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SPECIAL NOTICE ;

The occupationzl descriplions contained in this volume
have been compiled from a number of different sources
and therefore describe the individual occupations in a
generalized composite form. Consequently. no deseription
can be cxpccled to coincide cxaclly with any specific job 3
in a parlicuiar cstablishmient or in a parlicular locality.
To be of greatest usefulness, the dcscnpuons should he
supplemcnled by local information concerning the spe-
cific jobs in the community.

The U. S. Employment Service has no responsibility for
the settling of jurisdictional matters or the setling of wages
and hours. In the preparation of occupational descriptions,
no facts concerning such matters were collected. it snould
be clearly understood, therefore, that, because of their
nature, occupational deseriptions published by the U. S.
Employment Service carnot be considered standards for
the dsterminafion of wages, hours, or jurisdictional .
matters. )
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FOREWORD

Metalworking. as a manufacturing proce:s, is of great importance in
many of today’s industries. Its occupations are undergoing tremendous
changes with numerically controlled metal-cutting machining advances.
Intersive attempts to apply new developments in automatic control
theors and elecironics to machining precesses started about 20 years
ago. and ihe first practical numerically controlled machine tools were
put in use in 1957. Now there are almost 10,000 numerically controlled
machine tools in use, and hoth the numher of these machines and their
proportion to conventional machine tools are expected to continue
increasing over the next few years.

Studies conducted by industrial groups, business consultants, and others
indicate the possibility that almost 50 percent of all short-run metal-
cutting machining in the United States will be accomplished on numer-
ically controlled machine tools within the next decade as compared to
under 5 percent at the present time. Rapid acceptance of numerical
control makes necessary an awareness of its implications for the work
force of today and tomorrow, and an understanding of the changing
education. experience, and training-retraining requirements the new
technology is imposing.

Tke primary purpose of this booklet is to present this kind of occu-
pational information for use in counseling, placement, and other man-
power activities of the State Employment Services. It also will be useful
to others concerned with recruitment, training. and counseling of persons
in this field of work.

CHARLES E. ODELL

Director,
U.S. Employment Service
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INTRODUCTION

WHAT 1S NUMERICAL CONTROL?

Numerical conirol means the control of all or a part of any process by
introducing programed symbolic instructions and numerical data. with
at least some portion of the control incorporating feedback (self-
correction). The utilization of this technigue results in making a
process highly automatic and accurate. Basically, the numerically
controlled machine converts taped data into instructions. which direct
the machine to do certain things automatically. including a samplingz
of its own performance.

Process control of continuous-flow industrial processes. such as catalytic
cracking of petroleum and the automated production of synthetic rubber.
is generally a separate area of computer application from numerical
control. Since most continuous industrial processes have so many
variables requiring control, a computer is an essential central element
of the automatic process-control system. Such a computer can be either
special or general-purpose in design. Tt can also be an analog (meas-
uring) or digital (counting) computer, or it can be a hybrid which
employs characteristics of both types.

Nevertheless, a precize distinction between numerical control and process
control is not possible. Numerically controlled systems for machine
tools, and other discontinuous shop processes such as flame cutting.
pipe bending. and welding. normally have computerlike elements, such
as a limited “memorv” and logic circuitry. Thus many contrels, while
executing a current instruction, are able to retain a previous instruction
and look ahead to the next. Some controls for machine tools actually
contain a special-purpose computer. These can be used to interpolate;
they can compute the large number of intervening points on a circle or
parabola that are needed to hold a machining operation within desired
tolerances. These control systems have developed to reduce the manual
computational effort in part programing. They also eliminate the need
for the services of an expensive “front office” engineering or business
data processing computer which might otherwise be required by the
part programer working on ccmplicated or lengthy assignments.

WHY IS NUMERICALLY CONTROLLED MACHINING
IMPORTANT?

In early 1965 an estimated 500,000 workers were employed as machine
tool operators. For these work forces (of which those engaged in
metal-cutting machining are only a part), it is expected that thousands
of job openings will occur duringz the 1965-75 period. Most of these
will result from the need to replace experienced workers, with retire-
ments and deaths alone providing about 25,000 openings annually’

1 Qccupational Outlook Handbook, 196667 edition, Bureau of Labor Statis-
tics, U.S. Department of Labor.
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Howerer. what would be a normal increase in total employmsant due to
prozress in the economy generally and greater demands for producis
of machine tooling will be somewhat offset by the increases in output
per worker due te technological changes. Numerical control of machine
tools constitutes a major technological development and as a result of a
substantial increase in use of numerical control through the mid-1970’s.
overall manpower requirements for machine tool operators may be
reduced. Conversely. additionzl engineers. programers, and technicians
probabiy will be needed.’

Numerical control can perhaps be expected to have a greater impact on
occunations related to the processes of short-run machining than any
otker technolegical change. While we seem to be living in a mass-
producticn environment, our ezonomy could also well be characterized
as “one great job shop.’ As an example, even where “Detroit Automation”
is applied. short-run and single-part machining still are needed to make
these high-production lines possible. Tools. dies, jibs, fixtures, cams.
templales. models, and special-purpose machines and transfer lines
must bhe designed and produced. According to a study undertaken
several vears ago., about 75 percent of the machined parts made in
this country were produced in Jots of 50 or less’; and short-run
machining is the manufacturing area where numerical control really
comes into its own. While not as efficient in mass production operations
as automatic, special-purpose machines, numerically controlled machine
tools assigned to short-run jobs in many industries already are sur-
passing their conventional counterparts in machining economy. This is
particularly true in the case of installations where management has
reallocated groups of work tasks to take full advantage of numerical
control’s potential chipmaking (cutting away of excess metal)
productivity.

Numerical control is much more than a new method. It can be described
as a new concept of manufacturing management. It makes available an
alternative to many conventional machining methods. Until the advent
of numerical control, manufacturing engineering had to male a series
of hard choices.

® Would the volume be so small that strictly manual machining would
be the best choice?

® Should jigs be made, especially when repeat orders were probable?

® Would automatic machines be preferable to other methods—despite
lengthy setup and change-over time?

® Might production runs be long and unvaried enough to warrant the
design and installation of special-purpose machine tools and material-
transfer equipment?

Numerical control makes possible some of the economic advaatages of
mass production manufacturing, while retaining the flexibility of
machining with general purpose. non-specialized machine tools.

Frequently, numerical control can be used effectively for one-of-a-kind
machining. This is particularly the case with respect to parts which

1 America’s Industrial and Occupational Manpower Requirements, January
1966, Bureau of Labor Statistics, U.S. Department of Labor.

= Economics of Plant Automation. Frank Shallenberger, New York, John
Wiley, 1957. (In “Automation in Businzss and Industry”, Eugene Grabbe,
editor.)
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involve high labor costs because of the use of conventional machining
methods. Consider the following example: a single workpiece in which
several hundred precisely iocated holes must be driiled.

In this case, the operator of a conventional machine understandably
works more and more carefully and slowly, and his labor time on the
part increases. By way of contrast, the numerically controlled mzchine
will proceed at its predetermined and predictable speed, saindless and
uncaring. Of course, the control tape prepared by the part programer
had hetter be right!

Numerical control is aleo making a contribution in another area, that
of machining matching parts. Using axis-reversal switches on the console,
or a computer routine for the same purpose, “left hand—right hand”.
or mirror image, parts can be made. Thus. matching side frames of a
machine can be made from only one part program. Also, dissimilar but
mating parts, such as housings and their covers, can usually be
produced at less cost. In situations such as these, numerical control
may weli be seiecied over conventicnal mackining methods even though
it is the more expensive machining method. This is because in the totai
picture of manufacturing costs, numerical control permits considerable
reduction, or even elimination, of rework and corrective hand finishing

at the finai assembly point.

To justify investment in numerical contral, an increasing number of
users are reexamining conventions of manufacturing they formerly took
for granted. One example is acceptance of traditional, “handbook”
feedrates and speeds. Increasingly, these are being rejected, and replaced
by new, optimum standards based on users’ test runs on their own
machine floors.

Taken alone, each minor improvement in such things as fixturing,
tooling, (and tool sharpening), and fluids used to coo! and iubricate
parts during machining, may not be significant. Cumulatively, howerer.
these can permit increases in muchining feeds and speeds, without undue
sacrifice of surface finishes, tolerances, and tool life. This is particularly
<o when shop machinability practices have remained almost unchanged
for many years—a situation that is not unusual. Also, some managements
have failed to take due notice of improved rigidity and vibration-damping
characteristics of newer machine teols and the increasingly effective
quality control of workpiece materials. These all permit a lower “margin
of insurance” than was previously possible when manufacturing stand-
ards were being set up.

Thus the fact of commitment to numerical control as a manufacturing
method has had other effects, some of them unexpected. Perhaps one
of the most important of these is that the technique affords its users
practice in questioning and amending customary ways of doing business,
and in taking an integrated view of their operations.

As this new breed of machine tool continues to replace traditional
machines and methods, the occupational implications of numerical
control become more and more important to personnel involved in
placement, counseling, and guidance. Not only are the machines different.
bhut associated with them are major changes in product design, drafting.
production planning, man-machine relationships, and maintenance. All
of these changes dizectly affect occupations and their interrelationships
in the many indus‘ries that are adopting numerical control.

227%-783 0 - £8 - 2
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HISTORICAL BACKGROUND

Farly numeri~al control development was sponsored br tke TS, Air
Force. Immediately after World War 1T it became apparent that cew
manufacturing methods would be required to produce supersenic
aircraft and missiles?® The introduciion of new materials required nesw
machininz methods. New and more complex pasis demanded grealer
accurzer and precision than operators could achiere with production
machine togis or cam-following tool-room equipment such as duplicator
milling machines. Machining “from the solid” of complex shapes like
aircraft <kin sections with inlegral supporting struclures was recessary
te meet the strenmb-towcight requirements of supersonic aireraft; and
it was recoznized that co=is of tocling and manufacturing by conventional
methods would he prohibitive. Production runs usually were short. and
rapid tachnolc fcal impravements applicable to jet aircraft and misstles
<hortened permissitic lead time and forced frequent desien changes.
oftes at ke .zt minute. Thus. any new method for machining new
products had 10 le very fer'ble. “Detroit Automation”—the use of
special-purpose machine systems for massproduction of standardized
itemm-s—was not 2 <olution 1o problems facing aerospace and ordnance
manufacturers.

The first numerical control studry and developmental contracis were
placed in 1943 and 1949. Resear<h was rapidly intensified and brozadened
10 bring in personnel affiliated with numcrous manufacturers and users
of machine tools, controls. and computers. including universities. In the
early 1950’s, public demonstrations of a numerically controlled profile
milling machine were conducted at the Servomechaniems Laboratory of
the Massachusetts Institute of Technology. The Air Force placed volume
orders for numericailly controlled machines in 1935, and by 1957 the
firet machines were installed, debugged. and at work in suppliers” plants.

The development of numerical control probably is unique in that sophisti-
cated multi-axic machines were made first available to resolve some of
the “space age” problems referred to above. Less complex and expensive
machines came Jater. Transistorized, modularized control systems were
marketed only about five years ago. Numerical machine and control
systems now have become economically competitive with conventional
machine tools for the vast range of short-run machining work in our
manufacturing economy. While numerical control is becoming more
productive and reliable. comparative cost is declining. These have
become major factors in the industrial acceplance of numerical control.

It seems probable that workers in the metalworking industries will find
more changes in the content of their jobs in the next few years than
in any previous period. Continuing developments in computer, control,
and instrumentation technology, and basic research in machine tool
dynamics and metallurgy are all combining to have an effect on machin-
ing methods and the occupations related to them. 3uch developments
are aleo having less direct. tangible effects on the whole of manu-
facturing organizations that adopt them. Some of these eifects are
described later. These effects are the results of the application of
numerical control to low production metal-cutting machining. However,
some of them also may occur when numerical control is applied to other
spheres of manufacturing.

* For those interested in more information, the following two sources are

suggested: Scientific Americar, September, 1952, and American Machinist,
October 25, 1954.




OCCUPATIONAL CHANGES
AND IMPLICATIONS OF
NUMERICAL CONTROL

MANUFACTURING MANAGEMENT

The “systems™ approach 1o manufacturing planning—formal analytical
study of alternative procedures and methods to deSine the optimum, in-
tegrated manufacturing system—is having an effect on all iypes of indus-
tries. Managements are being compeiled to reexamine traditional organi-
zational stroclures on a systematic basis. As a result. jobs are being
changed both in their content as well as in their relationship 2o other
johs. Even jobs at the “top management” level are being altered; new
analytical tools for managerial analysis and decision-making require an
understanding of their vsefulness.

