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Constantly advancing technology is getting more rapid, integrated and flexible. Today’s cutting-
edge technology in manufacturing where the entire production process is controlled by computers is
specified as a Computer Integrated Manufacturing (CIM) system which differs from traditional
manufacturing technologies in processing, equipment and methodology. It is, therefore, important
to educate potential engineers with the necessary skills required in today’s technologically
developed industry. In this study, CIM laboratory settings and applications in Turkish engineering
education are surveyed in an investigation of the curricula used in these laboratories. In this
context, the CIM curriculum in Kirikkale University is described. Improvement areas in CIM
education and usage of laboratories are discussed. The overview of this curriculum will serve as a
framework in curriculum design and give important ideas on improving the curriculum for
institutions that already have CIM laboratory or are considering setting one up.
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1. INTRODUCTION

AUTOMATION IS A SYSTEM of manufactur-
ing designed to enable machines to perform speci-
fic tasks formerly done by humans, and to control
sequences of operations without human interven-
tion. To stay competitive, factories are increasingly
automating their production lines. Today’s state-
of-the-art technology in automation of manufac-
turing lines is Computer Integrated Manufacturing
(CIM) systems. A CIM system can be easily
modified to process different parts and manufac-
ture various products; thus, it is also called a
Flexible Manufacturing System (FMS).
The evolving manufacturing environment char-

acterized by global competition and rapid changes
in manufacturing processes and related technolo-
gies requires creation of education systems that
are easily upgradeable and into which new sylla-
buses and functions can be readily integrated.
This new environment calls for advanced equip-
ment, hands-on experiences in laboratories that
have modularity, integrateability and customiza-
tion. There is also an emphasis on interdisciplin-
ary studies, teamwork, innovation and leadership
as part of the new curricula in engineering educa-
tion. This paper discusses these concepts and
presents ideas for the usage of labs to support
new curricula.

2. RELATED LITERATURE

A large number of definitions of CIM can be
found in publications associated with CIM [2, 17,
25]. To summarize, CIM, in engineering, is a
method of manufacturing in which the entire
production process is controlled by computers. In
a CIM system, functional areas such as design,
analysis, planning, purchasing, cost accounting,
inventory control, production, material handling,
quality control and distribution are linked through
the network of computers. With CIM automation,
manufacturers can produce smaller batches of
more varied products. By implementing CIM
systems, companies can shorten their manufactur-
ing processes through improved operational
control, round-the-clock availability of automated
equipment, increased machine utilization and
responsiveness and reduction of human interven-
tion.
Today, developed countries have considerable

experience with CIM and have progressed various
integration concepts. In a survey conducted by
Kimble and Prabhu [9] in 1988 among English
manufacturers, 58% of the respondents had some
form of CIM. Also, an attempt is being made to
utilize well-trained engineers, managers and crafts-
men and to integrate them into the CIM system.
CIM laboratories and related literature can date

back to the 1980s in advanced countries [22].
Alptekin, Benjamin and Omurtag [1] describe a
model CIM program developed by the Department
of Engineering, University ofMissouri-Rolla USA.* Accepted 26 March 2010.
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In succession, other descriptions of CIM education
and utilization of facilities are followed, such as
Maraghy [14] which presentsMcMaster University,
Canada as an example. The impact of university and
industry interaction through research and develop-
ment projects on CIM and manufacturing educa-
tion is also discussed. Kwong, Hiranyavasit and
Fok [13] discussed the inclusion of a manufacturing
information system in production and Operations
Management, and they argue that this inclusion
substantially improved the teaching of integrated
manufacturing.

Koves [11] reviewed industry-government-
university cooperation in CIM education in the
USA. In his work, he gives examples of how
funding from institutions such as the National
Science Foundation initiate joint action to estab-
lish teaching and training centres. They claim that
the result was an ever-increasing availability of
CIM professionals. R. Shultz-Wild [23] investi-
gates the CIM status in a German capital goods
industry and asserts that concepts of technology,
the system of education and vocational training
have important influences in determining the direc-

Table 1. Equipment of respective CIM la

Galatasaray Bogazici Bahçesehir Yeditepe Kirikkale

Type of
station

Equipment and
devices at
station

Type of
station

Equipment and
devices at
station

Type of
station

Equipment and
devices at
station

Type of
station

Equipment and
devices at
station

Type of
station

Equipment and
devices at
station

Station 1 ASRS . Vertical
ASRS, table-
top mounted
(72 storage
cells)
. SCORBOT-
ER 5 plus on
1m linear
slidebase
. 2 spring-
loaded part
feeders
. Palletizing
rack

