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Unit 1 Automation

v

1.1 Mechanization and Automation

Processes of mechanization have been developing and becoming more complex ever
since the beginning of the Industrial Revolution at the end of the 18th century. The cur-
rent developments of automatic processes are, however, different from the old ones. The
“automation” of the 20th century is distinct from the mechanization of the 18th and 19th
centuries in as much as mechanization was applied to individual operations, whereas “au-
tomation” is concerned with the operation and control of a complete producing unit®. And
in many, though not all, instances the element of control is so great that whereas mecha-
nization displaces muscle, “automation” displaces brain as well®.

The distinction between the mechanization of the past and what is happening now is,
however, not a sharp one. At one extreme we have the electronic computer with its quite
remarkable capacity for discrimination and control, while at the other end of the scale are
“transfer machines”, as they are now called, which may be as simple as a convey or belt
to another. An automatic mechanism is one which has a capacity for self-regulate, that is,
it can regulate or control the system or process without the need for constant human at-
tention or adjustment®. Now people often talk about “feedback” as being an essential fac-
tor of the new industrial techniques, upon which is based an automatic self-regulating sys-
tem and by virtue of which any deviation in the system from desired conditions can be de-
tected, measured, reported and corrected. When “feedback” is applied to the process by
which a large digital computer runs at the immense speed through a long facts that have
been put to machines. This is perhaps very different with the familiar machines. But
“feedback”, as such, is a familiar mechanical conception. The old-fashioned steam engine
was fitted with a centrifugal governor, two balls on levers spinning round and round an
upright shaft. If the steam pressure rose and the engine started to go too fast, the in-
creased speed of the spinning governor caused it to rise up the vertical rod and shut down
a valve. This cut off some of the steam and thus the engine brought itself back to its prop-
er speed.

The mechanization, which was introduced with the Industrial Revolution, because it
was limited to individual processes, required the employment of human labor to control
each machine as well as to load and unload materials and transfer them from one place to

another. Only in a few instances were processes automatically linked together and was
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production organized as a continuous flow.

In general, however, although modern industry has been highly mechanized ever
since the 1920s, the mechanized parts have not as a rule been linked together. Electric-
light bulbs, bottles and the components of innumerable mass-produced articles are make
in mechanized factories in which a degree of automatic control has gradually been building
up®. The development of the electronic computer in the 1940s suggested that there were
a number of other devices less complicated and expensive than the computer which could
share the field of mechanical control®. These devices mechanical, pneumatic and hydrau-
lic have been considerably developed in recent years and will continue to advance now that
the common opinion is favoring the extension of “automation”. Electronic devices, of
course, although not the sole cause of what is happening, are nevertheless in a key posi-
tion. They are gaining in importance and unquestionably hold out exceptional promise for

development in the future.
New Words

mechanization [ imekonai'zeifon] n. HLIRL

discrimination [ disicrimi’neifon] n. $H, %XF, HF
feedback ['fi:dbeek] n. i, [l

deviation [di:vi'eifon] n. W2, W

spinning [ 'spinin] adj. BEFEH

pneumatic [nju(:) 'metik] adj. =58, <

hydraulic [hai'dro.lik] adj. WK

remarkable [ri'ma:kobl] adj. B, FENM, EHEBEEW
old-fashioned [ 'sud'fefond] adj. ZHXH, IHK

Phrases and Expressions

inasmuchas KX, BT, BF

Notes

@ The “automation” of the 20th century is distinct from the mechanization of the
18th and 19th centuries in as much as mechanization was applied to individual operations,
whereas “automation” is concerned with the operation and control of a complete producing

unit.

20 tHEH Tl B 3L Z A BT+ /A Lt S s pLAL . & B DR (LR A T8RN
A B, Ti B3I R A 7= 2 70 T B ST AR R RS (B B4y, be dis-
tinet from (&eeeeee FERBERXAD, in as much as (FHgeee--- ) Bl R— PN ERERIENSE], A
W F because, whereas ZREEHTER, YT while BRHRA, HE. RZHEE, be
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concerned with (&-----HRE),

@ And in many, though not all, instances the element of control is so great that
whereas mechanization displaces muscle, “automation” displaces brain as well.

