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COMPUTER-AGE
MACHINING

¥ o single invention since the industrial revolution has made such an impact on society
as the computer. Today computers can guide and direct spaceships to the moon and

8 outer space and bring them back safely to earth. They route long-distance telephone
calls, schedule and control train and plane operations, predict the weather, and produce an in-
stantaneous report of your bank balance. In chain stores, the cash register (connected with a
central computer) totals bills, posts sales, and updates the inventory with every entry. These are
but a few of the applications of the computer in our society.

During the past two to three decades, basic computers were applied to machine tools to
program and control the machine operations. These devices have been steadily improved until
they are now highly sophisticated units capable of totally controlling the programming, mainte-
nance, troubleshooting, and operation of a single machine, a group of machines, or soon even
a complete manufacturing plant.
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After completing this unit, you will be able to:

1 Describe generally the development of computers
over the ages

2 Explain briefly the effect of computers on everyday

life
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FIGURE 74-1 Primitive means of counting.

In 1642, the first mechanical calculator was constructed by
a Frenchman named Blaise Pascal. It consisted of eight
wheels or dials, each with the numbers 0 to 9, and each
wheel representing units,-tens, hundreds, thousands, etc.
It could, however, only add or subtract. Multiplication or
division was done by repeated additions or subtractions.
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= ver since primitive people became aware of the concept
[ of quantity, people have used some device to count and
perform catculations. Primitive people used their fingers,
toes, and stones to count (Fig. 74-1). In about 4000 8.C, the
abacus/yeally the first computer, was developed in the
Orient. It uses the principle of moving beads on several
wires to make calculations (Fig. 74-2). The abacus is very ac-
curate when properly used. It may still be found in some of
the older and smaller Oriental businesses today.
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FIGURE 74-2 The abacus was the first real computer.

In 1671, a German mathematician added the capability’
of multiplication and division. However, this advanced
machine could only do arithmetical problems. |

Charles Babbage, a 19th-century English mathematt
cian, produced a machine called the difference engine tha
could rapidly and accurately calculate long lists of varioW
functions, including logarithms.
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FIGURE 74-3  Punched cards were our first method of data processing.

In 1804, a French mechanician, J. M. Jacquard, intro-
duced a punch card system to direct the operations of a
weaving loom. In the United States, Herman Hollerith in-
troduced the use of punched cards to record personal in-
Iformation. such as age, sex, race, and marital status, for
the 1890 U.S. census (Fig. 74-3). The information was en-
coded on cards and read and tabulated by electric sensors.
This use of punched cards led to the development of the
early office machines for the tabulation of data.

In the 1930s, a German named Konrad Zuse built a sim-
ple computer that, among other things, was used to calcu-
late wing designs for the German aircraft industry.

A mathematician named George Stibitz produced a
similar device in 1939 for the Bell Telephone Laboratories
in the United States. This machine was capable of doing
calculations over telephone wires; thus was born the first
remote data processing machine.

During World War 11, the British built a computer called
the Colossus I, which helped break the German military
codes.

The earliest digital computers used electromechanical
on-off switches or relays. The first large computer, the
Mark I, assembled at Harvard University by IBM, could
multiply two 23-digit numbers in about 5 seconds—a very
slow feat compared to today’s machines.

In 1946, the world’s first electronic digital computer,
the ENIAC (electronic numerical integrating automatic
computer) was produced. It contained more than 19,000
vacuum tubes, weighed almost 30 tons, and occupied
more than 15,000 ft* of floor space. It was a much faster
computer—able to add two numbers in 5000 of a second.
A machine of this size had many operational problems,
-particularly with tubes burning out and with circuit
wiring.

In 1947, the first transistor was produced by the Bell
Laboratories. These were used as switches to control the
flow of electrons. They were much smaller than vacuum
tubes, had fewer failures, gave off less heat, and were
much cheaper to make. Computers were then assembled
using transistors, but still the problem of extensive hand
Wiring existed. This problem led to the development of the
printed circuit.

