integral part of the
overall business strategy and involving people from all parts of the company in
planning for CIM will greatly enhance its chances for success. "The thing that most
people missed in implementing CIM is the fact that, by itself, CIM isn't enough. The
critical missing piece is the concept of an enterprise strategy, which repositions your
company to do that which it does best. Many executives are still sorting out their
definitions of CIM and its functional role in the overall operation of the business.
There has been a gradual shift in thinking in recent years away from a strict
technology focus and towards an overall business strategy focus. Managers are
asking themselves what are their business objectives and how does CIM fit into
these objectives. However, according to an Industry Week Magazine poll, only
32.9% of managers report that their companies have a long-term strategy for
implementing CIM. The lack of long-term strategies may have an explanation in the
fact that information technologies have been mushrooming at a rapid pace, and
manufacturing planners are faced with an unmanageable array of new hardware and
software applications. Additionally, the trend toward open-system computing and its
implications for selection of computer systems is not fully understood by the top-level
executives who will eventually make the go/no-go decisions regarding technology
purchases.
 The Technology Plan, the System Architecture for CIM, must include all Elements of
the Company--The ideal system architecture for CIM will ensure that information can
flow where it is needed when it is needed. It must also be flexible enough to be
adaptable to the changing needs business and rapidly advancing technologies, while
protecting the value of existing investments in the system and technology. Overall,
many manufacturing businesses have not been extremely successful at integrating
people, processes and functions into an overall CIM concept. "What we are really
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talking about is going beyond CIM to computer-integrated business management,
and hitting on all the key things you need to do to succeed as a business.
 It is extremely important when Choosing (Hardware and Software System) Suppliers
to Access both The Breadth and depth of their Support Capabilities-- In today's
marketplace, a business must look beyond products and pricing when selecting
suppliers. Slow start-up, downtime, and other production-related problems cut the
very heart out of profitability, and can greatly reduce any competitive advantage
attained with CIM. Manufacturing companies must look for supplier-support
capabilities that include: application engineering, training, installation and start-up,
coordination with the equipment manufacturer, proper documentation, maintenance,
repair-return depots, phone support, on-line system support, and emergency
service. Support should be available 24 hours a day, seven days a week, year
around. If the company is global, the supplier's ability to support world-wide
operations must be taken into consideration prior to the purchase decision.

1.12 Objectives and Implementation of a CIM System
The overall job of computer integrated manufacturing strategic planning requires a
comprehensive look at the process equipment, facilities, personnel structure and roles,
plus the scheduling and control requirements. Implementation of CIM requires the
development of a CIM master plan, which encompasses a critical look at the current
plant scheduling and control hierarchy (if in an existing facility), a detailed description of
the desired plant scheduling and control system hierarchy, and a plan to manage the
transition from the current state to the desired future state. This plan must incorporate
all functions of the operation (marketing, personnel, engineering, etc.) in their
relationships to manufacturing and production control. In order to provide for the overall
objectives must be defined of the organization, objectives for the various technology
systems expected to be required to meet the business's long range needs. These
systems include database management systems, communications networks, process
controls, process optimization, and process improvement and decision support systems.
Database management systems should be open in nature and must interconnect,
interrelate, and integrate all department and area databases of the business, including
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corporate, division, research, and marketing strategies, as well as plant operations and
production control. Communication networks must provide plant-wide information
exchanges with appropriate interactive work stations and permit ready access to plant
information by all users of the data. Additionally, they must provide for intra-plant, intradivision, and intra-organization communication as needed. Process control must make
computer automated control available in all areas of the manufacturing process. In
addition, the technology must expand the scope of conventional control to include the
following supporting goals:
a. Minimize the manual entry and recording of all measurements and operational
decisions to minimize errors and expedite data acquisition.
b. Simplify the conducting of economic and operational studies to permit quick analysis
of unusual operating conditions.
c. Increase the process and system engineer's productivity through readily accessible,
efficient and comprehensive analysis and design tools.
d. Increase the scope and interactive access to history data to permit thorough analysis
of process and operational problems.
e. Expedite the process of system expansion and growth. Process optimization must
permit the expansion of efforts in simulation, optimization, and scheduling of process
operations. Process improvement must make use of the available plant-wide
information to modify the overall process so as to reduce the number of rejects which
are produced. After completion of the objectives analysis the major steps in the
implementation of a CIM system are:
i. Analysis of the existing manufacturing system (if existing plant) or new facility design
for compatibility with CIM technology.
ii. Analysis of the existing and proposed management and personnel structure for the
plant in view of its compatibility with the proposed CIM system.
iii. Development of the system master plan for designing and implementing the CIM
scheduling and control hierarchy.
iv. Develop expected systems costs and project timing in conjunction with systems
benefits and projections, thereby establishing justification concerning systems costs and
anticipated payout.
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v. Iterate the steps outlined above until acceptance is obtained from all personnel
concerned and company justification criteria is satisfied.
vi. Implement and execute system master plan
vii. Follow up and adjust as necessary.

