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1. What Is “Mechatronics”?

“Mechatronics” is a term coined by the Japanese to describe the integration
of mechanical and electronic engineering. © The concept may seem to be anything
but new, since we can all look around us and see a myriad of products that utilize
both .mechanical and electronic disciplines. ® Mechatronics, however, specifically
refers to a multidisciblined, integrated approach to product and manufacturing
system design.® It represents the next generation of machines, robots, and
smart mechanisms necessary for: carrying out work in a variety of environments
— primarily, factory automation, office automation, and home automation as

shown in Figure 1. @

QFFICE
AUTOMATION

Figure 1. Mechatronic Environments.

By both implication and application, mechatronics represents a néw level of
integration for advanced manufacturing technology and processes. The intent is
to force a multidisciplinary approach to these systems as well as to reemphasize
the role of process understanding and control. This mechatronic approach is cur-
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rently speeding up the already-rapid Japanese process for transforming ideas into
products. © »

Curréntly, mechatronics describes the Japanese practice of using fully inte-
grated teams of product designers, manufacturing, purchasing, and marketing
personnel acting in concert with each other to design both the product and the
manufacturing system.

The Japanese recognized that the future in production innovation would be-
long to those who learned how to optimize the marriage between electronic and
‘mechanical systems. © They realized, in particular, that the need for this opti-
mization would be most intense in application of advanced manufacturing and
production systems where artificial intelligence, expert systems, smart robots,
and advanced manufacturing technology systems would create the next genera-
tion of tools to be used in the factory of the future.

From the very beginnings of recorded time, mechanical systems have found
their way into every aspect of our society. ® Qur simplest mechanisms, such as
gears, pulleys, springs, and wheels, have provided the basis for our tools. Qur
electronics technology, on the other hand, is completely twentieth-century, all
of it created within the past 75 years. ©.

Until now, electronics were included to enhance mechanical systems’ per-
formance, but the emphasis remained on the mechanical product. Thete had nev-
er been any master plan on how the integration would be done. @ In the past, it
had been done on a case-by-case basis. € More recently, however, because of the
overwhelming advances in the world of electronics and its capability to physically
'simplify mechanical configurations, the technical community began to reassess
the marriage between these two disciplines.

The most obvious trend in the direction of mechatronic innovation can be
observed in the automobile industry. There was a time when a car was primarily
a mechanical marvel with a few electronic appendages. .

First came the starter motor, and then the generator, each making the orig-
inal product a bit better than it was before. ® Then came solid-state electronics,
and suddenly the mechanical marvel became an electro-mechanical marvel. @
Today’s machine is controlled by microprocessors, built by robots, and fault-an-
alyzed by a computer connected to its “external interface connector”. ® Automo-
tive mechanical engineers are no longer the masters of Fheir creations.

The process that describes the evolution of the automobile is somewhat typi-

— 9 —



ca! of other products in our society. ® Electronics has repeatedly improved the
performance of mechanical systems, but that innovation has been more by
serendipity than by design. © And that is the essence of mechatronics —the pre-
planned application of , and the efficient integration of, mechanical and elec-
tronics technology to create an optimum product. ®

A recent U. S. Department of Commerce report entitled “JTECH Panel Re-
port on Mechatronics in Japan” compared U. S. and Japanese research and devel-
opment trends in specific areas of mechatronics technology. ® Except for a few
areas, the technology necessary to accomplish the development of the next gen-
eration of systems embodying the principles of mechatronics is fully within the
technological reach of the Japanese. ® .

Comparisons were made in three categories ; basic research, advanced devel-
opment, and product implementation. ® Except for machine vision and software,
Japanese basic research was comparable to the United States, with the Japanese
closing in fast on macchine vision system technology. 2 Japanese artificial intelli-
gence research is falling behind, primarily. because the Japanese do not consider
it an essential ingredient of their future systems, they appear capable of closing
even that gap, if required. In the advanced development and product implemen-
tation areas, Japan is equal to or better than the United States, and is continuing
to pull ahead at this time.