In the late 1950s, Kilby of Texas Instruments and Noyce
- of Fairchild discovered that any number of transistors,

FIGURE 74-4 Thousands of bits of information can be stored on
a tiny silicon chip. (Courtesy Rockwell International.)

along with the connections between them, could be etched
on a small piece of silicon (about Y4 X “4 X 42 in. thick).
These chips, called integrated circuits (ICs), contained en-
tire sections of the, computer, such as a logic circuit or a
memory register. These chips have been further improved,
dnd today/thousands of transistors and circuits are
crammed fn{o this tiny silicon chip (Fig. 74-4). The only
problem with this advanced chip was that the circuits were
rigidly fixed and the ehips could only do the duties for
which they were designed.

In 1971, the Intel Corporation produced the micro-
processor—a chip that contained the entire central pro-
cessing unit (CPU) for a single computer. This single chip
could be programmed to do any number of tasks, from
steering a spacecraft to operating a watch or controlling the
new personal computers.

THE ROLE OF THE COMPUTER

Although today’s computers amaze us (the older genera-
tion particularly), they have become part of everyday life.
They will become an even greater influence in the years to
come.

We are amazed that some computers today can per-
form 1 million calculations per second because of the thou-
sands of transistors and circuits jammed into the tiny chips
(ICs). Computer scientists can foresee the day when 1 bil-
lion transistors or electronic switches (with the necessary
connections) will be crowded into a single chip. A single
chip will have a memory large enough to store the text of
200 long novels. Advances of this type will decrease the
size of computers considerably.

The prototype of a thinking computer incorporating ar-
tificial intelligence (Al) was introduced in the 1990’s. The
commercial product followed about S years later. This
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sachine is able to recognize natural speech and written
anguage and to translate and type documents automati-
-ally. Once a verbal command is given, the computer acts,
inless it does not understand the command. At this point
he machine asks questions until it is able to form its own
udgments and act. It also learns by recalling and studying
ts errors.

Computers today are used in larger medical centers 10
catalog all known diseases with their symptoms and
known cures. This knowledge is more than any doctor
~ould remember. Doctors now are able to patch their own
-omputer into the central computer and get an immediate
and accurate diagnosis of the patient’s problem, thus sav-
ing many hours and even days of awaiting the results of
routine tests.

Because of the computer, children will learn more at a
younger age and, as may be expected, future generations
will have a much broader and deeper knowledge than
those of past generations. It was said that in the past we
doubled our knowledge every 25 years. Now with the com-
puter, the amount of knowledge is said to double every 3
years. With this greater knowledge, the human race will
explore and develop new sciences and areas that are un-

known to us today (much the same as the computer has |

affected the older people of this era).

In other areas, the computer has been and will con-
tinue to be used to predict weather; guide and direct
planes, spaceships, missiles, and military artillery; and
monitor industrial environments.

In everyday life, everyone is and will continue to be
affected by the computer. Department store computers
list and total your purchases, at the same time keeping
the inventory up to date and advising the company of
people’s buying habits. Thus, the computer permits the
company to buy more wisely. Credit bureau computers
know how much every adult owes, to whom, and how
the debt is being repaid. School computers record stu-
dents’ courses, grades, and other information. Hospital
and medical records are kept on anyone who has been ad-
mitted to a hospital.

Police agencies have access 10 d national computer that
can produce the police records of any known offender. The
census bureau and tax department of any country have in-
formation on all its citizens on computer.

On the office front, computers have relieved the ac-
countants of the drudgery of repetitious jobs such as pay-
roll processing. Many office workers work at home on a
company computer. This eliminates the necessity of trav-
eling long distances 10 work and the need for baby-sitting
services required by so many young working families to-
da‘y.

In air defense control systems, the position and course
of all planes from the network of radar stations are fed into
the computer along with the speed and direction of each.
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The information is stored and the future positions of the
planes are calculated.