ASRS . ASRS36
(36 cells)

ASRS . ASRS-36�2
(72 cells)

ASRS . ASRS-
(40 cells)

ASRS . ASRS-36�2
(72 cells)

Station 2 Assembly . SCORA-ER
14 robot
. Ball feeder
. Automatic
gluing unit
. Tool changer
for robot
. 2 palletizing
racks

Assembly . ER9 with
tool changer
system
. 2 palletizing
racks
. pneumatic
device

FMS
CELL

. SCORBOT-
ER9 on linear
slidebase
. CNC
proLIGHT
3000 lathe
. CNC
proLIGHT
1000 mill
. Palletizing
rack

Assembly
Station

. Mitsubishi
RV-2A (6-axis)
robot
. Assembly
peripherals

Assembly . SCORA-ER
14 robot
. 2 palletizing
racks
. Ball feeder

Station 3 FMS . SCORBOT-
ER 9 robot on
linear slidebase
. proLIGHT
1000 milling
machine
. proLIGHT
3000 turning
machine

FMS . ER9 on
linear slidebase
. simulated
machining
processes
. 2 palletizing
racks

Assembly
and Quality
Control

. SCORA-
ER14
. Palletizing
racks
. XY
positioning
table
. Pneumatic
vise
. Ball feeder
. ViewFlex
machine vision
. Automatic
gluing system

CNC EMCO CNC
Turn 105 lathe

FMS . SCORBOT-
ER 9 robot on
linear slidebase
. proLIGHT
3000 turning
machine
. proLIGHT
1000 milling
machine

Station 4 Quality
Control

. SCORBOT-
ER 5plus robot
. XY
positioning
table
. Machine
vision system
. Parts bin for
failed parts
. Digital
caliper

Quality
Control

. ER9 on
linear slidebase
. pneumatic
feeder
. Vision
system
. ball feeder
. 2 palletizing
racks
. gluing
machine
. caliper

N/A Quality
Control

Analogue
positional
transducer

Quality
Control

. SCORBOT-
ER 5plus robot
. Parts bin for
failed parts
. Machine
vision system
Assembly

Conveyor . Rectangular loop, approx.
10m total length
. PLC control unit
. 4 station stop units and
indicator lights
. Pallet tracking system

. Loop conveyor, approx. 7m
total length
. PLC cabinet
. 2 Station stop units
. Pallet Tracking system

. Loop conveyor,
approximately 10m total
length (3440mm � 1400mm)
. PLC control cabinet with
OMRON CQM1
. 3 station stop units and
indicator lights
. Pallet tracking system

. Rectangular loop (1m�3m)

. PLC control unit
. Rectangular loop, approx.
10 m total length
. PLC control unit

Additional . Central CIM management
station with software

. The system integrates an
AGV (automatic guided
vehicle) and Central CIM
management control software.

. Central CIM management
station with OpenCIM
software

. COSIMIR software . Central CIM management
station with Open CIM
software
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tion of further development. Another use of CIM
cell is discussed by Ram, Park and Edoka [21] in
School of Engineering at North Carolina A&T
State University. To be more effective, they
propose an interdisciplinary laboratory. Mullins,
Shainpoor, Jamshidi, Kassicieh and Starr [18]
describe the CIM program and laboratory in
University of New Mexico USA established
through IBM’s CIM in Higher Education Alliance.
They have set up instructional programmes at the
undergraduate and graduate level in both the
Mechanical Engineering and Electrical and
Computer Engineering Departments and claim
that many Ph.D. and Master’s students had used
these facilities. They had also established a
master’s level program between College of Engin-
eering and School of Management by combining
manufacturing and total quality management.
They also discussed some approaches and future
plans. Another description of lab usage is by Shiue,
Beard, Santi and Beaini [24] who are at Christian
Brothers University, Tennessee USA. In one of the
recent studies, Kovacic, Bogdan, Smolic-Rocak
and Birgmajer [10] describe ways of using program
tools and virtual reality for design and simulation
of flexible manufacturing systems for the purpose
of teaching undergraduate course of FMS in
University of Zagreb, Croatia. Meanwhile,
Mehrabi [16] presented ideas for the design of
CIM courses and labs currently under develop-
ment in the College of Engineering and Science at
the University of Detroit, USA to support modu-
larity, integrability, customization and open archi-
tecture as key features. Similarly, Hung and Leon
[6] presented the current approach in manufactur-
ing education and research at Texas A&M Univer-
sity, USA in response to new trends of
manufacturing industry. Last but not least, in
two separate studies [26–27], the authors reported
the CIM efforts conducted in Yeditepe University,
Turkey by describing a prototype design and
manufacturing project and assessing CIM in
systems engineering education, respectively.
Likewise, several studies can be reported on

