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Chapter 1
Introduction to Industrial Engineering

The Roles of IE

Industrial engineering (IE) is emerging as one of the classic and novel professions that will be
counted for solving complex and systematic problems in the highly technological world of today. ' In
particular, with the transformation and promotion of China’s economy and China’s reform and opening
deep-going, the demand for IE will increase and widen continuously and urgently.

A production system or service system includes inputs, transformation, and outputs. Through
transformation, the added values are increased and the system efficiency and effectiveness are im-
proved. Transformation processes rely on the technologies used and management sciences as well as
their combination.

Managing a production system or service system is a challenging and complex task—one that re-
quires the knowledge of fundamental sciences, engineering sciences, behavioral sciences, computer
and information sciences, economics, and a great number of topics concerning the basic principles and

techniques of production and service systems.

The Demand for IE Graduates

Industrial engineering curricula are designed to prepare the students to meet the challenges of the
future for the construction of Chinese economic and harmonious society. Many IE graduates (1Es)
will, indeed, design and run modern manufacturing systems and facilities. Others will select to engage
in service activities such as health-care delivery, finance, logistics, transportation, education, public
administration, or consulting and so on.

The demand for IEs is strong and growing each year. In fact, the demand for IEs greatly exceeds
the supply. This demand/supply imbalance is greater for IE than for any other engineering or science
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disciplines and is projected to exist for many years in the future. Therefore, over 250 universities or

colleges opened IE program in China in 2015.

The Objectives of the Textbook

The main purpose of this textbook is to introduce systematical theories and advanced techniques
and methodologies of the relevant subjects of industrial engineering as well as their English expression.
The other aim of the textbook is to strengthen and improve student’s the ability of reading and compre-

hension of specialized English literatures related to industrial engineering.

Engineering and Science

How did the two words “industrial” and *engineering” get combined to form the term “industrial
engineering” 7 What is the relationship between industrial engineering and other engineering disci-
plines, to business management, or the social sciences?

To understand the role of industrial engineering in today’s economic and knowledge-based era, it
is beneficial to learn the historical developments that were hopeful in the evolution of IE. There are
many ways to write a historical development of engineering. The treatment in this unit is brief because
our interest is in reviewing the significances of engineering development, particularly those leading to in-
dustrial engineering as a specialty. More complete histories are available in the reference [2]—[4].

Engineering and science have developed in a parallel, complementary fashion, although they are
not always at the same pace. Whereas science is concerned with the quest for basic knowledge, engi-
neering is concerned with the application of scientific knowledge to the solution of problems and to the
quest for a “better life”. Obviously, knowledge cannot be applied until it is discovered, and once dis-
covered, it will soon be put to use. In its efforts to solve problems, engineering provides feedback to

science in areas where new knowledge is needed. Thus, science and engineering work hand in hand.

Engineering Applications—Tools

Although “science” and “engineering” each have dist{nguishing features and are regarded as dif-
ferent disciplines, in some cases a “scientist” and an “engineer” might be the same person. This was
especially true in earlier times when there were very few means of communicating basic knowledge. The
person who discovered the knowledge also put it to use.

We naturally think of such outstanding accomplishments as the pyramids in Egypt, the Great Wall
of China, the Roman construction projects, and so on, when we recall early engineering accomplish-
ments. Each of these involved an impressive application of fundamental knowledge.

Just as fundamental, however, were accomplishments that are not as well known. The inclined
plane, the bow, the wheel, the corkscrew, the waterwheel, the sail, the simple lever, the many,

many other developments were very hopeful in the engineer’ s efforts to provide a better life.
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Engineering Basis

Almost all engineering developments prior to 1800 had to do with physical phenomena: such as
overcoming friction, lifting, storing, hauling, constructing, and fastening. Later developments were
concerned with chemical and molecular phenomena: such as electricity, properties of materials, ther-
mal processes, combustion, and other chemical processes.

Fundamental to almost all engineering developments were the advances made in mathematics. Proce-
dures for accurately measuring distances, angles, weights, and time were necessary for almost all early en-
gineering accomplishments. As these procedures were refined, greater accomplishments were realized.