In the manufacturing industry, the computer has con-
tributed to the efficient manufacture of all goods. It ap-
pears that the impact pf the computer will be even greater
in the years to come. Computers will continue to improve
productivity through computer-aided design (CAD), by
which the design of a product can be researched, fully de-
veloped, and tested before production begins (Fig. 74-5).
Computer-assisted manufacturing (CAM) results in less
scrap and more reliability through the computer control of
the machining sequence and the cutting speeds and feeds

Robots, which are computer-controlled, are used by in-
dustry to an increasing extent. Robots can be programmed
to paint cars, weld, feed forges, load and unload machin-
ery, assemble electric motors, and perform dangerous and
boring tasks formerly done by humans g’

N
[

FIGURE 74-5  CAD systems are invaluable to engineers who re-
search and design products. .

1. Name three methods of counting used by primitive’ '
people.

2. What was the first computer ever developed?

3. For what purpose were the first punched cards used
in the United States?

4. How many transistors and circuits can be found on.g
silicon chip?
How are computers used in medical centers?

6. How are computers affecting the manufacturing in-
dustry? '
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_;.Aﬁer‘corﬁpleting this unit, you should be able to:

 Identify the types of systems and controls used in
computer numerical control

E .
. 2 List the steps required to produce a part by
~ computer numerical control

3 Discuss the advantages and disadvantages of com-
puter numerical control

THEORY OF CNC

Computer numerical control (CNC) and the computer have
- brought tremendous changes to the metalworking industry.
~ New machine tools, in combination with CNC, enable in-
dustry to consistently produce parts to accuracies un-
- dreamed of only a few years ago. The same part can be re-
produced to the same degree of accuracy any number of
times if the CNC program has been properly prepared, the
computer has been properly programmed, and the machine

Computer Numerical
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2 1 umerical contro/ (NC) may be defined as a method of
N accurately controlling the operation of a machine tool by
a series of coded instructions, consisting of numbers, letters of
the alphabet, and symbols that the machine control unit
(MCU) can understand. These instructions are converted into
electrical pulses of current, which the machine motors and
controls follow to carry out machining operations on a work-
piece. The numbers, letters, and symbols are coded instruc-
tions that refer to specific distances, positions, functions, or
motions that the machine tool can understand as it machines
the workpiece. The measuring and recording devices incorpo-
rated into computer numerical control machine tools ensure
that the part being manufactured will be accurate. Computer
numerical control (CNC) machines minimize human error.

..............................................................

properly set up. The operating commands that control the
machine tool are executed automatically with amazing
speed, accuracy, efficiency, and repeatability.

THE ROLE OF A COMPUTER IN CNC

The computer has also found many uses in the overall
manufacturing process. It is used for part design using
computer aided design (CAD), testing, inspection, quality

585



control, planning, inventory control, gathering of data,
work scheduling, warehousing, and many other functions
in manufacturing. The computer is having profound ef-
fects on manufacturing techniques, and will continue to
have in the future. Computers fill three major roles in CNC:

1. Almost all machine control units (MCUs) include or in-
corporate a computer in their operation. These units
are generally called computer numerical controls
(CNC). '

2. Most of the part programming for CNC machine tools
is done with off-line computer assistance.

3. An increasing number of machine tools are con-
trolled or supervised by computers that may be in a
separate control room or even in another plant. This
is more commonly known as direct numerical control
(DNC).

TYPES OF COMPUTERS

Most computers fall into two basic types, either analog
or digital. The analog computer is used primarily in sci-
entific research and problem solving. Analog computers
have been replaced in most cases by the digital com-
puter. Most computers used in industry, business, and at
home, are of the electronic digital type. The digital com-
puter accepts an input of digital information in numeri-
cal form, processes that information according to pre-
stored or new instructions, and develops output data
(Fig. 75-1). ‘

There are generally three categories of computers and
computer systems: the mainframe, the minicomputer, and
the microcomputer.