Summary: Computer integrated manufacturing (CIM) is a broad term covering all
technologies and soft automation used to manage the resources for cost effective
production of tangible goods.


Integration – capital, human, technology and equipment



CIM – This orchestrates the factors of production and its management.

Computer Aided Design (CAD)
Computer Aided Manufacturing (CAM)
Flexible

Manufacturing Systems

(FMS)

Computer Aided Process Planning (CAPP)


CIM is being projected as a panacea for Discrete manufacturing type of
industry, which produces 40% of all goods.

“CIM is not applying computers to the design of the products of the company. That is
computer aided design (CAD)! It is not using them as tools for part and assembly
analysis. That is computer aided engineering (CAE)! It is not using computers to aid the
development of part programs to drive machine tools. That is computer aided
manufacturing (CAM)! It is not materials requirement planning (MRP) or just-in-time
(JIT) or any other method of developing the production schedule. It is not automated
identification, data collection, or data acquisition. It is not simulation or modeling of any
materials handling or robots or anything else like that. Taken by themselves, they are
the application of computer technology to the process of manufacturing. But taken by
themselves they only crate the islands of automation.”
-

Leo Roth Klein, Manufacturing Control systems, Inc.
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Definition of CIM:
It describes integrated applications of computers in manufacturing. A number of
observers have attempted to refine its meaning:
One needs to think of CIM as a computer system in which the peripherals, instead of
being printers, plotters, terminals and memory disks are robots, machine tools and
other processing equipment. It is a little noisier and a little messier, but it’s basically a
computer system.
-

Joel Goldhar, Dean, Illinois Institute of Technology

CIM is a management philosophy, not a turnkey computer product. It is a philosophy
crucial to the survival of most manufacturers because it provides the levels of product
design and production control and shop flexibility to compete in future domestic and
international markets.

- Dan Appleton,

President, DACOM, Inc.

CIM is an opportunity for realigning your two most fundamental resources: people and
technology. CIM is a lot more than the integration of mechanical, electrical, and even
informational systems. It’s an understanding of the new way to manage.
Charles Savage, president, Savage Associates

-

CIM is nothing but a data management and networking problem.
-

Jack Conaway, CIM marketing manager, DEC

The preceding comments on CIM have different emphases (as highlighted).
An attempt to define CIM is analogous to a group of blind persons trying to
describe an elephant by touching it.
“CIM is the integration of the total manufacturing enterprise through the use of
integrated systems and data communications coupled with new managerial
philosophies that improve organizational and personnel efficiency.”
- Shrensker, Computer Automated

Systems Association

of the

Society

of

Manufacturing Engineers (CASA/SME)
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Concept or Technology
“Some people view CIM as a concept, while others merely as a technology. It is
actually both. A good analogy of CIM is man, for what we mean by the word man
presupposes both the mind and the body. Similarly, CIM represents both the concept
and the technology. The concept leads to the technology which, in turn, broadens the
concept.”
- According to Vajpayee
The meaning and origin of CIM
The CIM will be used to mean the integration of business, engineering,
manufacturing and management information that spans company functions from
marketing to product distribution.