EREHHEALT, ERTHRAREEBRRKIE, IBAUERRETFIH3), mAE
S AR TIN5 8. muscle (PLPD X BREEM, RAKNFHFF), brain (R RFEEWw
RSy, FERM SN, as well (as) HH24F and,

® An automatic mechanism is one which has a capacity for self-regulate, that is, it
can regulate or control the system or process without the need for constant human atten-

tion or adjustment.

BRI EEY B RN RS, R, URERA A THEMEZRRERT, 83
St RGBT I EAI TR AIEY . which 31 REEMEIENE, B one, self regulate
(HRIFFEED, without the need... (FEARFTE -+ BIESLT) .

@ In general, however, although modern industry has been highly mechanized ever
since the 1920s, the mechanized parts have not as a rule been linked together. Electric-
light bulbs, bottles and the components of innumerable mass-produced articles are make
in mechanized factories in which a degree of automatic control has gradually been building
up.

— TS, M 20 th4E 20 SERLUSR, REFCTWELLI T mENMRL, SRITTE R
WAL BRI B R —R. YA T &7 TR iTH., R FRXER A K™ Mou
e, XEHLBAL T B B SR H 25188 T N3, in general GEF, Kk, — B,
ever since (H Mreoeee Y, F/AE H R B EIES has been highly mechanized, as a rule
GEAE), in which=where 5| 5838 RIEMA], BHi factories, building up (138 .

G The development of the electronic computer in the 1940s suggested that there
were a number of other devices less complicated and expensive than the computer which

could share the field of mechanical control.

20 it48 40 4EAREE FHBHLN R IR, BURE VU B SUR A K th BUR B B L
B, BRI

Questions

—. RiFN

(1) Industrial Revolution, mechanization and automatization, self-regulating sys-
tem, feedback, mass-produced articles, hydraulic control, component, load and unload.

(2) Now people often talk about “feedback” as being an essential factor of the new
industrial techniques, upon which is based an automatic self-regulating system and by vir-
tue of which any deviation in the system from desired conditions can be detected, meas-
ured, reported and corrected.

(3) The mechanization, which was introduced with the Industrial Revolution, be-

cause it was limited to individual processes, required the employment of human labor to
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control each machine as well as to load and unload materials and transfer them from one
place to another.

=, NiFExE

(1) —fkid. AM 20 4 80 4R, HHEIERMEBHAME L REHBBBL.

(2) {EBASIAY RS, XMEFREFH-RARCSBRME, 4™ S48k
AR,

(3) HEIWIMEBER - ATAY, AFEALRENRE.

#F X
1.1 HLWfe R a3 fk

B 18 K T/ fr i, T LML — B E R, HEEBEk
WE . HBRH T AL RELAN T A S BERREAR. 20 HL2H
Tolv @32 57 LA B F+ A JL S B BLRAL , = B R PUARAL SR A TR GRAD
HLE, T S B R A P TR T R R A (Bl W, ERBBUE
AT, BHTHRREEERANNE, IRLEERET T3, mABLRE
T AT

PR 0 R RAE T MBI R JIARRAE . 7E—5RRA B HIFIE G 2h e
BT EN, B—MHERITEMFTRN “SHym”, EMERT 5 HRE R 2
EHER. QALY AT RS, BHRRE, ERERAATRMARKER
T, B RGBT RRAEY . ART AR CERRR LI
RE RS D, TRUESET RENEM, BT RERE SHBEZ R RERE
H, TR EEE. R, BRMKRENASE. RBEHMATRESHRABEFITE
PiTEZREEN, S THANELNE, HHILE¥S— a7, HERE SR
SR, X SRDAAMMHIERRMNET ., B2, RFEAERRIIETAENILER
&, IBRMEEAIEEA B OGRS, BT LR RN SRS e, SEAR, K
BB AR, FERS SRS E A, FESTAT BT, SCHIRITT, UIMTARIR, AR SIHIKE
BIEEREE .