The increasing presence of managers who have formal training in busi-
ness administration. svstems analysis. and operations research tech-
niques, and a trained ability 10 “'see the big picture” when defining oper-
ational requirements. undoubtedly kas bheen a factor in the increasing
acceptance of numerical control.

DESIGN AND MANUFACTURING PLANNING

Only recently have significant ati=mpls been made to design products
from the ground up for manufacture by numerical control. Manufactur-
ing feasibility and cost analysis are beginning to play a major role. fre-
quently for the first time. in the definition of optimum designs. As might
be expected, the leaders in this effort are aircraft. aerospace and ord-
nance industries, with their years of numerical control experience. Many
emplovers in non-defense industries are beginning to insist that their
design engineering personnel acquire a considerable knowledge of nu-
merical control processes, as well as machine capabilities and limita-
tions. Thus. an increasing proportion of their new-products mix is being
designed to take full advantage of the numerical control potential.




Current producis that were orizinally desizned for comsrotiora] muckhin
ing are also beinz redesizned for numerical control This trezd prohably
has been zreatly zacentnzted by the continued hish level of ovr economy.
since mzny companies have been operaling 21 or near sheir full produe-
tive capacity for several years. However. one pumerical oconlrel tape
psually czn mske unneocessary one or ceveral Jizs. poitercs. cams. and
templates or otker encumbrances of conventional mzchining These can
be scrapped wkhen a part is programed for pumerical control. Ther do
cot have 1o be stored. moved. maintained or repaired. Alco. manufac-
taring for invenlory can almest be eliminated if desired. and current
invenlors geared reuch more clasely 1o work orders because of the shornt-
ened lezdiime 2nd inherent Hexibility of numerically controled ma-
chining. All these fzclors tend to release experienced workers and valu-
able plant space for more produdlive purposes.

AUTOMATIC
DRAFTING MACHINES, COMPUTERS

Automatic drafting machines—basically X-Y plolters but sophisticated.
often large in size. and capable of high accuracy and rapid recording
speed—are coming into common use in the 2ircraft and zerospzace in-
dustries 1o record digital computer oulpul in graphic form. They are
also gaining zcceplance in non-defense indusiries: here applicalions ap-
pear more limited and used mostly to verify too] path data on control
tapes. Drafting machines are used either direcily connected to 2 com-
puter or off-line and use compuler oulput as an input medium. Some-
times camera and closed-circuit ielerision syslems are included in the
draftinz machine package. Some machines can scale up and down. lo
produce drawings 1o the exact scale desired. Probably the major current
use of most drafting machines is in verifying the accvracy of tapes be-
fore they are released for production purposes, but there are many
other applications, such as scribing, plotting. lofting and even straight
drafting. The last of these may eventually have the greatest effect on
personnel employed in the drafting occupations. Some of the machines
now being marketed not only can develop three-view line drawings. but
also have full alphabetic and numerical printing capabilities and thus
can produce supporting data on drawings. However, as is the case with
almost any new piece of hardware. it probably wiil be some time before
procedures to realize the full potential of the equipment are completely

developed and appreciated.

Research is continuing in computer programing for automatic drafting
and in cemputer-assisted designing. If much of this research bears fruit.
then it is possible that some, or even considerable personnel dislocation
or displacement may occur. Engineering personnel involved in the de-
velopment and application of automatic drafting processes express the
belief that it is too early to make quantitative forecasts concerning the
occupational significance of automatic drafting. It may be that just the
mix of work tasks in the engineering and technical support occupations
may s<hift, with the significant change being the take-over by computer
and automatic drafting machines of some of the more tedisus work tasks
of various jobs. Also, automatic drafting may become most useful as an
adjunct to conventional methods. rather than a replacement for them. Its
greatest value may be as a tool in engineering design and analysis and




modifeztion. rztker than a tod] in the preparztion of drawingzs for produe-
tien purposes.

Comprier-assied desizn ultimately mav have a considerable impact on
many professional engineering and technicalsunpert occupztions. Oze
current svstem titled AED-1 (Axtomzied Engineering Desiznl is aimed
both 2t eliminating the need for engineering prozraming and making un-
recessary the conversion of drawings 1o computer-processable formal.
With this svstem. tke desizn engineer 2ddresses the compuler by drawing
Iines on a cathode-ray tube with 2 pholoelectric Firht pen. He presses
buttons and kexs 1o define his desizn intenl. modify portions of the de-
sizn. and specify dimensions. A Jarze-scale dizital computer receives.
converts. calculates. and stores the desizn information.

Exentually. compulerassisted desizn can have occupational implieztions
far bevond the desizn. drafting and technical-support areas. Tt already is
technically feasible 1o merge the oulput of the desizn enzinecr-computer
team into the compulerized business data processing svstem <o that most
or ail of ke paperwork of manufacturing can be prepared as a byproduct
of the desizn effort. The span of control of the desizn engineer could
be exierded all the way throuzh manufzciure of the end products. when
all numerically controlled manufacturing and materialshandling facili-
ties are brougnt under surveillance of a centralized compuler-control sys-
tem. Such a total manufacturing sydem mar never be econemically
feasibie except in specialized and limited manufzciuring areas. but it i=
well within the reach of present scientific and techrical knowledze, and
even the possibility of a factery—and it office—almost devoid of workers.
raises serious socioeconomic queslions.

DIGITIZING
VERSUS DRAFTING MACHINES

Digitizing machines werz developed to perform funciions in opposition
to those of drafting machines. In general. the purpose of digitizers is to
sense points on drawn or =scribed lines on existing drawings or patterns
(instead of drawing them). and convert those poinis to numerical data
on a paper tape or other medium. These data then can be further
processed by a computer. or used directly to control machine tool move-
ments. Thus an engineering drawing. pattern, loft plate. or similar
object piaced on the machine table can be the input medium.

After the aperator zeros in the sensing device—with a built-in micro-
scope on the machine. or by using a console with a closed circuit tele-
vision display—he can instruc: the machine 10 follow the rest of the line
or curve by depressing console kevs. On some machines ke can also add
instructions, such as coolant off-on commands and machine tool feed-
rates through the keyboard, to produce complete machining tapes.
rather than tapes that merely define the configuration of parts to be
machined.

Until now. the major market for digitizing machines has heen the air-
craft and aerospace industries. However. development of more sophisti-
cated and flexible digitizing systems may change this sitvation rapidly.
Now on the market, for example. are machines capable of both digitiz-
ing and drafting functions. with moderate change-over time required of
the operator. These machines are becoming recognized by management




1 maoy izdudites as very desiralle: they 284 1o manufacturnizz Lexd-
Lil1y. z=d st 3 codt that i feasible.

Otker deavelopments. such as dizital computers with multi-processing
features Mthal ean giovess several nrograms simultancouslyi. are 2lso
lecding 1o increasing zeeeplance of dizitizing and drafting machines.
Muliiprocessing permils the inlezration of the drafling 'dizllizing svstem
and tke computer withoul interfering with the computer’s otber. more
conventional, application.

Thke application of technigues developed for photogrammetry {ihe science
of reducing dala from three-dimensional zerial pholographer has been
under development for several wears. These teckniques are permitting
data digitizing from three-dimensional models. rather than from loft
drawinge. By photozrammelric methods. the auvtomobile industry. for
example. mizht cut its crucial lead time in producing dies for new body
designs o a small fraction of that required at present.-Some sdulomobile
manufacturers have already gpamtially automated their die-making
processes’ taking off dimensions direcily from clay models of body
oomponenis by these methods. 1o produce tapes for contour-milling metal
dies on multi-axis machines. This has the effect of eliminating much in-
tricate, manual work such as loft line sweetening. wood mockup making.
and the extensive hand finishing of dies fakricated on tracer-iype dupli-
cating machines.

COMPUTER PROGRAMING ,
PART PROGRAMING

Part programing personnel often use an address language that is derived
from one of computer programing—FORTRAN being the current. out-
standing example—hut are not required 2o know all the details of how
a computer functions, its logic and arithmetic units. and its capabilities
and limitations. On the other hand, the computer programer for ru-
merical control must know these. and well. jor at least one make and
tvpe of digital computer. and also must meet most of the requiremenis
of a part programer, in order to be able to prepare or modify numerical
control computer programs effectively.

Thus, to be effective, any computer programer for numerical control must
bring two things to the job. He must be an effective engineering-and-
scientific computer programer, and he must have acquired a fairly ex-
tensive background in machine shop practices. machining properties of
materials, and machine tool and control capabilities. The ability and
experience to perform adequately in only one of the two areas is just
not enough. The job is interdisciplinary in nature.

This is also an example of another factor: new jchs do not respect
traditioral occupational structures. Many well-experienced engineers
with various educational backgrounds have heen able to gain an under-
standing of part programing by studying manuals and taking numerical
control programing courses of one or a few weeks Jduration.

Much the same holds true for computer programing. Many courses

now are offered that provide the basics of computer programing for
working engineers. Experienced engineering personnel who for many

2 Business Week, September 11, 1965
The Iron Age, December 23, 1965
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vears bave been away from school <eldon have diEcnlty ir understanding
the corxcepls presesied in these courses. However, they may have difs-
culty in aprlving these conoepis in tke technically difcult area of nu-
merical contro). The mathematics required to be 2 scocessiul numerical
conlrel compuler programer is different in both level and nature from
what was typically available 20, or even 10 yvears ago. Thus. to funciion
cfeciively as a compuler programer for multi-axis numerical control. tke
older worker in the engineering area has to review such topics 25 matrix
algebra and zdvanced mathematical analysis. This math barrier can be
a major obstacle 10 engineers who hcpe to translate some of their prac-
ezl manufzcturing expesience into effective numerical control computer
programs.

COORDINATION, COMMUNICATION

Many establichments that became involved early in numerical oontrol
have taken a lonz. hard look at their part programing praclices related
to writing instructions for machine operators. This involved analyzing the
quantity and nature of data required 20 set up and operate numerically
controlled machines. In many cases this led to abbreviating the opera-
ticns sheets or manuscripts (zfter defining what the operator really has
to know). and expanding wrilten selup instruclions fo prevent operator
misinterpretation. Adequate downward communication became necessary
to zssure that the paris were oriented and located exactly as part pro-
gramers intended. This became crucial as relatively few installations had
their part programers present on the machine floor when tapes were
proved out. On the other hand, assurance against a communication gap
Letween the machine floor and the engineering department had 2o be
provided, so engineering personnel could benefit from manufacturing ex-
perience—remedy defects and improve future performance.

As emplovers continued to expand their installations. it became more
necessary for them io redefine the relationships—and standards for at-
taining them—of their numerical control personnel. When the first ma-
chines were installed. it was common practice to work out problems
joinily: the machines were new, and both part rrogramers and operators
usually were inexperienced (though trained) in numerical control.

But as more equipment goes on line, more formal coordination is neces-
sary. It is no longer feasible for a part programer to observe operators
during the setup and operation of the first piece-part of a run, and answer
guestions and resolve operating difficulties. For the part programer, such
free-wheeling liaizon is psychologically satisfying but not economically
justifiable. It is an expensive way to buy feedback, and becomes less
satisfactory as the numerical control installation grows larger.

This emphasis on coordination and improvement in lines of communica-
tion is extending through all of numerical control manufacturing. The
designers must have adequate understanding of numerical control poten-
tialities—and limitations—to prevent a loss in manufacturing efficiency.
So the team concept which is common in defense industries is being
applied elsewhere. Part programers as well as production planners are
being drawn into conferences in the preliminary stages of designing. This
has an additional advantage. When these manufacturing engineering
personnel participate in studies related to production feasibility, they will
have fewer difficulties in visualizing the product and in developing proc-




esses and methods 10 make its manufzcture possitle. The chance for
manufaciuring error also is redueed.

For these reasons, an increasing number of plants have cet up the posi-
tion of COORDINATOR FOR NUMERICAL CONTROL. As is ivpical
of newly emerging occupations. his job duties. responsibilities, and au-
thority vary widely. as does his company title. He may occupy a staff
position in the organizational structure and function in a purely advisory
capacity; or ke may have line responsibility and supervise a unit such as
the part programing depariment. and perform coordinator duties as an
additional responsibility. He may be a supervisory eagineer. and be head
of process and methods or all of industrial and manufacturing engineer-
ingz. Whatever, be has one set of responsibilities that are crucial to the
effectiveness of the numerical control effort; he must be an efective
pipeline for giving and receiving information. He is the nerve center for
numerical control communications, both upward and downward.