The changing and manufacturing and management scenes
The state of manufacturing developments aims to establish the context within
which CIM exists and to which CIM must be relevant. Agile manufacturing, operating
through a global factory or to world class standards may all operate alongside CIM.
CIM is deliberately classed with the technologies because, as will be seen, it has
significant technological elements. But it is inappropriate to classify CIM as a single
technology, like computer aided design or computer numerical control.

External communications
Electronic data interchange involves having data links between a buying
company’s purchasing computer and the ordering computer in the supplying company.
Data links may private but they are more likely to use facilities provided by telephone
utility companies.

Islands of automation and software
In many instances the software and hardware have been isolated. When such
computers have been used to control machines, the combination has been termed an
island of automation. When software is similarly restricted in its ability to link to other
software, this can be called an island of software.
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Dedicated and open systems
The opposite of dedicated in communication terms is open. Open systems
enable any type of computer system to communicate with any other.

Manufacturing automation protocol (MAP)
The launch of the MAP initiates the use of open systems and the movement
towards the integrated enterprise.

Product related activities of a company
1. Marketing


Sales and customer order serviceing

2. Engineering


Research and product development



Manufacturing development



Design



Engineering release and control



Manufacturing engineering



Facilities engineering



Industrial engineering

3. Production planning


Master production scheduling



Material planning and resource planning



Purchasing



Production control

4. Plant operations


Production management and control



Material receiving



Storage and inventory



Manufacturing processes
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Test and inspection



Material transfer



Packing, dispatch and shipping



Plant site service and maintenance

5. Physical distribution


Physical distribution planning



Physical distribution operations



Warranties, servicing and spares

6. Business and financial management


Company services



Payroll



Accounts payable, billing and accounts receivable
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2. Introduction to Process Planning
Process planning is concerned with determining the sequence of individual
manufacturing operations needed to produce a given part or product. The resulting
operation sequence is documented on a form typically referred to as operation sheet.
The operation sheet is a listing of the production operations and associated machine
tools for a work part or assembly. Process planning is an important stage of product
development since production tooling like jigs, fixtures, special tools etc. can be
designed only after the process is finalized.

Role of process planning
1. Interpretation of product design data
2. Selection of machining processes.
3. Selection of machine tools.
4. Determination of fixtures and datum surfaces.
5. Sequencing the operations.
6. Selection of inspection devices.
7. Determination of production tolerances.
8. Determination of the proper cutting conditions.
9. Calculation of the overall times.
10. Generation of process sheets including NC data.

Approaches to Process planning
1. Manual approach
2. Variant or retrieval type CAPP system
3. Generative CAPP system

CAPP and CMPP (Computer Managed Process Planning)
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2.1 Process Planning
Manufacturing planning, process planning, material processing, process engineering
and machine routing are a few titles given to the topic referred to here as process
planning. Process planning is that function within a manufacturing facility that
establishes which machining process and process parameters are to be used to convert
a work material (blank) from its initial form (raw material) to a final form defined by an
engineering drawing. Process planning is a common task in small batch, discrete parts
metal working industries. The process planning activity can be divided into the following
steps:
• Selection of processes and tools
• Selection of machine tools/Manufacturing equipment
• Sequencing the operations
• Grouping of operations
• Selection of work piece holding devices and datum surfaces (set ups)
• Selection of inspection instruments
• Determination of production tolerances
• Determination of the proper cutting conditions
• Determination of the cutting times and non-machining times (setting time, inspection
time) for each operation
• Editing the process sheets.