CIM installation and usage. A comprehensive
survey conducted recently by Rai, Shankar and
Suhaib [20]. Kunnathur and Sundararghavan [12]
discussed issues on installation of CIM based on
plant visits and extensive interviews as part of a
field study. Kimble and Prabhu [9] surveyed CIM
usage in manufacturing industry in England. They
described the views of senior executives about what
problems they have encountered about implemen-
tation of CIM and how CIM impacted working
practices. Chen and Adam [3] analysed the issues
related to computer-integrated-manufacturing and
found that the investment led to reduced labour
cost, increased output, decreased manufacturing
cost, increased flexibility and reduced production
lead time. They also reported that there was
a moderate relationship between investment
and decreased work-in-process inventory and
improved quality. Marri, Gunasekaran and

Grieve [15] studied performance measurements
for the implementation of CIM with the help of
an empirical study in British SMEs.
And lastly, several works can be reported on

research based on studies in CIM educational labs.
For example, Sterna [28] studied late work mini-
mization on a production environment of a CIM
system located at the Poznan University of Tech-
nology, Poland.

3. REVIEW OF CIM LABS IN TURKEY

Educational CIM cells are used to mimic the real
production cycle and enable control and analysis
of various aspects of the cycle, from planning
through production. They imitate actual manufac-
turing systems, and aim to train students to oper-
ate and gain skills on CIM. By working with a
complete CIM system, students can comprehend
the functioning of the entire system and interac-
tions within the components. Students can also get
hands-on experience with a particular aspect of a
CIM system such as controlling robots, Compu-
terized Numerical Control(CNC) machines, etc.
In this section, educational CIM labs are

reviewed. Technical trips are conducted to some
institutes (such as Galatasaray, Bahcesehir, Boga-
zici University of Turkey), and web sites of some
others (e.g. Yeditepe University) are questioned.
The setting of Kirikkale University is also included
which will be reviewed in detail in subsequent
sections.
CIM lab of Galatasaray University established

in 2001 is the first CIM lab in Turkey. Table 1
describes the equipment available in that lab. In
Bogazici University, the CIM system, named as
Flexible Automation and Intelligent Manufactur-
ing System (BUFAIM) lab, was founded in 2004.
The main purpose of the lab is to research the
control and integration of modern manufacturing
techniques.
The CIM lab in Kirikkale University was estab-

lished in 2006 by the support of Turkish State
Planning Organization (Devlet Planlama Teski-
lati-DPT). The aim is to research flexible manu-
facturing models to be used in SMEs by advanced
production technologies. The available equipment
in this lab is also listed in Table 1.
Like other installations, Kirikkale lab has all the

required utilities of a CIM such as a milling
machine, turning machine, Automatic Storage
and Retrieval System(ASRS), quality control,
assembly, etc. Nonetheless, the utilization of the
lab and the lecture outline differ from other
universities. Firstly, the lab equipment is open to
all students and they have hands-on experience
using the machines. Interested students may also
use the equipment for further projects. Many
innovative practices have been experienced as a
result of such policy during the short period of
establishment. Secondly, the course lecture is not
limited to current settings. Students improve their
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ability by designing and integrating an imaginary
system with the same concepts of real complex
production systems. In these practices students are
the administrator, designer, manager, operator,
product supplier and consumer of their factory.
They experience—almost for real—the advantages
and difficulties of advanced manufacturing
systems and the consequences of their decisions.
The main aim of the course is the extensive
utilization of the lab and CIM concepts.

4. CIM CURRICULUM IN KIRIKKALE
UNIVERSITY

The CIM lab in Kirikkale is used in the under-
graduate level course of Computer Integrated
Manufacturing and Control and in the graduate
level course of Flexible Manufacturing Systems
Modelling. The undergraduate course is elective
in senior year and opened in both Fall and Spring
semesters to all students while keeping the class-
room size convenient. Both courses are in Turkish
due to university policy. Several course outlines are
presented for introducing and describing CIM in
engineering schools today at various levels of
sophistication. Depending on the varying degrees
of investment in laboratories, course development
efforts and commitment of faculty and profes-
sional development, are pursued continuously.