When something goes wrong in the shop—or could be improved—it is
the coordinator’s responsibility to get this information to the right hands
in the right place. His contacts thus are with personnel in design and
manufacturiag engineering (including part programing). Other contacts
are with tool design. accounting, quality control, purchasing, training and
other personael officers. Thus tact and something akin to salesmanship
are essential. If not selling numerical control, at least he is the key
person in promoting its effective use. He may also do some outside sell-
ing, to load the machines fully during slack manufacturing periods. He
also may be instrumental in resolving manufacturing problems that origi-
nate outside the organization. One such major current problem is within-
the-lot size and hardness variation in raw workpieces. The numerical
control coordinator may have to convince management to set closer receiv-
ing requirements, despite greater purchase costs, in order to save even
more money later through reduced manufacturing costs.

Liaison with the maintenance department and specialists such as quality
control engineers to develop maintenance methods, also is a significant
responsibility of a coordinator. Machine breakdowns are expensive—
much more so than downtime on conventional machines. Also, the hidden
costs of downtime are larger. Not only is extensive rescheduling neces-
sary in many cases, but parts scheduled for numerical control may have
to be pulled, and production replanned for manufacturing by conventional
processes. If, in fact, that is possible. Sometimes it is not.

MANUAL PARTS PRGGRAMING,
OFFICE STANDARDS

Many employers are revising their procedures and methods to reduce the
chance of producing faulty manual (nen-computer) part programs. One
change is toward requiring that part programers cross-check the work of
other part programers, rather than check their own work for accuracy,
because there is often a tendency to make the same mistake in verifying
data that was made when recording it. In the course of a single day, a
manual part programer may record 5,000 or more letters and digits of
machine instructions on his special forms. All of these have a specific
meaning, and an error can injure a machine operator, prevent processing,
destroy a workpiece, or damage the machine tool. So what appears to be
a trend toward cross-checking can be expected to continue.
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level of programing accuracy—and productivity—dramatically. For ex- ]
ample. once a certain bolt hole pattern i= identified. it can be duplicated

in whole or part from a previous part prozram. But only if tke pant

programer czn find it! Thus more emphasis currently is being placed

on adequale cross-indexing of part programs, by nature of problems

and their solutions. As manufacturers get more of their product mix

on tape. the emphasis on adequale organization of part program li-

braries can be expected to increase.

Cross-checking techniques have also been applied in the clerical area,
though apparently to a lesser extent. The reason for their application is
much the same: human error. though here panticularly in clerical per-
ception, can cause havoc on the machine floor if the error is not detected
and corrected. Numerically controlled machines are mindless. They will
do only what they are instructed to do by the machine control tape. Thus k
the data typist (who prepares the tape by copying from the part pro-
gramer’s process manuscript) can introduce an error that results in a
faulty machine instruction. The machine will try to follow its instruction,
even if there is six inches of solid fixture or workpiece in the way. So
in some installations, after the data typist checks her hard-copy
(printed) output against the process manuscript, she routes them to
another office clerk who does the same thing; then they are returned to
manufacturing engineering, where a part programer checks everything
again.

In plants where verifier attachments have been installed on data type-
writers. the business practice of having typists verify each others’ work
(as has been the case in key punch departments for many years) is be-
coming common.

Of all companies that were surveyed during this project, none had errors
on as much as one percent of their tapes as first released. However,
scarred machine tables, and fixtures with drill holes in inappropriate
places, gave evidence that the desired zero-error level of manufacturing

A well organized library of part prozrams. set up with the needs of part
programers in mind and 2t a location convenient 1o them, can raise tke
planning is yet to be achieved.

It is perhaps strange that relatively large manufacturing concerns seem
to have less trouble adapting to numerical control than small piants.
But size and formal organization usually go together. Many vears ago,
most medium to large size manufacturers installed effective, formalized
office systems, methods and procedures. These merely required modifica-
tion when numerical control machines were delivered. On the other hand,
many smaller shops never had set up formal office practices—and in fact
avoided them. These shops are finding that freewheeling ways of doing
internal business no longer are adequate. because of the breadth and de-
tail of manufacturing planning required by numerical control.

TOOL DESIGN

Although the traditional work tasks of tool designers employed in short-
run manufacturing appear relatively unchanged by numerical control,
there are a number of worker factors and job duties that are receiving
a different amount of emphasis.

Akt b

First, the “ability to see the big picture.” This statement is frequently
12 neard, but seldom defined. Yet it is particularly significant in the case of
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too] desizners working in the numerical contro] area Desizn of fixtures
for universality—s<o they can be used in the machining of similar parts
in tke future—is receiving more ard more altention. To do a compelent
job, the 100 designer fresjuently has to learn more about the total scope
of componsnts manufactured by his emplover. and understand the tooling
implications of changing trends in the mix of manufactured products. Bad
guesses can be very expensive.

Two- and three-way “turnover” fixtures, that simplify secondary setups
on a machine 1ool. are being seen more frequently on bed- and table-type
machines. More demanding of the too] desizner's analsiical 1alenis. ther
are often the only way to fully utilize a machine’s chipmaking potential.
More complex and expensive thay one-way fixtures (and often less rigid),
their desizn requires meliculous attention to detail. and an enhanced
knowledge of the dynamic processes of machining.

Fixture analysic and design are occupying an increasing amount of the
tool designer’s worktime. The need for desian of jigs. especially drill jigs,
is being reduced in almost direct proportion to the extent numerical con-
trol is adopied as a short-run manufacturing method: and need for desigr
of custom culting tools also is declining, with industry currently placing
heavy emphasis on standardized tooling

For these reasons, and because of the introduction of more sophisticated
business systems for manufacturing planning and cost control. many 1ool
designers are becoming tool selectors. Hoiwever, such selection involves
comparative analysis of machining feasibility, and much closer coordi-
nation and communication with manufacturing and design engineering
personnel. Application of the 100l designer’s total abilities is more, rather
than less. frequent.

Probably most tool designers have the education. training. experience
and aptitudes to become competent part programers. A number of em-
plovers surveved in thi= study reported they found that a background
in tool design—whether academic, acquired on the joh. or both—appears
to be the ideal one for part programing. So industrial trends toward
tooling standardization and universality may have beneficial effects on
persons currently employed in. or considering entry into. the field of tool
design.

A new promotional channel already has opened to jobs in part program-
ing. Even if total industry demand for tool designers should decline,
which seems doubtful, tool designers and workers in related fields of
mechanical technology are naturals for selection as trainee part pro-
gramers. Job opportunities in part programing almost certainly will
continue 10 increase over the near term. The number of numerical control
machines on order at the present time is large, and some machine tool
manufacturers state that their plants are working at full capacity to meet
current orders.

TOOL PRESETTING

Presetting is the selection and combination of tools, tool-holders and
extensions (and frequently, coding rings or keys for automatic-tool-
changing machines), before the tools are to be used. It also involves
setting the tooling to specified lengths and diameters, working from
sketches and written or oral instructions. Total presetting is not new;
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it has beer a common shop prestice. panticularly for turrettype and
automalic machines. What is different sith numerical control presetting
is that it is more often done off the machine. and in many cases not even
in the machining area.

What has been a group of work tasks for selup men and machine setup-
operators. has now emerged as a job. separate from jobs on the machine
floor and from the traditional too! room jobs. Some emplorers. however,
have merely shifted responsibility of tool presetting to personnel expers-
enced in operating tool grinders. In the high-precision sector of machin-
ing industsies. experienced machine shop inspectors also have been an
important source of workers for tool presetting. This may be because
they were already familiar with precision gaging, optical. and even
optical-elecironic measuring instruments. Many tool preselting instru-
ments are merely retrofits. modifications of precision measuring instru-
ments to adapt them to new applications. Thus the additional training
for inspectors is minimized.

The trend toward 100l preseiting is strong, although slowed somewhat
because additional investment is required in 200ling inventory. However,
this cost is compensated for by an increase in manufacturing efficiencies,
an increase that somelimes can be dramatic. Some employers are even
presetting tools for the simpler 2-axis numerical control machines, on
which tape control of the third (<pindle} axis is not possible. They have
found this to be cconomically justifiable for some, if not all, of their
operations.

Preset 100ling is implicit in the numericaily controlled machining center
concept of manufacturing. These machining centers—essentially, Loth
general purpose and multiple-function macaine tools—formerly were
found primarily in aircraft. acrospace. and ordnance plants. It was here
that their manufacturing efficiency was demonstrated, and they are now
on order by manufacturers in many industries. As their proportion to
conventional machines increases, the demand for personnel irained, or
trainable, in the techniques of tool presetting can be expected to increase
rapidly.

PROGRAM, TOOLING, AND
TAPE TESTING

Dry runs are tryouts of unproven tapes on the machine to detect errors
before the first piece of a run is machined. These are becoming less com-
mon as procedures and methods are introduced to detect errors before
release of tape to the machine floor. On a dry run, the operator checks the
performance of the machine—without a cutting tool in the spindle—
against process sheet information and data from visual display indicators
on the console. in order to detect gross errors. As an alternative to this
air cutting, he uses a stylus in the spindle as a tracer. to prove out the
tape on plastic or paper sheets.

Both of these methods are expensive. The machine is cutting air instead
ef metal, so the potential productivity of both worker and machine is
reduced.

There is another method of proving out the part program and its tooling
and tape. It is used primarily in plants that use multi-axis numerical sys-
tems to machine close-tolerance, complex workshapes. In these plants it
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is often economically justifiable to machine and then fully inspect a
piece of rigid, expanded-foam plastic before starting on the first actual
piece. This is because the raw material cost for each piece—even quite
small ones when exotic alloys or metals with heat-resistance are in-
volved—may run from several hundred to many thousands of dollars.

JOB EVALUATION AND THE NUMERICAL
CONTROL MACHINE OPERATOR

Workabie programs of formal job evaluation and wage administration in
the area of numerical control operations have proved very difficult to set
up. One reason has been the tendency of employers to develop job evalua-
tion systems based on machine functions. rather than job requ’rements.
This is understandable because carly steps usually are tentative. with ma-
chines often acquired one or two at a time. Also, numserically controlled
machine tools commonly are erected. at least initially, in general machin-
ing areas, with the location often determined by the function and size of
conventional machines they replace or augrent. As a result. some funda-
mental differences in job requirements tend to be overlooked or under-

stated.

Physical effort requirements changed markedly with numerical control.
Machine positioning in at least two axes of movement becomes a tape
rather than manual function. But setup and takedown are more frequent
because of high machine productivity, and as manufacturing planning for
numerical control becomes more experienced. the operator can find it
increasingly difficult to stay ahead of the machine.

Apparently the most difficult conventional job evaluation factor to apply

- 1o numerical control is that of responsibility. Many of the duties and

tasks previously assigned to the operator of a conventional machine tool—
and his shop supervisor—have been transferred to the engineering de-
partment. Details of operator duties. and their sequence, are specified for
him on operator manuscripts. Other functions of conventional machine
operators now are a series of coded machine instructions. They are on
the tape. But where does the final responsibility lie? Is the operator to
be held accountable for workpiece quality, and will he be expected to
notice machining problems, and either override iceds and speeds or
notify his supervisor? Who is to be responsible for adequate tool life—
the operator, the foreman, or the engineering department? In all cases,
the operator is expected to remain alert, and try to shut down the ma-
chine in time to prevent major damage. when there is a control malfunc-
tion or part programing eivor. But is he required to anticipate problems
such as those arising from variations in raw workpiece size, and trim
his controls to prevent machining difficulties?

As yet, there are no absolute answers to many of the administrative
difficulties presented by numerical control. Patching conventional job
evaluation and wage systems to adjust to numerical control has not
proved adequate, and an increasing number of employers are now setting
up entirely separate classification structures and standards for numeri-
cally controlled machine operating jobs. Numerical control already has
considerably changed hiring standards. Just a few years ago, no per-
sonnel officer would have recommended selection of entry machine shop
workers on the basic of factors such as good high school English grades
and the new math. But the binary languages and the paperwork aspects
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of numerizaliy controlled machine operating jobs nusw have made such
<election factors fairly commen. Numerical control is 2 new Yreed of call
and to a cerlain extent so arse ils operators. Man-maching relationships
are fundamentally changed.

Numerical contrel also has forced changes in functional organization,
as mzjor users begin to view it as an entirely new mantfaciuring system,
and not just as strange looking. expersive. and somewhat frightening
pieces of hardware. Just as numerical machining has changed the content
and interrelationships of jobs in manufacturing. it may compe! funda-
mental improvement in design and operation of company wage syslems.
Questions—and majer issues—are being raiced both by management and
labor, znd curi-~at techniques of job evaluation and wage administration
may et be good enough to provide the answers.