BEE T AR B, LRI thBEZ =4, i FiX i i AURALOUR RT3 A4 7=
B, Eit, BEMHA TGN REEM R, AT EE 5 —1
M. AR B BT, X4 = f2 B  B ShAT R R, B RS A M
CSat 8

—MRTIE . A 20 A 20 SEARLOK, REFRTIELLI T RENML, BEREF
WAL R RSB A B R —R . HUBRALE T A= T 0T . TRk &A= 7 i T
ff, KAL) B E SRR H 28188 TR, 20 4D 40 FRATFHAENNER, &
BREZEVURE B SR MBI R BT IR MR SR M. PURRE. SRR,
WEREE, IHFEERDHE TRANER, HEHERRT S, HENRLAIRENTHE
FEEERE. SRR UG TREX Ba A s R BEEREE, BAESE B3hEH
%R RSk R RIEAR TG B IVER
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TEER

—. TEENX :

(1D Tolk#dr, YMAFIE ML, BRAYTERS, =I5, KEEFH&&, BEEH,
TofF GRME), FHEFHEHR.

(2) ARTUBFRNZOCRERELAMNEFREN SR D, BRUEIET
R A, BT REME SPEEZRIKMERES, THAEZRN., MR, BRI
EITEER.

(3) W& T EaE N, Ptz =k, B FXB LA UR R T a4
o8, FEATEHEHIE, HEREMEEME.

., NiFK

(1) In general, computer technology and information technology have rapidly devel-
oped ever since the 1980s.

(2) By virtue of the automatic self-regulating system, the quality of products made
by this mass-produced line has been greatly improved, and lower and lower in the produc-
tive cost.

(3) An automatic mechanism is a system which has a capacity for self-regulate with-

out the need for human adjustment.

1.2 Industrial Robots

There are a variety of definitions of the term “robot”. Depending on the definition
used, the number of robot installations worldwide varies widely. Numerous single-pur-
pose machines are used in manufacturing plants that might appear to be robots®. These
machines are hardwired to perform a single function and can not be reprogrammed to per-
form a different function. Such single purpose machines do not fit the definition for indus-
trial robots that is becoming widely accepted. This definition was developed by the Robot
Institute of America.

A robot is a reprogrammable multifunctional manipulator designed to move material,
parts, tools, or specialized devices through variable programmed motions for the perform-
ance of a variety of tasks.

Note that this definition contains the words “reprogrammable” and “multifunction-
al”®. The term “reprogrammable” implies two things: The robot operates according to a
written program, and this program can be rewritten to accommodate a variety of manufac-
turing tasks.

The term “multifunctional” means that the robot can, through reprogramming and

the use of different end-effectors, perform a number of different manufacturing tasks.
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Definitions written around these two critical characteristics are becoming the accepted def-
initions among manufacturing professionals.
The first articulated arm came about in 1951 and was used by the U. S. Atomic Ener-

gy Commission. In 1954, the first programmable robot was designed by George Devol. It
was based on two important technologies:

(1) Numerical Control (NC) technology.

(2) Remote manipulation technology.

Numerical Control technology provided a form of machine control ideally suited to ro-
bots. It allowed for the control of motion by stored programs®. It allowed for the control
of motion by stored programs. These programs contain data points to which the robot se-
quentially moves, timing signals to initiate action and to stop movement, and logic state-
ments to allow for decision making.

Remote manipulation technology allowed a machine to be more than just another NC
machine. It allowed such machines to become robots that can perform a variety of manu-
facturing tasks in both inaccessible and unsafe environments. By merging these two tech-
nologies, Devol developed the first industrial robot, an unsophisticated programmable
materials handling machine.

The first commercially produced robot was developed in 1959. In 1962, the first in-
dustrial robot to be used on a production line was installed by General Motors Corpora-
tion. This robot was produced by Unimation. A major step forward in robot control oc-
curred in 1973 the development of the T-3 industrial robot by Cincinnati Milacron. The T-
3 robot was the first commercially produced industrial robot controlled by a minicomput-
er.

Numerical control and remote manipulation technology prompted the wide-scale de-
velopment and use of industrial robots. But major technological developments do not place
simply because of such new capabilities. Something must provide the impetus for taking
advantage of these capabilities. In the case of industrial robots, the impetus was econom-
ics. The rapid inflation of wages experienced in the 1970s tremendously increased the per-
sonnel costs of manufacturing firms. At the same time, foreign competition became a seri-
ous problem for U.S. manufacturers. Foreign manufacturers who had undertaken auto-
mation on a wide-scale basis, such as those in Japan, began to gain an increasingly large
share of the U. S. and world market for manufactured goods, particularly automobiles.