All the information determined by the process planning function is recorded on a sheet
called process plan. The process plan is frequently called an operation sheet, route
sheet or operation planning sheet. This provides the instructions for the production of
the part. It contains the operation sequence, processes, process parameters and
machine tools used. Fig 9.1 shows a typical process planning sheet.
In conventional production system, a process plan is created by a process planner. It
requires a significant amount of time and expertise to determine an optimal routing for
each new part design. However, individual engineers will have their own opinions about
what constitutes the best routing. Accordingly there are differences among the operation
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sequences developed by various planners. Efficient process planning requires the
service of experienced process planners.
Because of the problems encountered with manual process planning, attempts have
been made in recent years to capture the logic, judgment and experience required for
this important function and incorporates them into computer programmes. Based on the
features of a given part, the program automatically generates the sequence of
manufacturing operations. The process planning software provides the opportunity to
generate production routings which are rational, consistent and perhaps even optimal.

It has the following advantages:
i. Reduces the skill required of a planner.
ii. Reduces the process planning time.
iii. Reduces the process planning and manufacturing cost.
iv. Creates more consistent plans.
v. Produces more accurate plans.
vi. Increases productivity.
The current approaches for computer aided process planning can be classified into two
groups:
i. Variant
ii. Generative

2.2 Structure of a Process Planning Software
Fig. 10 represents the structure of a computer aided process planning system. In Fig.
10 the modules are not necessarily arranged in the proper sequence but can be based
on importance or decision sequence. Each module may require execution several times
in order to obtain the optimum process plan. The input to the system will most probably
be a solid model from a CAD data base or a 2-D model. The process plan after
generation and validation can then be routed directly to the production planning system
and production control system.
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Fig. 10 Structure of a Computer Aided Process Planning System

2.3 Information required for Process Planning
The geometric model of the part is the input for the process planning system. The
system outputs the process plan (Fig. 11). The input to the process planning system
may be engineering drawing or CAD model. The other prerequisites for process
planning are given below:
- Parts list
- Annual demand/batch size
- Accuracy and surface finish requirement (CAD Database)
- Equipment details (Work centre Database)
- Data on cutting fluids, tools, jigs & fixtures, gauges
- Standard stock sizes
- Machining data, data on handling and setup
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Fig. 11 Activities in Process Planning

In a computerized process planning system a formal structure and a knowledge
database are required in order to transform the engineering design information into the
process definition. A brief description of the operation of a computer aided process
planning software is given in the following section.

2.4 Methods of Computer Aided Process Planning
The ultimate goal of a system is to integrate design and production data into a system
that generates useable process plans. As already mentioned there are two approaches:
i. Variant process planning
ii. Generative process planning
 Variant Process Planning
A variant process planning system uses the similarity among components to retrieve the
existing process plans. A process plan that can be used by a family of components is
called a standard plan. A standard plan is stored permanently with a family number as
its key. A family is represented by a family matrix which includes all possible members.
The variant process planning system has two operational stages:
• A preparatory stage and
• A production stage.
During the preparatory stage, existing components are coded, classified, and
subsequently grouped into families. The process begins by summarizing process plans
already prepared for components in the family. Standard plans are then stored in a data
base and indexed by family matrices (Fig. 12).
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Fig. 12 Process Family Matrix

The operation stage occurs when the system is ready for production. An incoming part
is first coded. The code is then input to a part family search routine to find the family to
which the component belongs. The family number is then used to retrieve a standard
plan. Some other functions, such as parameter selection and standard time
calculations, can also be added to make the system more complete (Fig. 13). This
system is used in a machine shop that produces a variety of small components.

Fig. 13 Part Search and Retrieval

Design of Variant Process Planning System
The following are the sequences in the design of a variant process planning system:
i. Family formation
ii. Data base structure design
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iii. Search algorithm development and implementation
iv. Plan editing
v. Process parameter selection/updating
 Family Formation

Part family classification and coding were discussed earlier. This is based on the
manufacturing features of a part. Components requiring similar processes are grouped
into the same family. A general rule for part family formation is that all parts must be
related. Then, a standard process plan can be shared by the entire family. Minimum
modification on the standard plan will be required for such family members.

Data Base Structure Design
The data base contains all the necessary information for an application, and can be
accessed by several programs for specific application. There are three approaches to
construct a data base: hierarchical, network, and relational.