THE MACHINING CENTER

These numericzlly controlled machines are very versatile. Often. they
can do all machining from starnt to finicsh on a piece. Center drilling,
tapping. reaming. precision boring. counterboring and countersink-
ing. and light (and someiimes even heavy-duty) milling all are pos-
sible. For this reason the machining center—actually a new concept of
manufacturing—has no single counterpart among conventional machine
tools. Thus, many currently employed workers were celected as traince
machining center operators because they had experience as setup-
operators of conventional radial drill presses. Normaily. radial operators
are exposed to a large variety of machining problems and frequently are
accustomed to organizing their work for relatively short production runs.
Other operators had extensive experience on conventional boring and
milling machines.

However. a trend appears to be emerging—that of hiring entry workerz
and bringing them along on numerically controlled machines only, with
well-experienced machine hands being iransierred back to conventional
machine tools. Frequently. the new operators’ first machines are light-
duty, relatively low cost tape drilling machines. On these machines they
can build up experience in drilling. tapping and boring practices, and
learn basic concepts of machine setup. before being transferred to the
more versatile machining centers. They also learn to read tape, the
binary-coded-decimal, 8-channel tapes that are rapidly becoming standard
for positioning (point-to-point) machines. Some employers state they now
look for entry workers with the new mathematics training, because it
reduces training time of learning control concepts and tape reading. Some
employers, possibly an increasing number, place little emphasis on in-
school shop training and relatively more on the academic curriculum.
This, including mathematics through trigonometry, mechanical drawing,
and English, is regarded as evidence that the job applicant possesses
adequate aptitudes for numerical-control machining, and as an indicator
of adaptability to changing work requirements.

There is another r2ason for emphasis on formal education when selecting
operators. Part programing for positioning-control machines is a rapidly
expanding occupation, and the worker with the more exteasive academic
background often is more likely to be promotable to a job as a part pro-
gramer, once he gains a sufficient amount of practical machining
experience.




SHOP SUPERYISION

Relatively few emplovers contacted during this study had made major
changes in the work responsibilitics of their machine shop foremen. Most
+f Wseir forernica had hzd previons work experirnce as selup-operalors of
venaenl’ al machine tools. and were already working as foremen when
the first numerically controlled machines were instailed in their machine
arcas. Thus they were able 1o gain a general orientation during installa-
tion. debugging, and =elting of <bop standards for these machines. Rela-
tively few of these en had zcival experience in the operation of a
anumerically controlled machine, and even fewer had training or experi-
ence in part programing.

This situation has led 1o problems. however. These problems are espe:-
cially acute during night-shifi operations. Higher level supersisory staff,
especially those in professional occupations, traditionally work on the
day <hift even when their manufzcturing plant operates on a two- or
three-shift basis. But. “Somebody here has 10 know part programing” is
a common demand from the machine floor that is being met by manage-
ment in several different wavs. Firsl. experienced part programers are
being induced to accept work zssignments on night shifts. Second, <ome
shop foremen are being provided with numerical control training includ-
ing part programing for specific machine-and-control systems. so they
can assist in keeping machine downtime to a minimum. Third. selected
numerical control operators are being trained ir part programing and the
techniques necessary to patch or salvage faslty tapes and part programs,
and remedy unexpecied dificultics. These workers are expected to de-
velop potential for promotion into 1wo areas where experienced workers
currently are in criticaliy short supply: numericail control shop super-
vision, and part programing. And if the trend toward numerical control
continues as rapidly as at present. they may well become the key men of
tomorroys’s short-run manufacturing.

COMPARISON OF REQUIREMENTS
BETWEEN NUMERICAL CONTROL AND
CONVENTIONAL MACHINE OPERATIONS

With the introduction of numerical control—as with any new technoiogy
——there was a considerable lag before staffing requirements were fully
appreciated. When the earliest machines were installed, it was 2 common
practice to assign their operation to the best men. often journeymen ma-
chinists with many vears of experience. One reason for this was machine
justification. The first machines to be delivered were of the expensive and
sophisticated contour-path milling type: it was felt only expert machinists
with extensive experience on tracer-type machines could master their
cperation. This did not prove to be the case.

Few employers now assign fully qualified machinists to numerical con-
trol. Instead. much the same education, training and experience factors
now are heing applied as have been found useful to select setup opera-
tors of conventional machines in a job-shop environment. There are some
differences, however.

Training:

Employers surveyed during this study tended to put considerable em-
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phasis on formzl. zcademic training when selecting operators for
numerical contro). This is pantly because of the paperwork aspects of
these jobs. Rezding of operations manuscripls is an almost universal
requiremment. Arotker reason. frequently given. is that verbal ability is
escential o prevent 2 communication gap. Operators should be 2ble 1o
recommend changes and improvemenis to the part programming depart-
ment. based on their practical knowledge of machining. Ther must alss
be able to describe operating diffculiies to mainlenance personnel to
keep expensive machine downlime to 2 minimum.

1255 emphasis appears to be placed on specific vocational iraining when
hiring numerical control operator trzinees. Undoubtedly, a tight job
markel is a factor. Howerer. a considerable number of emplorers said
they would rather hire an eniry worker with extensive hizh school
mechanical drawing and mathematics backeround, no matter how much
schoo] shop-training ke has had.

Experience:

Experience in the operation of convenlional machine tools is 2o Jonger
an absolute requiremenl. Increasingly. emplovers ure assigning enlry
workers direcily to numerically controlled machines. The Iine of pro-
gression is much tke same as on conventional machines. Workers usually
are first assizued to relatively simple. light-duty machines such as a
single-spindle drill press. They then progress to Jarger. more complex
machines. After iwo or more vears, specialization in eperation of milling-
boring or tarning machines is a common practice. The to1al of trzining
time and experience to achieve average performance as an operator of
2 numerically controlled machine is commonly regarded as about one-
half of that needed to operate a conventionai machine tool. This is be-
cause of the many things that are on the tape or specified in detail on
operations sheets. such as feedrates and speeds. that were and are re-
sponsibilities of the operator of conventional machines. For average
performance as operator of a multi-purpose numerically controlled ma-
chine—the machining center that has no traditional counterpart and for
which manufacturing planning is exhaustively detailed—onz to two
yvears frequentiy is regarded =5 sufficient. However. for the largest. most
complex machines of this type, some employers insist on four or more
vears of shop experience because of high machine-and-control, tooling,
and workpiece costs.

Aptitudes:

Verbal ability is required to comprehend aperator manuscripts as well
as the traditional paperwerk packet {job and time tickets, etc.) accom-
panying each job order. An operator must possess the ability to describe
events preceding a non-programed machine stop or machining error,
to assist maintenance personnel in localzing and isolating mechanical.
hydraulic and electrical-electrenic maifunctions. He must be capable of
describing errors in part programing and tape preparation i his super-
visor. An operator should zlso he able to suggest modification of current,
or changes in future tapes and thus improve feedback from the machine
floor to the part programing department.

Numerical ahility is required at the level of decimal addition and sub-
traction to interpret numerical displays, monitor machine performance.
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2nd perform scraich-pzd anthmelic calcnlztions to inspect workpieces
ALYty 1o leamn mon-decimal asithmetic is necessary® to zcquire facility
in identifving binars-coded-decine’ mazchine commands on puzched
paper tape. and s2ad binary display lights of controls if o equipped.
Thic ability aleo is desirable to comprebend operating characteristics
of elecironic oontrols. Some emplovers regard suocessful previons €om-
pletion of courses in the pew math as a significant predictor of stecessiul
performance as 2 numerical control machine operalor.

Spatial perception apparently is less essential for pumerical control,
with layont eliminated and other previous operalor funciions on the iape
or specified on operator manuscripls. However. workers still must be
able to visualize location or erientation of each workpiece. and iis rela-
tion to Sxturing and to culling tocls, from sketches and drawings that
zcoompany his swrilten instmactions.

Clerical perception is nesded to avoid perceptual errors in identificalion
of alphabeic, numeric. and special symbols on operations manuscripls,
and of visual machine-performance displays on the console. Operztions
manascripts ase not unique to numerical control, but are almost uni-
versally used in numerical machining. These manuscripts make clerical
perceplion more important, because they daail. in writing, the nature
and sequence of an operator’s work tasks for cach mnachining run.

Motor coordination and finger and manual dexierity are required to use
inspection devices and handiosls. adjust machine conirols and maintain
an adequate workpace during setup and takedown in order to hold ex-
pensive dossntime of relatively new and polentially highly productive
numerical control systems to a minimum. Replacement of traditional
machine tool controls. such as handwheels and levers, by thumbwheel
dials. decade switches and other electrical devices affects the relation-
ship of the numerical control operator with the machining process. but
does not eliminate the need for motor coordination. finger. and manual
dexterity.

Inferests:

Numerical control machine operators should have preference for work-
ing with machines and processes, o set up and monilor the performance
of the machine tool and control system.

Operators should also have an interest in activities of a concrete and
organized nature to perform work tasks in accordarce with established
procedures. The details and sequeace of work tacks are outlined on
operations sheets. In most cases. operations sheets describe exactly what
tooling and fixturing to use. and how to lscate and aline each work
piece. Machining feedrates and speeds frequently are specified in cases
where they are not on the tape.

3 Except in the relatively few installations where the operator has to vestart
the tape “fram the 1op”. or a mcnually marked restart point after non-
programed stops. or has lo gel assistaune from a supervisor. These praciices
make it unnecessary for operators 1o “read the tape™. but only at the expense
of considerable loss of productivity.

1S




]

ki Lidasn s | 0 nidanih i B4
Y

20

Temperaments:

The operatur of 2 pumerically controlled machine tool must uvse judg-
ment based on Iraining and experieace (o trim his conrels in order to
cvmpensate for varialions in workpiece hardness acd size. He must make
rapid—and correct—de:isions in case of marhine or control malfunciion.
The operator mus also be alest for part prozraming errors, and Inspect
czch machining cut with a micromeler. gage, or scale, wken producing
the first piece of 2 job run involving the use of 2 new, unproven contyol
tape.

Physical Demands:

Stzength is less important with numerical control than for operation of
conventicnal machines. This is partly because of environmental planning
10 make most c¢Fcient use of new. expensive numerically centrelled ma-
chines. r2tker than because of intrinsic differences between nemerically
controlled and conventiznal machine iools. Howerer. differences in
strength reqguirements among the various numerical control jobs prob-
ably will alicays exist because of the range of machine capacity and
workpiece size.

There are howerver. several general statements that can be made about
operator requirements. even though they may not apply to cvery piant
that uses numerically controlled machines. Walking is reduced because
more mailerials are brought to the operator—1o increase his chipmaking
time. Conseguent lifting, carsving. pushing and pulling zre reduced for
the machining of each piece, again parily because of management
planning. However. because of the increase of machine preductisity,
there often is more of all of these during a whole work shift. Use of
puwer cranes and hoists is the usual practice, 1o reduce physical effort
during machine setups. With numericzl contrel. indexing tables under
tane controi. palietized setup and shuttle systems for automatic fixinre
and workpiece transfer are becoming much more commonplace: all of
these tend to reduce the physical effort required by aperators.

The need to make presise. coordinated contral movements with arms.
hands and Sinzers during machining operation is less frequent. because
traditional controls such as handwheels are being reduced and even
eliminated on numerically controlled machines. {To a lesser extent this
is true even on conventional machine tools.)

Climbing and stooping and crouching are less significant physical de-
mand factors. Table height is a tape-controlled function on some ma-
chines: thus the part programer can take setup convenience of the
aperator inte account. Also. lavout planning that precedes numerical
conirol inachine installation tends to reduce physical demands for oper-
ators as well as provide optimum conditions for the numerical control
svstem.

Inspection. that can involve many awkward movements on the part of an
operator just to get to the portion of a part to be inspected. is changed
both in amcunt and nature. Reaching. handling, and fingering movements
related to inspection by operators are reduced. Less inspection is re-
quired because of inherent machine accuracy and reliability. Also. the
operator of a machine can observé position displays and program
sequence number light=. and compare them to data on his operations
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<Eeels to verify machine perfornance. This is a subsiale for frequent
use of inside, outside. and depth micremelers. and varicus types of
sages used to check each metal-culting step when using new. unproven
mzchine contro] 1apes and whea spot checking subsequent paris

The single meost significamt faclor afecting phrsical demards s that
many former operator furnciions now are on the tape. Two <1 more axes
of cultinz toolwerkpiece movement are programed for numerical
contrel. Thus, operator invelvement with handwheels and levers tvpical
of conventional machines has been reduced. and even eliminzied on
come machines. Many other funclions. such as control of lubricant
(coolant) fow. also can be incorporated into the npumerical contrel
svstem. Also. 2ssuming that planning for tape preparation was adequate.
there ic less chance for an eperzlor to produce a faully pant than in
conventional mzchining operations. Extensive care is being 1aken to
nrevent tape erors by incorpurating extensive cnecks and oonirols Into
part programing and tape-preparing procedures. This is she case both
where manual (including tape-producing dala typewriter) methods of
tape preparation are used. and wkhere compuler-oricnied syslems are
applied. Thus panic button slops. and need for mmodification of pre-
determined machine movements. feedrates and speeds by machine op-
eralors. are becoming less frequent. All of these further tend 1o lessen
tke physical involvement of operators with the machining process.