The Department of Commerce report concluded that Japan is maintaining its
position and is in some cases gaining ground over the United States in the appli-
cation of mechatronics. ® Their progress in mechatronics is important because it
addresses the very means for the next generation of data-driven advanced design
and manufacturing technology. ® In fact, the Department of Commerce report
concludes that this has created a regenerative effect on Japan’s manufacturing in-
dustries. _

To close the gap, we will need to go much further than creating new tools.
If we accept the fact that mechanical systems optimally coupled with electronics
components will be the wave of the future, then we must also understand that
the ripple effect will be felt all the way back to the university, where we now
keep the two disciplines of mechanics and electronics separated and allow them to
meet only in occasional overview sessions. ® New curricula must be created for a
new hybrid engineer —a mechatronics engineer. Only then can we be assured
that future generations of product designers and manufacturing engineers will
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fully seek excellence in these new techniques.

We need to rethink our present-day approach of separating our engineering
staffs both from each other and from the production engineers. ® Living together
and communicating individual knowledge will create a new synergistic effect on

products. Maximum interaction will be the key to optimum designs and new

product development. @ ' )

The definition of mechatronics is much more significant than its combined
words imply. It can physically turn engineering and manufacturing upside
down. & It will change the way we design and produce the next gener;tion of high
technology products. @ The nation that fully implements the rudiments of mecha-
tronics and vigorously pursues it will lead the world to a new generatxon of tech-

nology innovation with all its profound implications.®

New Words and Expressions

mechatronics [ mi'ketroniks ] n. L8
B2, Pl —

term [tom] n. RiE

coin [koin] v. AU G

integration [intig'reifon] n. 44&,—&
tk

discipline [ 'disiplin] n. 2#

multidisciplined [ malti'disiplind ]
adj. £2%#H ,

integrate ['intigreit] v. fi—4k{k,{F5

Pas
(=]

generation [d3ens'reifon] n. (—)ft
robot ['robat] n. HLEEA
smart [sma:t] adj. REH,RI5H
implication [impli'keifon] n. & X;&
R
process ['prousis] n. TZ@EHAR), T
STy, AR
multidisciplinary [ \malti'disiplinari ]
adj. BIREEZFHERY
reemphasize [ri'emfasaiz] v. K E®RiH
team [tiim] n. FA,4
4 —

purchase ['pa:tfos] v. WX, RM

market v. 8
personnel [pa:sa'nel ] n. (££#) AR H
}% ,

innovation [inau'veifon] n. B, #H
optimize ['optimaiz] v. FEEL
marriage ['marid3] n. #4546
optimization [optimi'zeifon] #. 4k
intense [in'tens | adj. Bikay, WA
enhance [inha:ins] v. M&, &85
performance [pa'fo:mens] n. #:8E, 4%
¥
emphasis ['emfasis] n. FEM@)
overwhelming [ suve'hwelmiy] adj.
EBI, REf#R
physically ['fizikali] adv. %ZEF E
simplify ['simplifai] v. %k
configuration [konfigju'reifen] »n. %
- MM
community [ko'mjuniti] n. F#&; R
reassess [ 'ri:a'ses | v. Xf---EIEH
automobile ['o:tomobil ] n. K%



marvel [ 'mawal] n. #Hif
appendage [o'pendid3] n. Kk
starter ['state] n. &3
generator ['dzenoreita] n. KAl

microprocessor [ 'maikraprausisa] n.

Wab R
interface ['intofeis ] n. 80O
connector [ka'nekta] n. #EiE%
automotive [ota'moautiv] adj. KEH
creation [krii'eifon] n. £l
evolution [i:va'lu:fon] n. &8,.3R
repeatedly [ri'pi:tidli] adv. KB #, &

=#

serendipity [seron'dipiti] n. BT R

FAFYHNARE
essence ['esns| n. W& HK
preplan [pri:'plen] v. HZHR0, 3
commerce ['koma:s] n. %5,
panel [penl] n. /N@E,.HZRE
embedy [im'bodi] v. B#kik
comparison [ kam'paerisn] n. H &, %t
implementation [implimen'teifon ] =.
L '
software ['softwea] n. ¥4
ingredient [ing'ridiont] n. A4,
EX