4.1 Lecture outline
In the above CIM courses, students practice in

an automation environment and learn several
modules from CAD to CAM using laboratory
equipments. In Fig. 1, the usage and a lecture
outline is described which is designed as a func-
tional model. This kind of model provides a means
for consistently modelling the functions (activities,
actions, processes, operations) required by the
lecture, and the functional relationships and data

(information or objects) that support the integra-
tion of those functions.
In the functionmodelling approach, instructional

processes and interrelated elements are defined. A
similar approach is applied to mobile wireless class
[4] and software engineering [8]. The standardized
function modelling is called IDEF0 and input,
control, output and mechanism are represented by
horizontal and vertical arrows. Further information
about IDEF0 can be found in [6].
By this way, the students gain knowledge of

system software such as milling, turning, robot
and quality control, learn to manage and control
the equipment. Moreover, they design their own
parts and carry out the manufacturing personally.
In successive modules, students sketch their own

CIM factory based on the selection of parts to
produce. They model and simulate the factory and
collect information about the process. Using this
information, they try to increase system perfor-
mance and carry out optimization approaches. A
schematic view of the 14 week course schedule is
described in Table 2 and the blocks of the lecture
are detailed below.

4.2 Lecture Modules
Introduction
The first seminar will be an introduction to the

overall course, including the topics. The concept of
automation is explained. The advantages and
disadvantages of CIM are discussed. A brief
description of the installed system is given and a
demonstration is carried out.

Module 1: Part Production
In this module, students become familiar with

CNC machining. First, students learn universal
NC machining code called G-code. This code is
also used in industrial size machines. Students are
then introduced to computer aided design and
manufacturing programs. Although general

Fig. 1. Decomposition of the lecture.
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programs can be used in designing a part, such as
AutoCAD, a simple CAD program such as Spec-
tra CAD Engraver is explained. A screenshot of
the program is given in Figs 3–4. CAM programs
for milling and turning are explained afterwards
and used on the drawings done in CAD.

Module 2: CIM Elements
In this module, building blocks of a CIM cell are

described. These components are necessary for
production processes and can be named as

robots, storage, machines, quality control and
material handling devices. The CIM lab at the
Kirikkale has all the above components. Their
functions, control and interactions are explained
in detail. Students individually are given the
chance for hands-on control of the components.
They also can produce their own designed parts
prepared in a previous module. These activities can
be summarized as follows.
Robots: CIM systems are fully automated, and

robotic arms are critical components in these
automated systems. The tasks they perform
include the picking and placing of parts in/from
machines, removal of parts from storage, assem-
bling of parts and handling of parts for quality
control. Kirikkale CIM has three robots: one for
CNC machining stations, one for quality control
and one for storage (Figs 2 and 5a). Students are
first introduced to some of the robot types and
robot tasks used in CIM. Then the control of
robots is described. Subsequently, programming
of robots for a series of motions is explained.
Storage: A storage station is used to store raw

materials prior to production, as well as finished
products following the production process. Such
stations are fully automatic and controlled by
robotic arms, and hence, usually called as Auto-
matic Storage and Retrieval Systems(ASRS).
Storage cells in the ASRS contain templates,
either empty or containing parts. A view of the
ASRS in Kirikkale CIM is given in Figure 5a.
Students learn how to prepare storage places by
means of indexing of places. They learn the usage
and control of raw material, work-in-process and
finished products. Robot control is similar to
previous one, and the students exercise the use of
robots, likewise.