Another very important contribution of mathematics was the ability to represent reality in abstract
terms. A mathematical model of a complex system can be manipulated such that relationships between
variables in the system can be understood. The simple relationship commonly called the Pythagorean
theorem is such an example. This theorem says that the hypothenuse of a right triangle is equaled as
the square root of the sum of the squares of the adjacent sides. The use of abstract models representing
complex physical systems is a fundamental tool of engineers.

As a final comment on early development, let us take care of an early development that did not
come. The missing early development is related to the behavioral sciences. The understanding of hu-
man behavior has lagged greatly behind developments in the mathematical, physical, and chemical sci-
ences. This is important to industrial engineers because the systems designed by IEs involve people as
one of the basic components. The lack of progress in behavioral science has impeded the industrial en-

gineer in his efforts to design optimal systems involving people.

The Modern Era of Engineering

Based on the book Introduction to Industrial and Systems Engineering , it defines the modern era of
engineering as beginning in 1750, even though there were many important developments between 1400
and 1750. There are two reasons to choose 1750 as the beginning of modern engineering:

(1) Engineering schools appeared in France in the eighteenth century.

(2) The term civil engineer was first used in 1750.

Civil Engineering

Principles of early engineering were first learned in military colleges and were concerned primarily
with road, bridge and fortifications construction. This kind of academic training was referred to as mili-
tary engineering. When some of the same principles were applied to nonmilitary attempts, it was natu-

ral to call them as civilian engineering, or simply civil engineering.

Mechanical Engineering

With the development of civil engineering, the relevant disciplines had also developed. Interrelat-
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ed advancements in the fields of physics and mathematics set up the groundwork for practical applica-
tions of mechanical principles. A significant advancement was the development of a practical steam en-
gine that could accomplish useful work. Once such an engine was available ( approximately 1700 ),
many mechanical devices were developed that could be driven by the engine. These efforts culminated

in the emergence of mechanical engineering as a distinet branch in the early nineteenth century.

Electrical Engineering

The discovery and applications of electricity and magnetism are another example of such advance-
ment, which were the fundamental work done in the later part of the eighteenth century. Although early
scientists had known about magnetism and static electricity, an understanding of these phenomena did
not start until Benjamin Franklin’s famous kite-flying experiment in 1752. In the next 50 years the
foundation of electrical science was built up primarily by German and French scientists.

The first distinguishing application of electrical science was the development of the telegraph by
Samuel Morse. Morse telegraph is a kind of telegraph that sends messages using dots and dashes or
short and long sounds or flashes of light to represent letters of the alphabet and numbers. Thomas
Edison’s invention of the carbon-filament lamp ( which is still used today) led to widespread use of
electricity for lighting purposes. This, in turn, spurred very rapid developments in the generation,
transmission, and utilization of electrical energy for a variety of labor-saving purposes. Engineers who

chose to specialize in this field were naturally called electrical engineers.

Chemical Engineering

Along with the developments in mechanical and electrical technologies were accompanying
developments in the understanding of substances and their properties. The science of chemistry
came up, which is concerned with understanding the nature of matter and in learning how to
produce desirable changes in materials. Fuels were required for the new internal combustion en-
gines being developed. Lubricants were needed for the rapidly growing array of mechanical de-
vices. Protective coatings were required for houses, metal products, ships, and so forth. Dyes
were needed in the manufacture of a wide variety of consumer products. Somewhat later, artifi-
cial materials were required to carry out certain functions that could not be performed as well or
at all by natural materials. This field of engineering effort naturally became known as chemical

engineering.