Talking beccmes more significant—ihough not necessarily mors frequent
—as a physical {and mental) requirement.* Operators must be able to
describe events preceding machine errors and non-programed slopages.
Operators also should be able 2o explain why. in their opinion. such
errors or slops occurred.

Hearinz is helpful. though not critical. for numerical control as well as
conventional machine operating. An operator aleri to too! chaiter and
squeal can iake remedial action to prevent tool breakage and workpiece
damage. Hearing is alo significant in learning the job, and in giving
and receiving instructions at any later fime

Seeing requirements are relatively unchanged. Freguently, normal-range
and near acuily are necessarv: lo read operations sheets or Process
manuscripls: interpret drawings and cketches: identify surface finisk
quality; use and read inspection devices: read 1ape: and set switches
and dials. ané monitor lights and vicual numerical displays on control
panels and consoles.

The need for far visual acuity when operating very Jarge machines is
being reduced by use of centralized control panels, periscope-type re-
mote viewers, ané closed-circuit television systems.

Visual accommodation—the ability 1o adjust the lens of the eve 10 bring
okjects at varving distances into sharp focus—appears to be more im-

1 Talking 2nd hearing are examples of physical demands that can be ren-
dered less important or unnecessary by “job engincering.” Modification of
conveniicnal communication methods, as by scratch-pad use o give and
receive information. has long permitted use of totally deaf persons with
or without speech, as machine tool operators. Howerer, such reengineering
55 most suitably applied when adjusting the requircments of a single posi-
tion to the abilities and Jimitations of one individual. It does not necessarily
affect the worker requirements for the (broader-scope) job within the or-
ganization.
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poriact for numerical coztrel than convenlional mzchine operating. Part
of tke reason is tke physical difference of the numerically controlled
rzachine. It has zdditional conlrols and displays not fourd on ils con-
ventional counterpari. These often are installed in 2 cabinet that is
separate from the machine. Therefore. there is a less tangible, less direct
relationship of operator to workpiece. The operator <hifts his altention
frequently. and somelimes rapidly. from the workpicee/culling tool
interface to visual displays of actual machine performarce on a console
or control panel. Another reason for accommodation is that virtually
all operators perform other secondary operations. such as manual de-
burring and inspeciion of presicusly-machkined workpieces while their
machine runs on the tape. Even where an operator has responsibility for
only one machine. it is becoming common practice for him to organize
as much of the pext job as possible while tape-controlled machining is
taking place. in order to kold change-over time to the minimum. Ac-
commodation is especially necessary for the workers who operale more
than one machine tool: ther have to monitor the performance of 2
machire that is operating under full tape controi. while selting up and
operating another conventional or numerically controlled machine

Working Conditions:

Most emplovers acquire initial experience in numerical control by re-
placing conventional with numerically controlled machines on a one-for-
one basis. Or. one numerically controlled machine—a tape drill press,
for example—may replace several conventional machine tools. In either
case, the environmental conditions for the operator are approximately
the same as before

As employers acquire more numerically controlled machiaes, and gain
extensive experience in their use, many of them prefer to establish a
separate numerical control machining department. There are several
reasons for this, including improved management control of machining
operations. But a major reason many employers give is that they realize
this is the only way 10 take full advantage of the inherent accuracy and
repeatability of numerical control machining. Its potential often is com-
promised when there has to be a mix of numerical control and conven-
ticnal machines in the tool room. or on the production floor. In manufac-
turing establishments that have taken the step of setting up one or
several numerical control machining departments, the operators’ environ-
mental conditions usually are significantly improved. Manufacturing
olanning precedes such a conversion, and this includes both analysis
of numerical control machine capabilities and definition of the organiza-
tion’s present and anticipated manufacturing requirements. Thus, it is
no longer possible for a numerically controlled mackine to be placed
between a drop hammer and an annealing furnace, or in an otnerwise
unsuitable location. Cleaner, less dusty working conditions are usual.
Machines are located where large fluctuations in temperature are unlikely.
Vibration. induced by other machine tools and material-handling equip-
ment. comes under intensive scrutiny. The physical plant and equipment
also tend to be newer.

In some cases, “white room.” lahoratory-type environments are specified
for numerically controlled machines. Here. the working conditions are
close to ideal. Dust filtration, and temperature and humidity control are
the rule rather than exception. in order to achieve extremely precise




machining 2ccuracies. Similar environmental corditions exist in remote-
control numerical conlro} indtallations. These involve operator cortrol b
closed circuit television. from 2 console remaved from the machining
area. These installations are rave. thus far. They provide the only feasi-
ble means of machining such things as <clid-fre] rocket propellants.
ard rediozclive materials. In the latler case particularly, machining is
perforized under carefully prescribed conditions.

The hazards of operating numerically controlled machines are relatively
unchanged from those of the conventional machines.

There is alirays the possibility of eve injurs and minor culs and bums
from fving chips while metal-culling is taking place. But the chipmak-
ing time of numerically controlled machining may range from 70 10 €0
percent or more;: on conventional machine tools used in short-run ma-
chining. the aciual produciive time ic wsvally 20 1o 40 or 50 percent.
and can be even less than this. Thus. the amount of worktime the opera-
tor is ¢xposed 10 machine-caused minor injuries is potentially much
greater. This is especially so wshen he is operating lwo or more machines
simultaneouslv. a not infrequent occurrence with numerical control.
However. the operator is less directly. and less clozely, related to the
machining process. and this tends lo be 2 compensating factor. With
pumerical control, ke does not often have 1o observe machining progress
at close range to make compensaling adjusiments—at least. once the
tape has been proven.

Major injuries are always possible in the machine shop. but may be
reduced by numerical control. Management planning which preceds in-
stallation of major items like numerically controlled machines tends to
assure adequate environmental conditions for the operator as well as
the machine and control system. This planning also includes assuring
adequate tooling and fixturing: thus. the nced for operator improvisation
—comelimes dangerous—is reduced. Also. part programing involves
much mors detailed production planning than is cuslomary in traditional
machining. The preplanning and specification of somewhat conservative
machine feeds and speeds tend 1o reduce injuries caused by cutiing
tool breakage, particularly when relatively inexperienced workers are
used as machine operators.

Wearing of reinforced-toe shoes and safety glasses has hecome 2 standard
practice, and tends to reduce the frequency and severity of injuries iv
workers in numerical control as well as conventional machine operating
jobs.

ELECTRONICS MAINTENANCE
FOR NUMERICAL CONTROL

The trend toward solid-state components. as exemplified by the transistor,
is currently having an effect on workers in this occupational area. It will
also have an effect on future work force entrants. Emplovers state that,
as compared to repairmen of vacuum-tube type numerical control sys-
iems, the solid-state control systems repair technicians need to have
more knowledge of electronic theory. They also have to use more complex
test equipment, such as dual-trace, lahoratory quality oscilloscopes.
Another requirement is more reference to techaical manuals and the
ability to interpret graphic and tabular materials such as waveform
descriptors and voltmeter value charts.
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Some manufaciurers are making a concerted effort to simplify the service-
ing preblem tdefining the problem. then localizing it and finally locating
and then repairing or replacing fanlty modules and componentsi. One
approach i= by supplving diagroestic system-text and trouble-localization
test gapes. along with kandbooks describing their use. Also. circuilry
now is being desizned with repairing and <ervicing in mind. Plug-ins
for test jacks are being located on a single plane on the console. Trouble
indicator lizhts wired into control system test circuilry also tend 10
speed up as well as simplify hiz work.

Electronics modularization and miniaturizalion are having imporiant
effecte on the numerical contrel maintenance function. Because of
modularization. a2 module can be pulled and immediately replaced by
another from inventory. The operator can ze1 back to chipmaking while
the repairman pinpeints trogble in the module a1 1 more convenient
place. and in a physically more comfortable manner. He does it at his
own workbench—where he may now have on hand a set of newly
marketed. plug-in tvpe testers for semi-standardization modules. Or he
may just mail the printed-circuit boards back to the manufacturer for
repair and replacement. The resull of miniaturization is the further
lessening of phasical work requiremenis of ke job. But more emphasis
i< placed on analytical ability. because the companion of miniaturization
is combination of functions. multi-purpose modularity. that makes
troubleshooting more difficult. and repair perhaps impossible. or un-
economic in some cases, even with specialized equigment for component
isolation testing and module repair.
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The occupations described in this booklet are those most directly con-
cerned with numerically controlled metal-cutting machining. Since. how-
ever. occupations are s1ill fluid. hiring requirements and qualifications
for emplovment have not vet been fully standardized, and a certain
amount of overlap will be noted among the occupational descriptions.
Neveriheless, the occupational data assembled from many different
soarces, are a reflection of the existing situation. They must be regarded
as composiles of jobs. and cannot be expected to coincide exactly with
any job in a specific organization. It wili be necessary, therefore, to
adapt descriptions to fit individual jobs before they can be used with
complete accuracy. For this reason it is also important that the user
of this material be familiar with the nurpese :ad meaning of the various
seclions included in this brochure. and the several parts of the individual
occupational descriptions.

For a full understanding of the descriptions and their relationships,
both among themselves and with changes that have iaken place and are
likels to continue. it is necessary that the reader take into consideration
some of the <ections of the preceding narrative information. These are
sections such as “Shop Supervision™ and “Comparison of Requirements
between Numerical Control and Conventionai Machine Operations™
This information is included there parily to avoid repetition ameng the
descriptions themselves.

The job descriptions are arranged in alphabetical order by titles. The
wording of the title that appears at the head of each description is a
reflection of common usage. Other titles, or alternate titles. by which
the same job is knoewn also appear at the head of each description in
small type. Between the mair and alternate titles appears the c¢ccupa-
tional code which identifies the job withia the classification struciure of
the third edition of the Dictionary of Occupational Titles:

The narrative portion oi each job description is arranged as follows:

OCCUPATIONAL DEFINITION

A brief description of the duties involved in a particular occupation. It
provides an understanding of the tacks that are performed, and the skills
and knowledges necessary for the performance of those tasks.

EDUCATION, TRAINING, AND EXPERIENCE

An indication of the education and the level of training and experience
usually required by management for emplovment in the occupation. As
previously mertioned, considerable variation exists among employers
as to required education, training. and experience. However, an attempt
was made to indicate the complete range of such hiring requirements.

WORKER TRAITS

Provides some estimate of the worker trait requirements of the occupa-
tion. It has long been helieved that the zbility of an individual to adjust
to a specific type of work situation is as significant as the education and
trzining qualifications he brings to the occupation. Consequently, judg-
ments have been made in terms of a numher of components consisting




of aptitudes, interests, temperaments, physical activities and environ-
mental conditions to which individual workers have o adjust. A liting
and definition of each factor for the various components is contained in
the Worker Traits section. beginning on page 68.

Aptitudes:

These are the specific capacities or abilities required of an indi-
vidual in order to learn or perform some task. This component is
made up of 11 specific aptitude factors. They inciude the nine
factors contained in the General Aptitude Test Battery developed
by the GATB. Those aptitudes were selected which seemed signifi-
cant in the occupation and are identified in terms of specific work
situations. The factor of intellizence, however, was not rated be-
cause of the difficulty in writing meaningful descriptive statements
for this relationship.

Interests:

This component is defined as a preference for a particular type of
work experience. It consists of five pairs of bipolar factors, ar-
ranged so that a preference for one factor in a pair generally indi-
cates a lack of interests in the other factor in the pair. Those
factors were selected which seemed 1o be significant to the job in
question, and are identified in terms of specific situations.

Temperaments:

The temperaments component consists of 12 factors that reflect
different work situations. Each work situation describes a type of
activity that demands a different adjustment on the part of indi-
vidual workers. Those temperarent factors were selected that ap-
peared to be significant in the occupation, and are icentified in
terms of specific duties.

Physical DPemands and
Working Conditions: .

These reflect working conditions which make specific demands - :
upon a worker’s physical capacities. There are six physical activ-
ities factors and seven environmental conditions factors. Those
factors were selected that were significant in the occupatien in the
sense that they met established criteria for successful performance.