Table 2. CIM Lecture outline in Kirikkale University

Session Topics

Introduction and Overview
1 Lecture and Discussion: Course Importance, Topics

Module 1: Part Production
2 CNC Machining Basics, G-code introduction
3 Computer Aided Design (Auto CAD and Spectra

CAD Engraver Software)
4 Computer Aided Manufacturing (Spectra Light

Milling and Turning Software)

Module 2: CIM Elements
5 Automatic Storage and Retrieval System (AS/RS),

Material Handling and Robots
6 CNC Turning and CNC Milling
7 Assembly, Quality Control by Image Processing

Module 3: Virtual Factory
8 Layout Design
9 Layout Implementation
10 Production Planning
11 Storage setup, Process and Machine Definition
12 Part Definition, producing parts
13 Viewing Production Details, Tracking Integrated

Production
14 Improving System Performance, Timing and

Optimization

Fig. 2. Robot for CNC machining stations and control program.
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Machines: Machines are CNC production
devices, such as lathe, turning, drilling and laser
engravers. Such machines require that parts be
inserted or placed into them, usually by a robotic
arm. The inserted parts are predefined in size and
nature. The machine is programmed in advance
to process a particular part, ensuring precise and
exact part production. Kirikkale CIM has CNC
milling and turning machines. Students first learn
to setup and handle these machines. Subse-
quently, they simulate a part production, and
observe how tools of machines behave based on
aspects of the part. Lastly, they watch over a part
production on an experimental stock made of
wax. They are given homework to design their
own parts and are asked to produce them in a
later scheduled time. Students can keep their
parts as souvenir.

Quality Control (QC): This group of equipment
includes measuring devices, such as optical
systems, laser scan meters and (Coordinate
Measuring Machines) CMMs. The purpose of
these devices is to determine whether a product
meets the quality control specifications defined
prior to the production process. In Kirikkale
CIM, QC components include high precision
measuring tools by image processing. A camera
records an assembled part, and accepts or rejects
part according to the image. Students first observe
this process, then learn to handle the procedure.
Material handling devices: CIM components are

located in multiple production stations that are
physically distant from one another. This requires
a system that moves parts from one robotic station
to another. Material handling devices are used for
this purpose. In Kirikkale University CIM, a

Fig. 3. CNC milling machine and its control program

Fig. 4. CNC turning machine and its control program.
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closed loop conveyor with stop stations controlled
by PLC is present (Fig. 5b). The stop stations are
controlled by the PLC and enable the robot to pick
a part from the conveyor and place the part on it.
Students track part movements, learn interaction
of the conveyor with stations. They also learn
underlying principles how stop stations work and
separate parts based on palette.
System Manager: The CIM system has a

manager program which controls the entire
system. Every other station and its controlling
programs interact with this program and functions
according to the predefined sequence. The system
manager monitors the system real-time.

Module 3: Virtual Factory
In this module students learn to design and operate
their own CIM factory independent from the
installed system. The goal is to simulate a hypothe-
tical factory and improve the system performance.
For this purpose, the procedures for layout design,
implementation, storage setup, product and

machine definition and producing new parts are
taught. Students also get familiar with tracking
production and improving system performance

4.3 Student assignments and projects
Students are assigned homework and a number

of term projects. In the first week, they are encour-
aged to acquire general information about CIM
and its literature. In a part production module,
students are required to design their own parts.
They are told that their grade would be based on
the complexity of part shape and encouraged to
use complex manufacturing techniques. In the
third part which is the CIM elements module,
students are required to manufacture their
design. For safety, students are monitored, but
expected to operate the robots and machines by
themselves. In the virtual factory module of 4, a
term project is assigned.

4.4 Impact on industrial engineering curriculum
In this section, we evaluate the contribution of

(a) (b)

Fig. 5. Storage and material handling devices of CIM. (a) Automatic Storage and Retrieval System (AS/RS). (b) Closed loop conveyor.

Fig. 6. Virtual factory.
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the described CIM lecture to the Industrial Engin-
eering curriculum. Although, the courses from
Kirikkale University are taken as a reference,
they are quite general in IE curriculums world-
wide.

5. ISSUES ARISING FROM USING CIM

CIM systems are highly complex and expensive
structures. Careful and extensive planning is there-
fore needed before installation of the system. The
issues on the installation of a system have been
subjects of several studies such as Kunnathur and
Sundararaghavan [12] and Raj, Shankar and
Suhaib [20]. These topics can be summarized as
loading of parts in FMS, scheduling techniques,
material handling and flexibility and its measure-
ment, machine tools, operation, control and main-
tenance techniques, human element and culture.

The researchers also recommend the following
actions for a successful installation:

. Obtain continuous feedback from functional
units;

. Information system department should partici-
pate in analysis of software capabilities and
limitations;

. Develop a master plan and monitor it by per-
formance criteria;

. Consider enhancements for a long-term auto-
mation projects;

. Integrate automation into the portfolio of man-
ufacturing facilities.