Through a variety of automation techniques, including robots, Japanese manufactur-
ers, beginning in the 1970s, were able to produce better automobiles more cheaply than
nonautomated U. S. manufacturers. Consequently, in order to survive, U.S. manufac-

turers were forced to consider any technological developments that could help improve

productivity.
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It became imperative to produce better products at lower costs in order to be competi-
tive with foreign manufacturers. Other factors such as the need to find better ways of per-
forming dangerous manufacturing tasks contributed to the development of industrial ro-
bots. However, the principal rationale has always been, and is still, improved productivi-
ty.

One of the principal advantages of robots is that they can be used in settings that are
dangerous to humans. Welding and parting are examples of applications where robots can
be used more safely than humans®. Even though robots are closely associated with safety
in the workplace, they can, in themselves, be dangerous.

Robots and robot cells must be carefully designed and configured so that they do not
endanger human workers and other machines. Robot work envelopes should be accurately
calculated and a danger zone surrounding the envelope clearly marked off. Red flooring
strips and barriers can be used to keep human workers out of a robot’s work envelope.

Even with such precautions it is still a good idea to have an automatic shutdown sys-
tem in situations where robots are used. Such a system should have the capacity to sense
the need for an autocratic shutdown of operations. Fault-tolerant computers and redun-
dant systems can be installed to ensure proper shutdown of robotics systems to ensure a

safe environment.

New Words

manipulator [ mo'nipjuleita] n. ¥AEH, BHE, BIS

accommodate [o'ko:modeit] vt. ftR, &I, O, &, WEM; vi BA
end-effector [endi'fekto| RIRPATEE, KHuds

articulated [a:'tikjulitid] adj. &Ry, B

remote [ ri'mout] adj. EEHI, KUY

merge [mo:d3] v. &3, &8, ME
Phrases and Expressions

remote manipulation E¥E

T-3 industrial robot T-3 HlEE A (—FEESEBREEIETERIE N
work envelopes THEfIE, T4 (FEAYLES AR KB KB A TAETEE /e R
H— S MES)

Notes

(@ Numerous single-purpose machines are used in manufacturing plants that might

appear to be robots.

TERE T RS R ARILSTREEEREIEA.



8 o E

@ Note that this definition contains the words “reprogrammable” and “multifunc-
tional”. .

FEAXNMEXPEE “FTUBERE” M “ZI” XmAE.

® Numerical Control technology provided a form of machine control ideally suited to
robots. It allowed for the control of motion by stored programs.

B AR BT —MHEEEESVSANPISREREAR . BB R Xz sh it
frdstl

@ One of the principal advantages of robots is that they can be used in settings that
are dangerous to humans. Welding and parting are examples of applications where robots
can be used more safely than humans.

PFLEE A — A EEAL SR BT LIAEXT AZSR R AR RS TAE. flan, BEMmy
ETHE, BV ARERS BRI E L%,

Questions

ZEIFN

(1) Robots, we read about them, applaud their heroism at the movies and secretly
fear we may make them too smart for our own good.

(2) Instead, they are more apt to be just a mechanized arm with a metal gripper at
the end that forms “a hand”.

(3) When plugged into an electrical outlet, this assembly of microprocessors, much
like the human brain, transmits electrical impulses along pathways which run from the

computer itself down the robot’s arm and into its hand.
B X
L2 Tl HL & A

T “HLIBN” XA RS R ESOER. BEY AT 0ESL, PR ARER
BRAES MR AARE. ST PEANFLSEARISTESEERGIBEA. XK
PASE B I TR, RN RS EHRERIIT AR, XFe—H
EHES RGO ME ER R 0 T LA A . A58 SO R EHLA ABTFEBT #é
.

P AR — R BUE BN SN, XUR BRI AREEME . T4, T
B, SOl AT AR TR ST A M S IR R B

ERIERAE XA A B REET i “BIhEE” XFAMEA, “FTUREREF X
AAERE TGS . VS ARBREHTMEF SRR, XA R LRI FE B
SREHMEH.

“LIHEE” XAMAERE A E T EHRE MR R F AR R IT AR LA Z AR
1%, ELEXFHMEOIRIE HiE LELB Rl BT Z #ZRHEAE X,
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B RTWERAMBAE 1951 4, BRERTREZSRM. 1954 4§, F—-1TAHE
PLas Ay George Devol ity X MLSFARTHAEZKEAR.