The mainframe computer (Fig. 75-2), which can be
used to do more than one job at the same time, is large
and has a huge capacity. It is generally a company’s
main computer, the one that performs general-purpose
data processing such as CNC part programming, pay-
roll, cost accounting, inventory, and many other appli-

cations.
DATA
STORAGE

A
Y

PROCESSING
OF
DATA

DATA IN >

DATA OUT

FIGURE 75-1 The main function of the computer is to accept,
process, and output data.
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FIGURE 75-2 The mainframe computer, which can do many
jobs simultaneously, is larger and has more capacity than other
computers. (Courtesy Hewlett-Packard Company.),,

P

FIGURE 75-3 The minicomputer is generally a dedicated type
and performs specific tasks. (Courtesy Hewlett-Packard Company.)

t The minicomputer (Fig. 75-3) is generally smaller in
size and capacity than the mainframe computer. This
type of computer is generally a “dedicated” typé
which means that it performs specific tasks.

£ The microcomputer (Fig. 75-4) generally has one chip
(a microprocessor) that contains at least the arith-!
metic-logic and control-logic functions of the central
processing unit (CPU). The microprocessor is usually
designed for simple applications and must be accom-
panied by other electronic devices, on a printed circuit
board, for more complex applications.




IFIGURE 75-4 The microcomputer generally contains only one
chip and is designed for simple applications. (Courtesy Hewletf-Packard
Company.)

§ COMPUTER FUNCTIONS

& The function of a computer is to receive coded instruc-
tions (input data) in numerical form, process this infor-
mation, and produce output data that causes a machine
tool to function. Many methods are used to put informa-
tion on a computer, such as punched or perforated tape,
‘magnetic tape, floppy disks, and specially designed sen-
sors (Fig. 75-5). The most commonly used method to in-
put data is directly through the computer.

f INPUT OuTPUT
ooo T 1
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KEYBOARD _} CRT TERMINAL
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PUNCHED TAPE PRINTOUTS

1 El i @

-
PUNCHED PUNCHED TAPE
CARDS == e
-~ —
COMPUTER
MAG TAPE PUNCHED
DISKETTES MAG TAPE
o I |
SENSORS/ \SKETT!
TRANSDUCERS DIBREME

FIGURE 75-5 Common methods used to provide input into and
0Ut of the computer. (Modern Machine Shop.)

CNC PERFORMANCE

CNC has made great advances since NC was first intro-
duced in the mid-1950s as a means of guiding machine
tool motions automatically, without human assistance.,
The early machines were capable only of point-to-point
positioning (straight-line motions), were very costly,
and required highly skilled technicians and mathemati-
cians to produce the tape programs. Not only have the
machine tools and controls been dramatically im-
proved, but the cost has been continually lowered. CNC
machines are now within the financial reach of small
manufacturing shops and educatiq,néi institutions.
Their worldwide acceptance has bgen a result of their
accuracy, reliability, repeatability, and productivity

(Fig. 75-6).
. CNC OFFERS

] | |
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FlGURE 75-z/ CNC offers industry many advantages. (Courtesy

Kelmar Associates.)

Accuracy

CNC machine tools would not have been accepted by in-
dustry if they were not capable of machining to very close
tolerances. At the time CNC was being developed, indus-
try was looking for a way to improve production rates and
achieve greater accuracy on their products. A skilled ma-
chinist is capable of working to close tolerances, such as
+.001 in. (0.025 mm), or even less, on most machine tools.
[t has taken the machinist many years of experience to de-
velop this skill, but this person may not be capable of
working to this accuracy every time. Some human error
means that some of the product may have to be scrapped.

Modern CNC machine tools are capable of consistently
producing workpieces that are accurate to within a toler-
ance of .0001 to .0002 in. (0.0025 to 0.005 mm). The ma-
chine tools have been built better, and the electronic con-
trol systems ensure that parts within the tolerance allowed
by the engineering drawing will be produced.

Reliability

The performance of CNC machine tools and their control sys-
tems had to be at least as reliable as the machinists, tool-
makers, and diemakers for industry to accept this machining
concept. Since consumers throughout the world were de-
manding better and more reliable products, there was a great

Computer Numerical Control 3537
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