At the same time, researchers suggest these actions
to avoid during an installation:

. Evaluating CIM projects as a one-time occur-
rences;

. Bundling software and machinery acquisition
decisions;

Table 3. CIM Lecture outline in Kirikkale University

Course Term
Related CIM
Lecture Module Contribution

Work Study III Module 2: CIM
Elements and
Module 3: Virtual
Factory

Students are able to apply their skills in time study and use
of standard data.

Intro to Electronics IV Module 2: CIM
Elements

Students understand the basic electrical elements. They learn
the application of electrical circuits and computer
interaction.

Operations
Research-I and II

V Module 3: Virtual
Factory

Students gain the ability to model real life problems as a
mathematical model, to find optimal solutions and perform
scenario/sensitivity analyses.

Production
Planning I and II

V Module 3: Virtual
Factory

Students learn the importance of planning, methods and
definition of demand forecasting and inventory
management. They learn different inventory management
methodologies, master production planning and its
methodologies.

Management of
Information
Systems

V Module 2: CIM
Elements

Students learn the fundamentals required for the design of
integrated information systems. They gain knowledge on
computer hardware including communication networks,
workstations/personal computers and automatic
identification equipment.

Simulation V Module 3: Virtual
Factory

Students can take a closer look at system’s behaviors and
comparison of alternative system designs. They investigate
the use of simulation for optimization purposes.

Manufacturing
Processes

VI Module 1: Part
Production

Students get familiar with the advantages and limitations of
manufacturing technologies. They recognize the tool and
machines used in manufacturing and gain the capability of
proper tool and machines selection in applications.

Quality Control VI Module 2: CIM
Elements

Students get familiar with the concept of quality and its
place and importance in production systems. They learn the
state-of-art tools for quality engineering.

Facility Layout and
Planning

VI Module 2: CIM
Elements and
Module 3: Virtual
Factory

Students gain the ability to set evaluation criteria for a
facility, and required principles of operations for building a
new facility. They can calculate machine and equipment
requirements and placement techniques of equipment.

Production Systems VII Module 3: Virtual
Factory

Students understand the fundamental topics of
manufacturing systems, classifications and analysis of
automated manufacturing systems. They gain knowledge of
traditional and non-traditional processes, cellular design,
flexible flow lines, lead time analysis, and work flow leveling
and balancing.
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. Acquiring CIM solely for high volume high
precision operations;

. Contracting for turnkey installation;

. Creating island of automation.

These issues and actions are very important and
can be generalized for all CIM installations.
However, educational CIM settings require differ-
ent treatment due to their purpose and objective.
Based on our experience and interview with other
supervisors of CIM installations in Turkey, the
following issues are identified and discussed, in
usage of CIM labs:

5.1 General
Once installed, the CIM system is a small-scale

factory. The system allows for implementation and
demonstration of various devices and components
used in a modern manufacturing environment.
Each device can be individually programmed/oper-
ated, and the entire system is integrated through
networks. Moreover, advanced manufacturing
planning methodologies can be adopted and their
consequences can be observed. Therefore, students
develop their ability to design and integrate
complex manufacturing systems and can
experience various integration issues in a modern
plant.
In addition to the physical structure, virtual

simulation of an imaginary system with the same
concepts of a real one can be carried out. In these
experimental setups, students can experience and
understand fundamentals of assembly systems,
system layouts/configurations and their impact
on throughput, quality, and reliability; material
transport systems; part delivery systems at work-
stations; single and multi-station assembly
machines/stations; design for automated assembly;
and automation of assembly systems.

5.2 Undergraduates
Most of Turkey’s installed CIM labs are in

Industrial Engineering departments, hence the
supervisors are academicians from this discipline.
Consequently, the courses taught and ongoing
researches are viewed in that direction. However,
by nature, CIM installations are interdisciplinary.
As well as subjects that engage industrial engi-
neers, in CIM systems, there are computer soft-
ware and hardware which could be interesting for
computer engineers, electronic communication
and control components which could be attractive
for electrical-electronic engineers, actual replica of
industrial machining and manufacturing which
could be appealing to mechanical engineers.
Therefore, CIM labs should be used in colla-

boration and departments should establish closer
relationships with each other, i.e. industrial,
mechanical, electrical-electronic and computer
engineers to achieve common goals for manufac-
turing. Some aspects of these groups may even
combine to be more efficient. By introducing
interdisciplinary learning, students will develop