Industry

After making clear of science and engineering, it is time to talk about the term “industry”. A
clear indication of the way in which human effort has been harnessed as a force for the commercial pro-
duction of goods and services is the change in meaning of the word industry. Coming from the Latin

word industria, meaning “ diligent activity directed to some purpose” and its descendant, old French
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industrie, with the senses “activity” “ability” and “a trade or occupation” , our word ( first recorded
in 1475) originally meant “skill” “a device” and “diligence” as well as “a trade”. As more and
more human effort over the course of the Industrial Revolution became involved in producing goods and
services for sale, the last sense of industry as well as the slightly newer sense “systematic work or ha-
bitual employment” grew in importance, to a large extent taking over the word. We can even speak
now of the Shakespeare industry, rather like the garment industry. The sense “diligence, assiduity”,
lives on, however, perhaps even to survive industry itself. From the origin of this word, we can find

that it means a variety of economic or social activities.

Large Scale Production

As industrial organizations emerged to make use of the rapidly developing array of technological
innovations, the size and complexity of manufacturing units increased dramatically. Large scale pro-
duction was made possible through three important concepts

(1) Interchangeability of parts.

(2) Specialization of labor.

(3) Standardization.

Through large scale production the unit cost of consumer products was reduced dramatically and

productivity was increased substantially.

The Origination of IE

The base was now laid for a dramatic shift in the lifestyles and cultures of industrialized countries.
Within nearly twenty years the People’s Republic of China and other developing countries changed
largely rural, agricultural economies and societies to urban, industrialized economies and societies.
The suddenness of this change is probably the cause of many of today’s urgent problems, for example,
air pollution, enviromental change, resources shortage, diseases increase, traffic crowding and pop-
ulation aging, and so on.

During the early part of this movement it was recognized that business and management practices

that had worked well for small shops and farms simply were inadequate for large, complex manufactur-
ing organization. The need for better management systems led to the development of what is now called-

industrial engineering.

The Definition of Industrial Engineering

The following formal definition of industrial engineering has been adopted by the Institute of In-
dustrial Engineers (1IE) ;

Industrial engineering is concerned with the design, improvement, and installation of integrated
systems of people, materials, information, equipment, and energy. It draws upon specialized knowl-

edge and skill in the mathematical, physical, and social sciences together with the principles and
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methods of engineering analysis and design to specify, predict, and evaluate, the results to be obtained
from such systems. *

As used in this context, the term industrial is intended to be interpreted in the most general way
as mentioned above. Although the term industrial is often associated with manufacturing organization,
here it is intended to apply to any organization. The basic principles of industrial engineering are being
applied widely in agriculture, education, hospitals, banks, government organizations, and so on.

Read this definition again. Imagine any large factory that you have seen in which thousands of
workers, hundreds of machines, a large variety of materials and thousands and millions of yuans must
be combined in the most productive, cost-effective manner. Think about a large city that also requires
millions of workers, millions of vehicles and other machinery, materials, and thousands and millions of
yuans in order to deliver services required by public. Imagine how much more effectively the city could

be run if the principles of industrial engineering were applied.

Notes

1. Industrial engineering (IE) is emerging as one of the classic and novel professions
that will be counted for solving complex and systematic problems in the highly technological
world of today.

HE: EH—REETMAFIANEL, TV TENHALAXRMALSTERREEN
R By 2 by & 40 0y R G 1R AL
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2. Industrial engineering is concerned with the design, improvement, and installation of
integrated systems of people, materials, information, equipment, and energy. It draws up-
on specialized knowledge and skill in the mathematical, physical, and social sciences to-
gether with the principles and methods of engineering analysis and design to specify, pre-
dict, and evaluate, the results to be obtained from such systems.

ME, TVIREZFHAR, S8, G, REMGBEREFAKRNERZEH#ITRIT, &
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Exercises

1. What is science? What is engineering? What is industry? What is industrial engineering?
2. Simply describe the formulation of industrial engineering.

3. Explain the definition of industrial engineering.

4. Explain the origination of industrial engineering.

5. What are the focus topics of the five big disciplines?

6. What is the base of engineering and why?
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The Formulation of Industrial Engineering

Industrial engineering emerged as a profession as a result of the industrial revolution and the ac-
companying need for technically trained people who could plan, organize, and direct the operations of
large complex systems. The need to increase efficiency and effectiveness of operations was also an orig-
inal stimulus for the emergence of industrial engineering. Some early developments are explored, in or-
der to understand the general setting in which industrial engineering was born. For more details, see
the excellent work of Emerson and Naehring—Origins of Industrial Engineering: the Early Years of a
Profession. -

Now let us recall some famous people who contributed their efforts for IE.