27
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FUNCTIONAL ORGANIZATION CHART-
NUMERICAL. CONTROL INSTALLATION

(Manufacturing Management)

DEPARTMENT RRANNING. DIRECTION & CONTROL |
: Cocrdirater for humerical Control

, PART PROGRAMWING )
Rart Programmer. Numericai Contrgl |

Part Prcgrammer *umerica: Control i1~

TOCL PRESETT

Toc! Presester, *

(Miachine Shop Supervision)

OPERATICONS

Jig Boring Machine Operator, Milling Machugg Operator,
Numenrncal Control Numerical Contrg!
Boring-M:!I Operator, Matcnining Centey Operator,
Nymerical Control ., Hotsgontal
Boring Machine Operator, Machining Centér Operator,
Tape €ontrol . Vertical .

Vertical Turret Lathe
Operator, Numerical
Control
Lathe Operator,
Numerical Control

Drill Press Operator,
Tape Control
F g

ELECTRONJS MAINTENANCE
‘Electrorﬁcé Technician, Numericat Controt -

» - Systems Maintenance
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BORING-MILL OPERATOR,
NUMERICAL CONTROL

602.280

boring bar operator, numerical control: boring machine operator, numerical
contvol: horizontal boring mill operator. numerical control: tape bar operator,
numerical control

OCCUPATIONAL DEFINITION

Sets up and operates horizontal-spindle horing machine with two or more
axes under preprogramed numerical control to hore. drill and mill metal
work-picces by applyving knowledge of machining practices and metal-
working procedures: Reads process sheets and studies blueprints and
skeiches to organize materials for each run and interpret setup and
operating requirements. Signals crane operator. or operates jib crane
and hoist. 10 locate and aline fixtures and parts. Levels workpieer with
»him<_ and tightens in place with wrenches. Loads toolholder in spindle,
and inserts edge finder (wigglert or dial indicaior in toolholder. De.
presses switches 1o jog edge finder or indicator into contact with
specit..  point on workpiece. and turns indicator dials on control panel.
to cstablish tool-and-workpicce relationship. Retracis spindle to remove
setup gage and load first cutting tool. Scts conventional micrometer-type
dials. cams. and stops as indicated on process sheets. if machine spindle
axis iz not tape-controlled. Places tape seel or loop in control cabinet and
threads starting point of tape through read-head. Depresses switchies to
select mode of operation. advance tape. and initiate machining operations.
Compares numerical display< of machining progress on contrel panel with
data on process sheeis to verify machine operations. Removes tooling,
and installs next specified tool at end of machining cycle. or when worn. 29
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z=d re-tants moeckine. Qreacionally serifie~ mockining zecuracey by using
soales, gazes ood micromelers s vompare workyioce specifeations with
those indircted on process sheets arnd Blueprizie. Trims dimensional
oonlro]l switebes or sndalls wndersize uiting 100l wken preliminary cut
is necessars 1o prevent ool workpiece 2nd machize damage. Rezdjusts
cuntrols or semoves ard replaces cxtter with size orizinally specified. znd
bzcks up tape and redtons mockine a1 point of desiation frem tape.
Orerrides and kerps recnrd of desiativn drem programed feedrates and
speeds wken machining probleme are ezcountered. or <huts down ma-
chize. explains problem ard requesis everride antherization from super-
visor. Readjusts tou)ing in machize or in bench ton] selting zages. before
initiating close1nlerance finishing culs.

Gatbers and assembles tools. holdars. and extensions for mext job
during tapecontrolled machining cveles. and presets radia® and fongi-
tuzdinal dimensions of tonling on bench gage 25 specified on 160} larup
skeickes and process sneel instru-liens. 1o reduce idle time of machine.
Sets up next part on machine during avlematic-machining cveles when
machize iz equipped with twin tables or pallel-and-choitle transfer
system. or off machine wien bench mounting of workpieces to standard-
ized fixturing is specified in process sheel for next job and part and
fixtures arc 20 be Joaded on machine as a single unit. Notifes super-
VIS6I¥ or parnt programing personnel of wunanticipated machining difh-
cltizs and their cauces. and of any deriations that were necessary from
the part prozram and tape as supplied in the job packet. Occasionally
operztes machine in dial-in or manual made. when dimensional data on
tape is inadequate for milling because of excessematerial problems. or if
tape hzs not bren made or additional operatisns are specified on the
process sheets that are not on the standard-part tape. Operate: machins
tool es~lusively as boring-and-drilling machine. if control system is not
capable of milling. or if management has prohibited :se of machine on i
milling in order to minimize spindle wear and retain high machine ;
accuracies.

Acadval ¢

May improvise fixturing from standard locating clamps and biocks, or

from zdjustable vises and chucks, by applving knowledge of machining .
praclices. ang studving process sheels and part <ketch or blueprint to k
insure tooling clearances. May operate machine on dry runs. with ma-
chine unloaded or with stylus in machine spindle. to detect gross errors
on unproven tapes. May =et up and operate machine equipped with two
or more spindles which permit simultancous machining of identical
workpieces. May machine non-metallic workpieces.

it

EDUCATION,; TRAINING, AND EXPERIENCE

High school or vocaiional school graduation increasingly reguired of
eniry worke.s, with courses in machine shop, mechanical drafting or
blue-print reading, and shop mathematics. Two to two and one-half years
of background experience as setup-operator of machine tools on short-
run work is regarded by many cmplovers us sufficient if it has been
oriented toward drilling, boring. and milling rather than metal turning.
Other employers prefer to assigzn journeymen or those of equivalent
experience. to some extent because of the high initial cost of large
capacity heavy-duty machines.
However. production runs usually are very short. This is especially the
30 case on two-a2xis machines: these frequently are selected for one-of-a-
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kird, ard matebingpan mechining In swoost plamis opesztors of no-
reericaily coniredled Borizurials are required 1o machine a large varidy
of materials. Werkpiooes also range from complex czstings and weld-
menis, tv “beiler plate sandwiches.” Thus there is con<iderable justifca-
tion for assizming only wellexpesienced operalors o these machires.
Hoxever, 2 rontinualien of gresent ixend, foward arsting ibe 200}
preseiting nesponsibility from 1he operalor. and toward imposing higher
qualily control standards on raw workpieces. mey Sgifcamly redvoe
experiencr requirements in the near future.

From 1wo to four menths tvpicaily s reguired before the worker zchieves
zdequate proficiency on one make and type of numerically controiled
Eorizontal borisz mechine and corirol svstem after darting as an under-
Study 10 an experienced seivpwperaler. This time can be reduced zbout
one-half. 3f Be has had previons operaling experience on anothér type of
nrmencally coniroiled machine. or has 1zken numerical control orien-
talion courses,

WORKER TRAITS

Aptitudes:
Verbal ability 1o intexpret dsta displays on contre] panels and
rezd wrilten <einp and aperating instriciions: and o describe
machining dificultics. and events leading to machine malfunciions

and breakdossns.

Numerical ability a1 Tevel «f decimal computations to verify ma-
chine performance szaing process sheet du1a. and use gages and
micremeters. Binarv arithmetic n<ually required. to read tape 1o
celect nearess restart point after shutdowns: howerer. this ean be
iearned on the job and mzny operaters keep ike appropriale taps-
interpreiation chant in their wark area. Mathematical requirements
through irizonometrs occasionally imposed: however. thiz is
usually done only where extensive non-tane machining is expecied.
or if method 2nd precess engineering and inspecdon procedures :
have not been modified to take full advantage of the new machine’s :
Dolential.

Spatial ability 1o interpret drawings and sketchez of complex
paris. on which multiple machining operations usually are ze-
quired.

Clerical perception 2o perceive periinent detail in written selup
and operating ipstruclions. and rerognize alphabetic. numeric.
and special symbols.

Motor coordination and manual dexterity to precisely aline and
secure workpicces and fixturing. adjust tooling. and make rapid
corrective adjustments of control switches in response to visual
indications of metalcutticg malfunciions.

Interests:
An interest in working swith machines. processes. and techniques
tc set up. operate. and monitor tape-contrelled performance of a
machine tool.

A preference for activities of a concreie and organized nature to
<et up and operate machine according to specific. detailed. and
sequential instructions.

PAFullToxt Provided by ERIC
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Temperaments:

Mua zdjua 1o 2 vandy of tasks reguiring fregrent change to
menitor mackize 190l during anlemalic ovcles while performing ;
secondary operations that kold dvwnlime 1o a minimem.

Must zdjzrt 1¢ deciding what immediale corvective aciion to take ;
in caszes of machize contro] malivnciion. faully part programing ,
or workpiece variation that preclodes vee of a standard-pan tape. E

: Physical Demands and 1
Working Conditions:

Work i+ medivm. involving infrequent sooping or bending and u
occasional olimbing of sleps or short 1zdder during setup and ]
monitosing of machining processes. Uses 3ih crane or koldt. or
oblains help from others. in lcading and positicaing of heavy |
fo6ling. Manual lifting and handling of ohjects such as large
handlools and tooling usnally is zediricled to about 25 pounds.
Physical requirements for worker tasks such 2¢ reaching and
handling subrequent 1o setups trpicaily are redrred. when nu-
merically controlled machines ar¢ compared to conventional
machine 1ools. because of reduciion or eliminztion of involvement
with handwheels and levers. and more frequent centralizalion of
zontro] panels and work station. with use of periscope-1vpe rémote
viewers and aven closed-circuit ielevision monitors.

Near visual acaity ard accommodation 1o follew process shests,
directly monitor machine performance. and obserze optical daia

displays.

Work is performed inside.

COOCRDINATOR FOR
NUMERICAL CONTROL

012.168
numerical control machining coordinalor: numerical contrsl coordinaicr

OCCUPATIONAL DEFIMITION

Coordinates equipment acqguisition. production planning, part pro-
zraming, tecking, pivduciinn and maintenasnce activities of personnel
aszociated with numesizally controlled machine toois. by applving knowl-
edge of manufacturing engineering. machine shop methods. and 1raining
in numerical ccntrol applications: Confers with design and drafting
personnel 10 acquzint them with recuirements. develop standards and
precedures, and resojve questions of design intent and manufacturing
feasibility. Reviews recommendations of methods engineering personsel.
or anzlyzes bineprints and speciiications of worknieces to recommend
selection of those most suitable for numerically controlled machining.
Trains. or directs training of part programing and machine operating
personnel. Advises tooling personnel in techniques of fixture and tool-
ing design and selection. 1o develop and apply teoling of minimum cost
32 and maximum universality. Analyzes equipment and rature of employer’s
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prodoct mix. to revwmmend most sultable machine rnd partro] zegois-
ticns. odification. aud replzcsmenls {0 managemerl. <ni ZF€ISl man-
agement in lengrange planning for numerical conirs] uinizania De- i
velops or reviews wrillen records of art programing. operating 24
maintenance. 10 define company <landard< and policies. improve sched-
uling and cost conirol. and establih preventive mzaintenance program 1
that makes moa praductive use of workers. machines axd conirols.

Recommends assignment and promolion of personnel. and zdsises rean-
agement on oulside training of most walue 1o personnel. May <olicit sale
of engineering and part programing sersices. and of open numerical
conlrol.time to oulside firms in order 1o load machines fully. 3ar suner-
vise pant programing. or process engineering ard pant programing de-
pariments. May asclsl management in =elling wage and salary standards.
and in reselving labor disputes.

EDUCATION, TRAIFIING, AND EXPERIENCE

Two to four vears of formal post high school 1raining in engineering or
industrial management. or equiialent experience. is a typical minimum
requirement. Many werkers in this arca. however. have had many vears
of experience in practical machining methods (as machinists. then 2051
designers or method and process engineersi and more Iimited academic
cducation: they have supplemented this experience with extensive self-
study znd correspondence work. Pant programing experience of one to
two years—or morc—is another common requirement. depending on
distribution of job dulies. complexity of the employer’s manuvfaciured
product mix. and on sophistication of equipment in use. Five or more
vears of diversified backeround in manufaciuring engincering is re-
garded z= especially desirable. because problems that arise in the normal
course of work are varied, as are the means of effecting their solution.

WORKER TRAITS
Aptitfudes:

Verbal ability to translate engineering and shop nomenclature into
terms understandable to nontechnicians, to read technical papers
and manuals to keep up with rapid changes in machining, and to
organize and present oral and written reports.

Numerical ability at level of algebra and elementary statistics to
interpret or prepare production records and reporis: at minimum
level of shop trigonometry when teaching iwriting of. or prepar-
ing part programs: at levels of basic probability and distribution
3 theory when ass.sting in developirg preventive maintenance. sta-
tistical quality contsol and other nmanagement programs.

AL

Spatial ability to read blueprints and draswings.