Search Procedure
The principle of a variant system is to retrieve process plans for similar components.
The search for a process plan is based on the search of a part family to which the
component belongs. When, the part family is found, the associated standard plan can
then be retrieved. A family matrix search can be seen as the matching of the family with
a given code. Family matrices can be considered as masks. Whenever, a code can
pass through a mask successfully, the family is identified.

Plan Editing and Parameter Selection
Before a process plan can be issued to the shop, some modification of the standard
plan may be necessary, and process parameters must be added to the plan. There are
two types of plan editing: One is the editing of the standard plan itself in the data base,
and the other is editing of the plan for the component. For editing a standard plan, the
structure of the data base must be flexible enough for expansion, additions, and
deletions of the data records.
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A complete process plan includes not only operations but also process parameters. The
data in the process parameter files are linked so that we can go through the tree to find
the speed and feed for an operation. The parameter file can be integrated into variant
planning to select process parameters automatically.
 Generative Process Planning
Generative process planning is a system that synthesizes process information in order
to create a process plan for a new component automatically. In a generative planning
system, process plans are created from information available in manufacturing data
base without human intervention. Upon receiving the design model, the system can
generate the required operations and operation sequences for the component.
Knowledge of manufacturing must be captured and encoded into efficient software. By
applying decision logic, a process planner’s decision making can be imitated. Other
planning functions, such as machine selection, tool selection, process optimization, and
so on, can also be automated using generative planning techniques. The generative
planning has the following advantages:
i. It can generate consistent process plans rapidly.
ii. New process plans can be created as easily as retrieving the plans of existing
components.
iii. It can be interfaced with an automated manufacturing facility to provide detailed and
up-to-date control information.
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Fig. 14 shows the modular structure of a generative CAPP system.

The generative part consists of:
• Component representation module
• Feature extraction module
• Feature process correlation module
• Operation selection and sequencing module
• Machine tool selection module
• Standard time / cost computation module
• Report generation module
In order to generate a more universal process planning system, variables such as
process limitations, and capabilities, process costs and so on, must be defined at the
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planning stage. Several of methods have been proposed for creating generative
process plans. A few methods that have been implemented successfully are:
i. Forward and backward planning
ii. Input Format
iii. CAPP based on CAD models
iv. CAPP based on decision logic either using decision trees or decision tables
v. CAPP based on artificial intelligence

Forward and Backward Planning
In generative process planning, when process plans are generated, the system must
define an initial state in order to reach the final state (goal). The path taken represents
the sequence of processes. For example, the initial state is the raw material and the
final state is the component design. Then a planner works in modifying the raw
workpiece until it takes on the final design qualities. This is called forward planning.
Backward planning uses a reverse procedure. Assuming that we have a finished
component, the goal is to go back to the un-machined workpiece. Each machining
process is considered a filling process. Forward and backward planning may seem
similar. However they influence the programming of the system significantly. Planning
each process can be characterized by a precondition of the surface to be machined and
a post condition of the machining (the end result). For forward planning, we must know
the successor surface before we select a process, because the post condition of the
first process becomes the precondition for second process. Backward planning
eliminates this problem since it begins with the final surfaces from and processes are
selected to satisfy the initial requirements. In forward planning, the steps to obtain the
final surface with the desirable attributes must be carefully planned to guarantee the
result. On the other hand, backward planning starts with the final requirements and
searches for the initial condition.

2.5 Process Planning Systems
The majority of existing process planning systems is based on variant process planning
approach. Some of them are: CAPP, MIPLAN, MITURN, MIAPP, UNIVATION,
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CINTURN, COMCAPPV, etc. However, there are some generative system, such as
METCAPP, CPPP, AUTAP, and APPAS. Some of the planning systems are discussed
in the following paragraph. These are systems continuously evolving in many cases.
The descriptions are therefore only approximate.