Charles Babbage’s Division of Labor

Charles Babbage (1792 —1871) " visited factories in England and the United States in the early
1800’s and began a systematical record of the details involved in many factory operations. For example,
he observed that the manufacture of straight pins involved seven distinct operations. He carefully meas-
ured the cost of performing each operation as well as the time per operation required to manufacture a
pound of pins. Babbage presented this information in a table, and thus demonstrated that money could
be saved by using women and children to perform the lower-skilled operations. The higher-skilled,
higher-paid men need only perform those operations requiring the higher skill levels. Babbage pub-
lished a book containing his findings, entitted On the Economy of Machinery and Manufactures
(1832). In addition to Babbage’s concept of division of labor, the book contained new ideas on organi-
zing and very advanced (at that) concepts of harmonious labor relations. Significantly, Babbage re-
stricted his work to that of observing and did not attempt to improve the work methods or to reduce the

operation times.

Eli Whitney’s interchangeable Concept

The concept of interchangeable manufacture was a key development leading to the modern system
of mass production. This concept was to produce parts so accurately that a specific part of a particular
unit of a product could be interchanged with the same part from another unit of the product, with no
degradation of performance in either unit of the product. Eli Whitney (1765 - 1825)" received a gov-
ernment contract to manufacture muskets using this method. His another contribution was the design
and construction of new machines that could be operated by laborers with a minimal amount of training.

Through the successful application of these two concepts, Whitney created the first mass production
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system.

In the period of around 1880 industrial operations were conducted in a much different manner from
today. There was very little planning and organizing, as such. A first line supervisor was given verbal
instructions on the work to be done and a crew of (usually) poorly trained workers. The supervisor was
expected to his men make as hard as he could. Any improved efficiency in work methods usually came
from the worker himself in his effort to find an easier way to get his work done. There was virtually no

attention given to overall coordination of a factory or process.

Frederick Winslow Taylor’s Efficiency Improvement

Frederick Winslow Taylor (1856 —1915)" is credited by recognizing the potential improvements
to be gained from analyzing the work content of a job and designing the job for maximum efficiency.
Taylor’s original contribution, constituting the beginning of industrial engineering, was his three-phase
method of improving efficiency: Analyze and improve the method of performing work, reduce the times
required, and set standards for what the times should be. Taylor's method brought about significant and
rapid increases in productivity. Later developments stemming from Taylor’s work led to improvement in

the overall planning and scheduling of an entire production process.

Frank B. Gilbreth’s Motion Study

Frank B. Gilbreth (1868 —1924) extended Taylor’s work considerably. Gilbreth’s primary contri-
bution was the identification, analysis, and measurement of fundamental motions involved in perform-
ing work. By classifying motions as “reach” “grasp” “transport” and so on, and by using motion pic-
tures of workers performing their tasks, Gilbreth was able to measure the average time to perform each
basic motion under varying conditions. This permitted, for the first time, jobs to be designed and the
time required to perform the job known before the fact. This was a fundamental step in the development

of industrial engineering as profession based on “science” rather than “art”.

Lillian Gilbreth’s Human Relations Study

Dr. Lillian Gilbreth (1878 - 1972), wife of Frank, is credited by bringing to the engineering
profession a concern for human welfare and human relations. Having received a doctoral degree in psy-
chology from Brown University, Dr. Gilbreth became a full partner with her husband in developing the
foundational concepts of industrial engineering. During Dr. Gilbreth’s long life, she witnessed and
contributed to the birth, growth, and maturation of the IE profession. She became known as the “first
lady of engineering” and the “first ambassador of management™. She received many, many honors and
awards from professional organizations, universities, and governments around the world. She was the

first woman to be elected to the National Academy of Engineering’.