F, Clerical perception to detect aad avoid errors in reading and
1 preparing tabular records and reports.
] Interesis:
: An interest in technical subjects to cope with wide range of prob-
E lems involved in short-run machining and keep informed of new
equipinent and techniques. A preference for commaunicating with 33
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people 1o inslrucl, answer queslions and promele rew machining
concepls.

Temperaments:

Must 2djust to planning and conirolling work zctivities in (and
outside) ke unit for which ke is responsible. by applying knowl-
edze of enzineering. machining and mainlenance practices. and
operations analysis.

Must have satisfzctory working relaticaships with people in man-
agemenl. engineering. drafling and tooling. and with manufac-
turers’ representalives, forem~n, shop workers and customers.

Must 2djust to making decisions and recommendations rezarding
furciional reorganizations to facilitale processes. equipment pur-
chases. and personnel scleciion znd training requirements.
Physical Demands and
Working Conditfions:
Work is sedentary which includes occasional walking and stand-
ing.
Talking and hearing required in conferences and during ex-
changes of informaticn about such topics as desirability of ma-
chining by numerical control. and manufacluring processing and
maintenance problems.

Work is performed inside.

DRILL PRESS OPERATOR,
TAPE CONTROL

606.382
" drilling-and-boring machine operalor. numerical control: numerical con-
: trol drilling machine operator: tape drilling machine operator

OCCCUPATIONAL LEFINITION’

Sets up and operates automatic-tool changing, turret-type, or single-
spindle drill press that is numerically controlled in two or three axes of
movement. to drill, ream. 1ap. and bore metallic and nonmetallic work-
pieces: Studies detailed, sritten instructions and part sketch on process
sheels 10 understand sciup and operating requirements. and select speci-
fied tools and workpiece holders such as blocks. risers 2nd clamps. Loads
one or several workpieces. and fixturing. in location and orientation
specified on process sheets. and secures with wrenches. Sels depth stops,
cams and switches on machine head as indicated on operations sheets. if

(1]

Many manutacturers have marketed numerically controlled drilling and boring-
machines with the added capability of light-duty milling (often as an option
available at additional cost). Theze machines often are referred 1o as dnill
I presses, or drilling and boring machines. However, operator requirements are
difierent, because a limited amount of prior training or experience, or addi-
tional on-the-job icarning time is neceszary for the operator 1o gain a general
familiarity with miliing cutters and their application. For this reason. opera-
tors of these machines have been classified under MACHINING CENTER
34 OPERATOR, VERTICAL.




machine spindle axis ic nol tape-controlled or if preset tooling is rot
used. Loads and secures tooling in machize spindle. 200l magazine, or
turret hezd. Sets switches and dials on numerical control pansls z2ccord-
ing 1o process sheel indructions. Threads beginning point of tape into
rezd-tezd of cabinet of console. and depresses switches to biring table
er kezd 1o start point and initiate machining cycles. Turns switch to
sclect block-stop modc when using unproven tape. and verifies conforin-
ances to tolerances by comparing numerical displays with process skeal
and blueprint data, and by making measusements with scales, gages, 2nd
micromelers. Readjusts tooling in machine or too] seiting gages, and
trims controls before initiating finish culs. Repositions workpieces during
programed machine stops when secondary selups are specified.

Removes and replaces workpiece at end of machining cycles. Turns
sclector swilch to full-autcmatic position. to permit machining each
remaining workpiece of production run swithout operator intervention.
Monitors automatic operation To detect errors. remove chip accumulation.
readjust coolant iflow. and recognize and replace worn or damaged t09]-
ing. Shuts down machine in event of machine error or malfunction, and
notifies supervisor. Deburrs and spot-checks machined paris during
tape-controlled machining cycles. to reduce machine downtimes. Oc-
casionally operates machine in semi-automatic mode by seiting selector
switch and manuvally dialing in data zccording to oral or written in-
structions, to machine relatively simple pieces for which a tape has not
been prepared, or to make changes in a standard-part tape. May shift
machine zeros by following process sheet instructions, and turning and
depressing switches, to repeat taped machining patterns in different
locations. May operate two or more machines simultaneously when using
proven tapes. May be designated according to name of manufacturer or
trademark of machine tool operated.

BORING MACHINE OPER-
ATOR, TAPE CONTROL

layout drill operator, numerical zontrol; precision boring-and-
drilling machine operator, numerical control; vertical boring
machine operator, numerical control.

Performs essentially the same duties as DRILL PRESS OFERA-
TOR. TAPE CONTROL except that the addition of a precision
boring spindle to what is basically a drilling machine permits a
high degree of machining accuracy and repeatabiiity. To achieve
near-jizbore machine capabilities, establishes setup points with
proving bar, precision dial indicators and zet-v» blocks. Occasion-
ally improvises holding fixtures from standard blocks and clamps.
May be permitted to override programed feedrates and speeds.

EDUCATION, TRAINING, AND EXPERIENCE

High school or vocational school graduation increasingly required of
entry workers. with some training in shop mathematics and metal-cutting
practices. When these workers are not available. many employers prefer
to select workers with a background such as mechanized farming. or
extensive shop-related hobby experience. that gives some indication of
possible job success. Workforce entrants with extensive courses in
inathematics and mechanical drawing, but without any training or ex-

25 TER M) 4 5 o F
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perience in mackine operatinz. often are bired and immediately ass;gned
to numerically controlied machines z= “understudies™ or “leamners”
However. many emplovers prefer 1o assign these workers to operation
of conventional single-spindle drill presses for 2 minimum of three 1o
six months and then transfer them to relatively lizht-duty numerically
controlled muchines. This practice gives i:e new worker ~onfidence as
well as machine shop experience and thus tends to allay “buck fever”
when he is introduced to the machine.

The emplover usuaily provides up to one month of on-job training under
decrcasing amounts of supervision to workers assigned 16 these machires.
Lengih of time “required to achieve sdequale performance can range :
from a few months to one vear becaus» tolerance requirements, raw ma- .
terials mix. and production sun lengihs vary so widely. A general
orientation course in numerical control concepls can reduce fraining
time somewkhat. but can not be considered a substitute for Srm grounding
in shop practices and metal-culting procedures.

A significant difference belsveen numericai contro! and conventional
machine operating is that the numerical control operator wsually is not
ailowed 1o sharpen his own cutting 100ls, though he may touch them up.
Good ool geometry is critical to numerical control machining because
jizs are not used. The eflect of this standard is to reduce training time
slightiy.

A WA
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WORKER TRAITS

Aptitudes:
Verhal ability to comprchend process sheet instructions, explain
operating difficulties, and descritie ¢vents preceding machine er-
rors or breakdowns.

b

Numerical ability at Jevel of decimal computations to verify ma-
chine performance. interpret aumerical data displays ard use
gages and micrometers. (Trzining in non-decimai number systems
is helpful in learning to read tape but is not 2 job prercquisite.j

Spatial ability to interpret =etup sketches and properly set up
fixturing and workpicces.

Clerical perception to avoid perceptoal errors, and recognize
alphabetic, numeric, and special symbols.

Motor coordination and manual dexterity to set up fixturing and
workpicces. adjust tooling. and rapidly move switches and con-

trols to stop machine or cerrect orrors. l
interests:

An interest in working with machines and processes to s¢t up,

operate. and monitor numerical machine-and-control system.

Interest in activities of concrete and organized nature to operate

machine according to specific and detailed instructions.
Temperaments:

%%[37

Must adjust to a variety of work tasks subject to frequent change,
demanding rapid transfer of attention beiween monitoring of
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machine znd performance of auxiiliary tacks during tape-con-
trolled machining cycles. Operaters need to be alert for posshle
damage. and must prevent unnecessary machine downtime.

Must have disposition 10 meet standards and requirements speci-
fied on operating sheets. written instructions. skeiches. etc.

Physical Demands and
Working Conditions:

Work is medium. Maaually hfts and loads tooling. fixuires and
workpicses seldom exceeding 20 pounss 10 avoid time-consuming
vce of cranes and haists.

Stands, and walks frequently within markine area, when seiling
up, uvnloading. and monilorinz perfermance of mzchinz

Near visual acuily and accommodation to follow process shects.
monitor tape-controlled melcl-cutting, and analyze displays cf
dazz en czbinst or con<ole for indications of error.

Work is performed inside.

ELECTRONICS TECHNICIAN,

NUMERICAL CONTROL
SYSTEMS MAINTENANCE

828.281

maintenance man. clecironic: numericai control maintenance sperialist:
numericai control techaician

OCCUPATIONAL DEFINITION

Repairs contour path. straight-cut and positioning-fype electronic nu-
merical controls of machine icols, following manufaciurers’ manuals:
Discusses evenis immediately preceding mackine error or stoppage with
machine operator and mzchine maintenance personnel to eliminate the
possibilities of operator or pari program error and machine failure. and
to determine the general nature of the maifunctions. Localizes. isolates,
and repairs or replaces fawlty moduies and components by following
schematics, diagrams and handbosk instructions. vsing such aids as a
dual-trace oscilloscope. test probes. and clectrician’s handtools. to restore
control system to operating condition. Tests system by using system
and treuble-localization test tape to simplify diagnostic tasks, whenever
such tape is available. Inserts replacements for defective medules when
control is of modular design. and repairs defects later, at workbench. or
returns modules to manufacturer for replacement.

Follows preventive mairtenance schedules to reduce breakdowns and
machine errors hv such means as replacing components before they be-
come defective or marginally functional. Keeps written records of down-
tine and nature of malfunctions to provide statistical base for modifying
these maintenance schedules. Repairs associated machire tool electrical
and electromechanical components. or guides shop electrical maintenance
personnel who performs this function. Maintains spare parts inventory.

May repair machine tool hyd:aulic and mechznical defects. depending
on breadth of training and experience. May zlso repair electronic control
systems that monitor and control continuous-flow industrial processes
and machines ether than machine tools. May originate testing proccdures.
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VMay devise ané construct moduletest equipment. May assist on instal-
fation, checkout. and inaintenance «f numerical controls at customers’
establishmenis as marufacturer's representative.

EDUCATION, TRAINING, AND EXPERIENCE

High school graduate. Graduation from a two year post high school
technicai scheol swith an slertronics major is a frequent minimum require-
rment. and is becoming more commion as more of these scheols offer a
major, or option. in elecironics. Military training and experience in
repair of complex. speciaiized military electronic systems is especially
desizable, because these ~ourses normally:

1. exposc the trainee to orientation in both general and special-
purpose sreiems,

2. train attendees in non-decimal number sysiems,

3. provide a background in servomechanism theory as applied to
any control svstem from all-clectronic down to mechanical. and

4. introduce the concepis of calculus. essential to understanding
hew many control systems operate—although calculus is not
normally necessary in their repair.

‘Thus. military systems training and experience can drzmatieally reduce
1hie length of on-the-job experience required (after specialized training)
to be proficient in the repair and msintenance of numerical coniqols for
machine fools.

Customer training supplied ks manufacturers of machine tool numerical
controls is intensive in nature and usually ranges from «ne week for
maintenance of a simple positioning control svstem. to two to three
sweeks for a complex. contour control system, and in almost every case
presames exteasive previous training in the basics of elecironic as well
as electrical theory. For electronics. these basics include AC and DC
ciresit theory, amplitude and phzse modulation, transistor and vacuum
tube operation. and training or experience in the use of test equipment.
especially oscilloscopes. Some employers follow up aumerical control
maintenance training by arranging for their employee to work along
with an experienced man in the manufacturec’s or some other plant—a
combination of training and experieace—for up to two months before
their first numerically controlled machine is installed.

Many employvees selected for numerical control training have bean shop
electricians with a background of studies and hobbies invoiving clec-
tronics. rather than extensive academic training.

An increasing number of users are supplanting the manufzcturers’ nu-
merical rontrol courses with in-plant training by their own personnel.
This approach has two distinct values. Training can be oriented toward
the users’ operations, and geared to the aptitudes and backgrounds of

their learning groups.

Training time may be reduced in the futyre as numerical control courses
become integrated into academic curricula. Currently, a number of em-
plovers are demonstrating their community responsibility by making
come employees available on a released-time basis. for part-lime teach-
ing duties in local vocational schools and colleges. This has considerable
significance, because qualified instructors in electronics are scarce. and
the shortage is expected to continue.
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When emploved by a cuntrol manufactzrer. the worker usvallv receives
six to tweive months’ additional training and experience belore being
assiened 1o field service wark. to become competent in all types of
numerical controls the emplover manufactures.