CAM-I CAPP
The CAM-I (Computer Aided Manufacturing-International) system (CAPP) is perhaps
the most widely used of all process planning systems. CAPP is a database
management system written in ANSI standard FORTRAN. It provides a structure for a
data base, retrieval logic, and interactive editing capability. The coding scheme for part
classification and the output format are added by the user. PI-CAPP, an extension of
CAPP, has its own (built-in) coding and classification system. This eliminates the
requirement of a user developed coding scheme. A typical CAPP system is shown in
Fig. 15.

Fig. 15 CAPP System

MIPLAN and MULTICAPP
Both MIPLAN and MULTICAPP were developed in conjunction with OIR (Organization
for Industrial Research). They are both variant systems that use the MICLASS coding
system for part description. They are data retrieval systems which retrieve process
plans based on part code, part number, family matrix, and code range. By inputting a
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part code, parts with a similar code are retrieved. The process plan for each part is then
displayed and edited by the user. A typical MULTICAPP system is shown in Fig. 16.

Fig. 16 MULTICAPP System

APPAS and CADCAM
APPAS is a generative system for detailed process selection. CADCAM is an example
of APPAS. CADCAM operates using a CAD “front end” to interface with APPAS.
APPAS describes the detailed technological information of each machined surface by
means of a special code. CADCAM provides an interactive graphics interface to
APPAS. Components can be modeled graphically and edited interactively.

AUTOPLAN and RPO
AUTOPLAN is generative only in the detailing of the part. The process selection and
process sequencing level do not differ significantly from CAPP or MIPLAN. The four
major modules of the system are:
i. Group technology retrieval-process plan retrieval.
ii. Graphical planning aides- tooling layout, verification and work instruction and
preparation.
iii. Generative process planning.
iv. Process optimization.
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AUTAP System
The AUTAP system is one of the most complete planning systems in use today. AUTAP
uses primitives to construct a part similar to a constructive solid geometry (CSG).
AUTAP is a system designed especially to interface with a CAD system. It can be
installed as part of an integrated CAD/CAM system.

CPPP
CPPP (computerized production process planning) was designed for planning
cylindrical parts. CPPP is capable of generating a summary of operations and the
detailed operation sheets required for production. The principle behind CPPP is a
composite component concept. A composite component can be thought of as an
imaginary component which contains all the features of components in one part family.
CPPP incorporates a special language, COPPL, to describe the process model. CPPP
allows an interactive mode whereby the planner can interact with the system at several
fixed interaction points.

GARI
GARI is an experimental problem solver which uses artificial intelligence (AI)
techniques. The unique feature of the GARI is the representation of planning
knowledge. GARI employs a production rule knowledge base to store process
capabilities.
TIPPS
Although the process planning steps have been discussed, an integrated approach to
generative process planning has yet to be presented. TIPPS is acronym for Totally
Integrated Process planning. TIPPS is generative process planning system that has
evolved from the APPAS and CAD/CAM systems. In TIPPS, the logical divisions of
process planning are broken into functional modules. TIPPS has the following features:
• It has a modular structure
• It can interact with a CAD system
• It allows for interactive surface identification
• It contains a process/knowledge description language
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Fig. 17 TIPPS

Computer Aided Process Planning (CAPP): Summary
Process planning with the aid of computer
• Process planning is concerned with the preparation of route sheets that list the
sequence of operations and work centers require to produce the product and its
components.
• Manufacturing firms try to automate the task of process planning using CAPP systems
due to many limitations of manual process planning. These includes:
– Tied to personal experience
– and knowledge of planner of production facilities, equipment, their capabilities,
process and tooling. This results in inconsistent plans.
– Manual process planning is time consuming and slow.
– Slow in responding to changes in product design and production.
• The experience of manufacturing of different engineers, who are likely to retire, can be
made available in future by CAPP.
• CAPP is usually considered to be part of CAM, however this results CAM as standalone system.
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• Synergy of CAM can be achieved by integrating it with CAD system and CAPP acts as
a connection between the two.
• Readymade CAPP systems are available today to prepare route sheets.