skills for direct interaction and communication
with individuals from a variety of fields. Moreover,
courses and projects should be encouraged that
enable these interdisciplinary experiences. Students
will be able to anticipate the need to function in
dispersed disciplines, especially using language of
engineering to communicate. As a result, graduates
will be able to function on, and contribute mean-
ingfully to the workforce in product manufactur-
ing, problem solving, or other efforts.
It is also suggested that a new programme of

manufacturing engineering could be formed to
focus solely on computer integrated manufacturing
issues. In this minor, it is suggested that the
modern concepts of computer integrated manufac-
turing and productivity programmes should be
pervasive in the curriculum. Students should
understand the basic tools and methods of systems
engineering and integration. They should under-
stand CAD, CAM, machining, project manage-
ment and MRP systems. They should especially
understand the life-cycle design constraints related
to manufacturability, reliability, maintainability,
etc. Students must understand computer integrated
material processing methods, especially processes
that go beyond the traditional metal processing. It
is also suggested that students should be prepared
for process planning regardless of the type of
material used. It is recommended that the curricu-
lum has a unifying theme that ties disciplines
together. A virtual factory, a product development
experience, or other major project may serve as an
appropriate tool.

5.3 Graduate studies and research
CIM is probably the most challenging concept

which has faced manufacturing. Several of the
issues already discussed can be amended for grad-
uate research. In addition, since CIM requires the
latest and most advanced computer technology,
software and hardware engineering skills, it
involves new manufacturing control methodolo-
gies. In principle as well as in practice, CIM can
reach into every relevant aspect of a manufactur-
ing business. Manufacturing control, business and
financial strategy and supply and distribution are
as important as automation of manufacturing.
These broad topics open new challenging research
areas.
CIM laboratories are a good home for studies

established on scientific methodologies and aimed
at creating new knowledge, scientific interpretation
or solution of technological problems. These inno-
vative technologies will increase the competitive
aspects of emerging countries such as Turkey. To
create new knowledge, scientists from different
disciplines should collaborate on developing
novel techniques. It is noteworthy to mention
that research is being conducted by utilizing The
Kirikkale CIM with the title of ‘Queueing
Network Models of Flexible Manufacturing
System’ which is supported by The Scientific and
Technological Council of Turkey (TUBITAK).

M. Yüzükirmizi1238



5.4 Technical high schools and industry relations
CIM education and concepts could be broa-

dened to beyond university usage. Opportunities
exist for extending manufacturing engineering
education to technical high school students and
industrial operators and managers. Maximizing
effective use of the limited resources of emerging
countries such as Turkey requires this kind of
utilization. First, individual operation and encod-
ing of a device in a CIM cell can be instructed to
the workforce who actually use/will use it. Second,
an appropriate manufacturing cell can be devel-
oped and applied to institutions to demonstrate
and educate on manufacturing concepts. These
training programmes will serve as a means to
ending industry’s need for skilled employees. It
will also cut the learning period of machinist to a
minimum. By proper design of the curriculum, the
lectures and seminars can be carried out by
Distance Learning systems to students/trainees
who need them. And lastly, feedback from indus-
try practitioners and leaders would shape the next
generation manufacturing systems.

6. SUMMARY AND CONCLUSIONS

Computer Integrated Manufacturing is a manu-
facturing system that consists of numerically
controlled machines connected through automated
handling devices which are controlled by a central
network computer. Educational CIM labs are
replications of real production systems which are

used to train students to operate, control and
analyse various aspects from planning through
production. In this study, educational CIM cells
are reviewed in Turkish engineering schools.
Further, a CIM curriculum which aims to utilize
the lab equipment and CIM concepts and is
currently used in Kirikkale University is described
in detail. Lecture modules of part production,
CIM elements and virtual factory are explained,
and required tools and expected contributions to
students are depicted. Lastly, issues on the usage of
CIM are discussed. Points are made regarding
installation, undergraduate, graduate studies and
research, technical high schools and industry rela-
tions.
The main contribution of the study is to pave a

way for educational institutions intending to estab-
lish a CIM system. Using this study, they will be
able to compare existing systems and plan accord-
ingly. They will also purchase the equipment
appropriate to their purposes and spend their
resources wisely. We have also described current
usage and discussed alternative ways to improve
utilization of the system. Existing and future CIM
lab owners will benefit from this description and
discussion to progress and revise their usage.
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