gap [gep] n. ZHE; AR

regenerative [ri'dgensritiv] adj. ER
074

optimally [‘optimali | adv. B iEH, &
=p.uh

ripple [ripl] n. ik, 5%

overview [‘ouvaviu] n. &R, HR

session [ 'sefon] n. _biRATA] ;%A

curriculam [ka'rikjulom] (p{. curric-
ula [ko'rikjule] ». B8, BEx

hybrid [‘haibrid] adj. B&H

seek [sik] v. F#k, 53

staff [sta:f] n. (£HOTHEAR

communicate [ ka'mju:nikeit ] v. #%3&;
Hif

synergistic [sina'dzistik ] adj. &may,
EAW

interaction [intar'aek[on] n. HEEH,
PR

implement [ 'implimant] v. 3C30;# 4t
Wik

rudiment ['rudimont] n. (pl.) &,
N

vigorously ['vigarasli| adv. BE H#

pursue [pa'sjui] v. 1T, BH

profound [pra'faund] adj. &XFTH
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2. Benefits of Mechatronics

Mechatronics may sound like utopia to many product and manufacturing
managers because it is often presented as the solution to nearly all of the prob-
lems in manufacturing. 'In particular, it promises to increase productivity in the
factory dramatically. Design changes are easy with extensive use of mechatronic
elements such as CAD; CAP and MIS systems help in scheduling; and flexible
manufacturing systems, computer-aided design, and computer-integrated manu-
facturing equipment cut turnaround time for manufacturing. ® These subsystems
minimize production costs and gréatly increase equipment utilization. Connec-
tions from CAE, CAD, and CAM help create designs that are economical to
manufacture; control and communications are improved, with minimal paper
flow; and CAM equipment minimizes time loss due to setup and materials han-
dling. @

Many companies that make extensive use of computers view their factories
as examples of mechatronic concepts, but on close examination their integration
is horizontal —in the manufacturing area only —or at best includes primarily man-
ufacturing and management. ® General Electric, as part of its effort to become a
major vendor of factory automation systems, has embarked on ambitious plans
for integration at several of its factories, including its Erie Locomotive Plant, its
Schenectady Steam Turbine Plant, and its Charlottesville Controls Manufactur-
ing Division. ® The primary benefits of mechatronics, with an emphasis on ad-
vanced manufacturing technology and factory automation, are summarized be-

low. ®
High Capital Equipment Utilization

Typically, the throughput for a set of machines in a mechatronics system
will be up to three times that for the same machines in a stand-alone job shop en-
vironment. ® The mechatronic system achieves high efficiency by having the com-
puter schedule every part to a machine as soon as it is free, simultaneously mov-
ing the part on the automated material handling system and downloading the ap-
propriate computer program to the machine. @ In addition, the part arrives at a
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machine already fixtured on a pallet (this is done at a separate work station) so

that the machine does not have to wait while the part is setup. @
Reduced Capital Equipment Costs

The high utilization of equipment results in the need for fewer machines in
the mechatronic system to do the same work load as in a conventional system. ®
Reductions of 3:1 are common-when replacing machining centers in a job-shop

situation with a mechatronic systelm.@

Reduced Direct Labor Costs

Since each machine is completely under computer control, full-time over-
sight is not required. Direct labor can be reduced to the less skilled -personnel
who fixture and defixture the parts at the work station, and a machinist to over-
see or repair the work stations, plus the system supervisor. ® While the fixturing
personnel in mechatronic environments fequire less advanced skills than corre-
sponding workers in conventional factories, labor cost reduction is-somewhat
offset by the need for computing and other skills which may not be required in

traditional workplaces.
Reduced Work-in-Process Inventory and Lead Time®

The reduction of work-in-process in a mechatronic system is quite dramatic
when compared to a job-shop environment. Reductions of 80 percent have been
reported at some installations and may be attributed to a variety of factors which
reduce the time a part waits for metal-cutting operations. These factors include
concentration of all the equipment required to. produce part into a small area; re-
duction in the number of fixtures required; reduction in the number of machines
a part must travel through because processes are combined in work cells; and ef-
ficient computer scheduling of parts batched into and within the mechatronic sys-

tem. ®

Responsiveness to Changing Production Requirements

A mechatronic system has the inherent flexibility to manufacture different
products as the demands of the marketplace change or as engineering design
changes are introduced. Furthermore, required spare part production can be
mixed into regular runs without significantly disrupting the normal mechatronic

— 10 —
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system production activities. ®