D) FFER (NO) £k

(2) BEA.

Fr BRI AR TR E SIS ANILSER A . EEIFENRFES)
PFATER. EEEREAEORFETHER RGBT, XEBRFEET THEEA
BT R IR MBS A, REBUTESI R ILE S WENFES, LR RERZE
B,

B BAR LR AR UUE S — B BIEVUR. BRSSO EBEAN IR BE
AR 2HIE P RRAMESF RPN . Bl XFRHBARBEE, Devol B3t 7 H—41Tik
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1.3 Numerical Control

One of the most fundamental concepts in the area of advanced manufacturing technol-
ogies is Numerical Control (NC). Prior to the advent of NC, all machine tools were man-
ually operated and controlled. Among the many limitations associated with manual control
machine tools. Perhaps none is more prominent than the limitation of operator skills.
With manual control, the quality of the product are directly related to and limited to the
skills of the operator. Numerical Control represented the first major step away from hu-
man control of machine tools.

Numerical Control means the control of machine tools and other manufacturing systems
through the use of prerecorded, written symbolic instructions. Rather than operating a machine
tool, an NC technician writes a program that issues operational instructions to the machine
tool®. For a machine tool to be numerically controlled, it must be interfaced with a device for
accepting and decoding the programmed instructions, known as a reader.

Numerical Control was developed to overcome the limitation of human operators, and
it has done so. Numerical Control machines are more accurate than manually operated ma-
chines, they can produce parts more uniformly, they are faster, and the long-run tooling
costs are lower?. The development of NC led to the development of several other innova-
tions in manufacturing technology: |

(1) Electrical discharge machining.

(2) Laser cutting.

(3) Electron beam welding.

Numerical Control has also made machine tools more versatile than their manually
operated predecessors. An NC machine tool can automatically produce a wide variety of
parts, each involving an assortment of widely varied and complex machining processes.
Numerical Control has allowed manufacturers to undertake the production of products
that would not have been feasible from an economic perspective using manually controlled

machine tools and processes.
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Like so many advanced technologies, NC was born in the laboratories of the Massa-
chusetts Institute of Technology. The concept of NC was developed in the early 1950s
with funding provided by the U. S. Air Force. In its earliest stages, NC machines were a-
ble to make straight cuts efficiently and effectively.

However, curved paths were a problem because the machine tool had to be pro-
grammed to undertake a series of horizontal and vertical steps to produce a curve. The
shorter the straight lines making up the steps had to be calculated. '

This problem led to the development in 1959 of the Automatically Programmed Tools
(APT) language. This is a special programming language for NC that uses statements
similar to English language to define the part geometry, describe the cutting similar to
English language to define the part geometry, describe the cutting tool configuration, and
specify the necessary motions. The development of the APT language was a major step
forward in the further development of NC technology. The original NC systems were
vastly different from those used today. The machines had hardwired logic circuits. The
instructional programs were written on punched paper, which was later to be replaced by
magnetic plastic tape. A tape reader was used to interpret the instructions written on the
tape for the machine. Together, all of this represented a giant step forward in the control
of machine tools. However, there were a number of problems with NC at this point in its
development.

A major problem was the fragility of the punched paper tape medium. It was common
for the paper tape containing the programmed instructions to break or tear during a machi-
ning process. This problem was exacerbated by the fact that each successive time a part
was produced on a machine tool, the paper tape carrying the programmed instructions had
~ to be rerun through the reader. If it was necessary to produce 100 separate times. Fragile
paper tapes simply could not withstand the rigors of a shop floor environment and this
kind of repeated use.

This led to the development of a special magnetic plastic tape. Whereas the paper
tape carried the programmed instructions as a series of holes punched in the tape. The
plastic tape carried the instructions as a series of magnetic dots. The plastic tape was
much stronger than the paper tape, which solved the problem of frequent tearing and
breakage. However, it still left two other problems.

The most important of these was that it was difficult or impossible to change the in-
structions entered on the tape. To make even the most minor adjustments in a program of
instructions, it was necessary to interrupt machining operations and make a new tape. It
was also still necessary to run the tape through the reader as many times as there were
parts to be produced®. Fortunately, computer technology became a reality and soon

solved the problems of NC associated with punched paper and plastic tape.