Fig. 18 Schematic representation of CAPP
Benefits derived from CAPP
• Process rationalization and standardization
• Increased productivity of process planners
• Reduced lead time for process planning
• Improved legibility
• Incorporation of other application programs

CAPP Model

Fig. 19 CAPP Model
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CAPP System Architecture

Fig. 20 CAPP System Architecture
Design approaches of CAPP systems
Retrieval CAPP systems/ Variant CAPP
– This has evolved out of the traditional manual process planning method. A process
plan for a new part is created by identifying and retrieving an existing plan for a similar
part, followed by the necessary modifications to adapt it to the new part.
– It is based on GT principles, i.e., part classification and coding. These coding allow
the CAPP system to select a baseline process plan for the part family and accomplish
about 90% of the planning work. The planner adds the remaining 10% of the planning
by modifying the baseline plan.
– If the code of the part does not match with the codes stored in the database, a new
process plan must be generated manually and then entered into database to create a
new baseline process plan for future use.
Advantages and limitations of Variant CAPP
– Investment in hardware and software is not much.
– The system offers a shorter development time and lower manpower consumption to
develop process plan.
– The system is very reliable and reasonable in real production environments for small
and medium size companies.
– Quality of process plan depends on knowledge and background of process planner.
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Generative CAPP
• Process plans are generated by means of decision logics, formulas, algorithms, and
geometry based data that are built or fed as input to the system.
• Format of input
– Text input (interactive)
– Graphical input (from CAD models)
• First key: to develop decision rules appropriate for the part to be processed. These
rules are specified using decision trees, logical statements, such as if-then-else, or
artificial intelligence approaches with object oriented programming.
• Second key: Finding out the data related to part to drive the planning. Simple forms of
generative CAPP systems may be driven by GT codes.
A pure generative system can produce a complete process plan from part classification
and other design data which does not require any further modification or manual
interaction.
• In generating such plans, initial state of the part (stock) must be defined in order to
reach the final state i.e., finished part.
• Forward or backward planning can be done.
• Forward and backward planning apparently appear to be similar but they effect
programming significantly. The requirement and the results in of a setup in forward
planning are the results and requirements, respectively, of the set up in backward
planning.
• Forward planning suffers from conditioning problems; the results of a setup affect the
next set up.
• In backward planning, conditioning problems are eliminated because setups are
selected to satisfy the initial requirements only.
• The generative CAPP has all the advantages of variant CAPP however it has an
additional advantage that it is fully automatic and a up-to-date process plan is
generated at each time.
• It requires major revisions if a new equipment or processing capabilities became
available.
• The development of the system in the beginning is a difficult
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What is CAPP?

Process Plan

Process Planning

Fig. 21 working principle of Process Planning
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Basic Process in developing a process plan

 Process Planning Approaches


Manual Systems



Computer Aids
 Variant System
 Experimental Generative System

Manually Prepared Process Plans
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Computer Aids

Variant (Retrieval) CAPP Methodology

Fig. 22 Variant (Retrieval) CAPP Methodology

60
jntuworldupdates.org

Specworld.in

Smartzworld.com

Smartworld.asia

Fig. 23 Variant CAPP procedure
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Generative CAPP Methodology

Knowledge based process planning

Decision Tables
A table of rows and columns, separated into four quadrants
•

Conditions

•

Condition alternatives

•

Actions to be taken

•

Rules for executing the actions
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The standard format used for presenting a decision table

Developing Decision Tables
•

Determine conditions that affect the decision

•

Determine possible actions that can be taken
•

Determine condition alternatives for each condition

•

Calculate the maximum number of columns in the decision table

•

Fill in the condition alternatives

•

Complete table by inserting an X where rules suggest actions

•

Combine rules where it is apparent

•

Check for impossible situations

•

Rearrange to make more understandable

Constructing a decision table for deciding which catalog to send to customers who
order only from selected catalogs
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Checking for Completeness and Accuracy
Four main problems
•

Incompleteness

•

Impossible situations

•

Contradictions

•

Redundancy

Checking the decision

table for inadvertent

contradictions and

redundancy is important
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