Ability to Maintain Production

Many mechatronic systems are designed to degrade gracefully when one or
more machines fail. This is accomplished by incorporating redundant machining
capability and a material handling system that allows failed machines to be by-

passed. Thus, throughput is maintained at a reduced rate.
High Product Quality

A sometimes-overlooked advantage of a mechatronic system, especially
when compared to machines that have not been federated into a cooperative sys-
tem, is improved product quality. The basic integration of prod'uct design char-
acteristics with production capability, the high level of automation, the reduc-
tion in the number of fixtures and the number of machines visited, better de-
signed permanent fixtures, and greater attention to part/machine alignment all
result in good individual pért quality and excellent consistency from one work-

piece to another, further resulting in greatly reduced costs of rework. ®
Operational Flexibility

Operational flexibility offers a significant increment of enhanced productivi-
ty. In some facilities, mechatronic systems can run virtually unattended during
the second and third shifts. ® This nearly “unmanned” mode of operation is cur-
rently the exception rather than the rule. ® It should, however, become increas-
ingly common as better sensors and computer controls are developed to detect
and handle unanticipated problems such as tool breakages and part-flow jams. ®
In this operational mode, inspection, fixturing, and maintenance can be per-

formed during the first shift.
Capacity Flexibility

With correct planning for available floor space, a mechatronics system can
be designed for low production volumes initially; as demand increases, new ma-

chines can be added easily to provide the extra capacity required. ®
New Words and Expressions

sound [saund | v. ¥ utopia [ju:'toupia] 7. EIEIR, EAERK =




EHEF
promise [ 'promis] v. &--A[fE
dramatically [dra'metikeli] adv. §%¥
Hh
element n. W5
scheduling [ 'fedjulin] »n. 4a#iiE
cut v. HI®
turnaround [ 'tornsraund] n. T{EE#H
subsystem ['sabsistim] n. F&%
minimize ['minimaiz] v. - BWER/D
utilization [ju:tilai'zeifon] ». FJfH (&)
create [kri'eit | v. =, B, 8IE
communication [ kanjumi'keifon] n.
R, B
setup v. ¥, %H
horizontal [hori'zontal ] adj. ¥y,
TKFHY
vendor [ 'vendsa] n. £F
embark [im'bak]v. \E.&EF
Erie ['iari] n. f##(ZEATRA)
locomotive ['lsukomoautiv] n. K%L
Schenectady [ski'nektodi] n. HrfaZsi%
FEREALHMERB—BH)
Charlottesville ['tfa:datsvil] n. B %
R (EE IR B R MR — A
turbine ['to:bin] n. BFEGWL KB, B
® WL
division n. 3|7
summarize ['samoraiz ] v. I, FHE
capital ['keepitl] adj. FEH,; HAxH;
2N
throughput ['8ru:put] n. 4&=&
schedule ['fedju:ll v. ZHe. HE, HiE
simultaneously [ simal'teinjosli | adwv.
Gl '
download ['daunloud] v. FT475%
— 12 —

fixture ['fikstfo] v. R'E.FE » *
B

pallet ['palit] n. TR

6versight ['auvesait | n. WE,ME

full-time adj. &AM, £ T/AEHY

skilled [skild] adj. B4%ty, BEHGEY

defixture [di'fikst[o] v. ¥, 5

machinist [ ma'[inist | n. ¥ A, ¥
W

oversee [ouva'si:] v. WML ; B8kl

supervisor ['sjupovaiza] n. FEAR,
KER

skill (skil | n. 8. &%A

offset ['ofset | v. M

workplace ['wakpleis] n. ZE |, T.J";
LYEE

inventory [in'ventari | n. E7

installation [insto:'leifon] n. %8

attribute [otri'bjuit] v. F--3|&

batch [batf{] v. 4 #t

responsiveness [ri'sponsivnis | n. 05
B, Rt

inherent [in'hisrent] adj. EHWH,%ER
iy

flexibility [ fleksi'biliti | n. RiE4#,EN
%, T

introduce v. #£H

significantly [sighifikentli] adv. KKk
D9

disrupt [dis'rapt] v. $¥,F#H

degrade [dig'reid] v. BRMRC(ZS0;K0

gracefully ['greisfuli] adv. &

fail v. =3¢, #IR

incorporate [in'ko:pareit] v. %4

redundant [ri'dandent] adj. $4&W

bypass [ 'baipais] v. %8, &K