» asswrapgpy

Test: US. Emplovment Service. Specific Aptitude Test Battery S-103

WORKER TRAITS
Aptitudes:

Verhal ability 1o discvss reasonz for machine and contrcl malfunc-
tions and stoppages. read and assimilale technical materials. and
sugeesi changes in standards and proecedures that mighi reduce
downtime.
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Numerical ability to level of decimai and binary arithmetic znd
Poclean algebra (logic) to comprehend functions of numerical
control switching circuitry. perform diagnestic tests. interprei
display lizhts. read punched paper control tapes. and keep wrillen
downtime and inventory rerords. A course in introductory dif-
ferential and integral calculus is very helpful in providing a back- 1
eround for understanding how complex machine-and-control sys-

tems operate. and successiul compleiion is an indicator of fairly

high numerical aptitude: however. such a course is not regarded

as absolutely necessary for zuccessful on-the-job performance.

— .
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Spatial ability to interpret waveform displavs. and to comprehend
schematics and diagrzms and relate physicai components to them.

Form perception to check circuitry for such defects as loose or
corroded connectors, and for presence of dust or other foreign
matter.

Clerical perception to perceive pertinent detail in written ma-
terial, as when comparing test displays to handbook values.

Manual dexterity to use test probes and handtools.
Finger dexterity to move small objects in confined work spaces.

Color perception to recognize and work with color-coded com-
ponents.

interests:

An interest in working with machines and techniques for repairing
them.

A preference for activities resulting in tangible satisfaction to
repair, and perform preventive maintenance services on electronic
control systems.

Temperaments:

Must adjust to a variety of tasks, such as initiating a series of
tests to localize and diagnose equipment failere. and carrying out
preventive maintenance duties.

Must be able to make decisions concerning performance of equip-

ment based on factual information such as test data. manufac-

torers’ manuals, and predeiermined test routines, to isolate and
40 identify marginal or faulty components.




PAFullToxt Provided by ERIC

Must adiust 1o working with precise and cstablished standards
of accurzey indicated by wrillen specifications. and at speed suf-
ficient 1o hold machine downtime and production rescheduling to
a minimum.

Physical Demands and
Working Conditions:

Work is light. invelving lifting and carrving equipment =cldom
exceeding 10 pounds. occasional pushing and pulling of heavier.
dolly-mounted test equipment, and infrequent stooping and creuch-
ing.

Reaching. handling. fingering. and feeling o work with delicate.
miniaturized printed-circuit modules and components.

Near viswal acwily and accommedation te read handbooks.
schematics. diagrams and tahular data. to operate precision test
instruments. and repair complex. miniaturized cquipment. Color
vision to distinguish among colored wires and interpret color
codes.

Work is performed inside.

JIG BORING MACHINE
OPERATOR,
NUMERICAL CONTROL

606.280

horizontal jig boring machine operator, numerical control:
vertical jig boring machine operator. numerical control

OCCUPATIONAL DEFINITION

Sets up and operates vertical or horizontal-spindle numerically controlled
jig koring machine to perform such functions as center drilling for lay-
out. drilling and rough boring, and finish horing. countersinking, counter-
boring and inspecting. by applving knowledge of manufacturing prop-
erties of metals and machining methods: Studies operations manuscripts.
blueprints, sketches, and tooling instructions te determine engineering
intent, and processing sequence and methods. Loads fixtures and work-
piece as specified on sketches or in narrative instructions. and secures in
place by use of wrenches. Loads tape in read head of control. Jogs
machine. with edge finder or precision dial indicator in spindle. into
contact with part, or fixture or table blocks and gages. Depresses switch
s ot machine zero, Installs preset tools in specified sequence and
jogs 1o zero point to initiate tape-controlled machining: sets conventionai
cams, stops. and dialtype switches on machine head as indicated or
operations sheets if machine spindle axis is not under control of tape.

TInspects each cut on first piece of run to trim console controls and re-
adjust cutting tools, in order to achieve desired concentricity. boring
tolerances. spatial relationships. and surface-finish quality. Discusses
operating difficulties with supervisory. engincering and maintenance per-
sonnel. and recommends improvements in future similar part programs,
by applying extensive practical experience in machining. Presets cutting
tools off machine during tape-controlled cycles by using precision pre-
setting instruments, and organizes materials for next job. to reduce
machine downtime. Frequently works close to or at very limit of machine

41
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acenracies, which eurrentls zanze from = A0 g0 660050 inch. Occa-
siemally aperates mackine o] a< in-peviion machine. in manner <imilar
to normal wperatins. by insesting precichon measuring instruments in
spirdle. and meing machine threugh cvcles under fape dialin. eor
mannal centrol. 10 indicate deaiations from grewribed tolerances.

May replace cutting touds with high <peed peinding unit to INTOYe
curface finiches and kedd clucer tolerances when duing finiching werk.
M=r eperate machine that has the added cajalality of milling. bt which
i< classified a< a jiz boring machire ratker than milling machine be-
canse of tolerancebolding polential. Mav operate figdvpe machine in
which boring Lead has been replaced by meacuring head. <olely a- high-
precicion inspection instrument. May rezrind culling touls. Max improvise
warkpiece-holding fixtures from <andard Blocks and clamps.

EDUCATION, TRAINING, AND EXPERIENCE

High school or vorational schoo] graduale. or cquivalent. usually with
courses in machine <hop practices. shop mathematics. and mechanical
drawing. Emplovers frequentiy require twa 1o four vears of precision.
job-run exprrience as a sctupoperater of conventional high-precision
machine toolc. or journevman machinist s1atuez usually. this is followed
by ane to three months as leamner or trainee to leamn basic concepls of
numerical control and berome familiar with one make and type of ma-
chine and control svstem. Experience in interpreting complex finished-
part blueprints. in use of ultra-precicion measuring gages and instru-
ments. and extensive knowledze of dvnamic processes of machining are
rezarded as most significant: the time required by workers with such a
Lackeround 1o master numerical control concepls psnally is relatively
insignificant.

WORKER TRAITS

Aptitudes:
Yerhal ability 1o confer with supervicory. part programing and
maintence personnel about operating difficultics: and to interpret
written setup and operating instructions.

Numerical ability at level of decimal and binary arithmetic to per-
form seratchpad arithmetic. interpret display lights. and compre-
hend meaning of coded tape perforations. Some employars re-
quire knowledge of shap trigenometry. to enhance manaufzcturing
flexihility: trigonomet v can be essential 10 operate machine occa-
zsionally in manual or Jdial-in 1ode. when tape and process sheet
have not heen prepared by cngineesing. or when minor changes
are required in tape when using conventional blueprints.

Spatial ahility 1o visualize setup practices. machining processes
and finished workpiece irom two-dimensional drawings and
sketches.

Form perception to interpret surface finishes and recognize min-
ute defects in workpieces. during machining process.

Clericai perception to perceive pertinent detail in written material.
and in visually displaved data.




Motor «oordination. and manm) and finger dexterily to precisels
alizn ard secure workpieors and Sxturing ard wse precision in-
- spection and tool-=elting indruments.

interests:

A preference for working with mzchines and proocsses 1o <€l up.
oprrate. and meniler the performance of the machine-and-control
svstem.

Interest in aciivities of a con-tele and urganized nature to follow
well-defined indrzcions for the produciion of ¢each pani. or group
of paris.

: Ternperamenits:

Must 2djus 10 a variely of tasks during cach shost-run machining
evcle. 1o assure adequate <andards of snachining quality ard
speed. and hold expensive machine downtime to a minimum.

i Mu«t adjus 10 adhering exactly to established <1andards and pro-
cedures contained in operations manuscripts. blueprints. sketches.
and fooling instructions.

Physical Demands and
Working Conditions:

Work is light. involving frequent standing. and sralking within
machine area and occasional stoooping or bending when selting up
for. observing progress of. and inspecting accuracy of machining
Many emplovers require worker 10 oblain assistance when han-
dling objects over 20 1o 25 pounds. to reduce possibilities of per-
sonal injury and material damage.

Reaches, handles and fingers. 1o el up tooling. load and thread
tape in machine control unit: sct and make trimming adjusiments
on multi-position switches: and verify progress of machining with
precision gages and measuring instrumenis. fo very Iimit of
machine-and-control accuracy.

Normal and near visual acuity. and occasional accommodation.
to read manuscripis and drawings. observe machining proresses.
and observe display devices on machine. and on control console.

Work is performed inside.

LATHE OPERATOR,
NLOMERICAL CONTROL .i'

604.382
antomatic-tool-changing lathe operator. numerirzi control: engine lathe
operator. numerical control; turret lathe operator. numerical control

CCCUPATIONAL DEFINITION 1

Sets up and operates numerically controlled horizonial lathe to turn.
hore. face. thread and taper-turn metal workpieces: Reads process sheets
and studies blueprint= and <ketches of part and tooling. 1o determine
sequence and nature of work activities. Inserts beginning point of tape
in reading head of control <vstem. Manuclly loads. or u::es hoist. and
affixes work between centers. in z chuck. or to a face plate. Selects and 43
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invialls preset fnding in Lead peedel tirrede o 1 oindexing beode snd ot
malicloalcliunge marariz e in s penoe specifod o pracec Jaetl fhe-
presses pushloflens and top2les, 2nd <e1s dizital seledtor anitches tha
angment or seplace the handubecls ard laers of omietienal mackine
toele. 1o jopz first too] to a1 sl gainl. adisnee fape az=d «ant melal
culling.

Glserves numerical displavs on conire] pane] and cempancs with data en
process <heels to vorify dimen<onal zdjudments. focdrates, and speeds
of machining cuts. Compensates for s=ch factors 2« 1oo] spring and wear.
and wurkpiece deflection. by applving praciical knowledze of machining
and tumns dials and switches to wrerride 1ape control and correct machine
performance. Explains operating dificulties to supervicory. mainleninoc.
and process planning personnel. and notifies them of any deviatéens from
pant program. Trims controls and readjusis culling tosls prior 1o ma-
chining of finishing cuts. Inspects first piece of rur and spotchecks sue-
ceeding picces by using micromelers and precision dial gages 1o verify
accuracies. S1udies job packel and organizes materials for next sun
during autemalic tape-conirolled cxvcles. 1o shorten changewver time.

May presct tools before posilioning them in latke. using precision pre-
seiting gages and instruments. May se! up and operate 2nother machine
too) duringz tape-controlled machining cvcles when usingz proven tapes.
or nerform other work such as panis deburring. May machine non-
metallic workpieces.

EDUCATION, TRAINING, AND EXPERIENCE

High school or vecational school graduate preferred. w5ith courses mn ma-
chine trades.

Amount of on-he-job experience emplovers require on conventional
lathes varies widely. Some emplovers indicates that six months 10 one
vear of work as a setup-cperator of a conventional lathe on short produc-
tion runs is sufficient to gain an wunderstanding of most commonly-
recurring metal turning problems. but other emplovers prefer to select
numerical control Izthe irainees from workers with two vears or more
of job-shop lathe experience. Workers vsually are ascigned to numeri-
cally conirolled lathes as learners. and work under very close supervision
for zpproximately :ne month. After this. workers frequently require six
months to one vear 1a achieve average production and workpiece quality
standards.

Final responsibility for workpiece quaiity usnally is the responsibility of
the lathe operator. wwho must compensate for factors not foreseen by part
programing personnel. and make control adjustments to maintain spatial
relationships. hold tolerances aad compensate for factors such as tool
spring and workpiece deflection. The amount of aperator decision making
is greatest when par: programing personnel lack adequate hackzround
in details of metal tarning practices: currently. this is not uncommon
because of the relative newness of numerically controlled lathes.

Lathe operators traditionally have regarded themselves as either engine
lathe or turret lathe hands. Hawever. some emplovers are finding that
experience in either area is adequate as background for numericall con-
trolled lathe work. Basic knowledgze of metal-turning machining and tool-
ing praciices. particuiarly in relation io tool compensation. apparently
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WORKER TRAITS
Aptitudes:

- 3 Vertal aliliin 30 Isterzoed wriltem setup amd wprratizg insiroe-
firme. and explain ~pernting rredlems and maliurctions & fore-
man, mainlenonoe and pant pregraming persernel

. Numerieal abidily a1 leaed of shop arithmellc 1o u<e insprelion
; 2evices 1o Interprel tnzchining progress, make seritchpad comypu-
txtions. ard s irimming detices 6n <omir] osncole 1o hold
stecified tolerances. Numerical alalite at ferel of non-decimal
2rtihmectic 10 leam reading of junched conlred t2pe. comprebend .
centro] principies. and beller explain preilems of inlerprelation
of machine-and-conirol maliznnciions.

Sratial ability 10 isterpre’ drawings anpd sketches of pans thet
often are complex. regrining multiple operations.

Clerical pereeption 1a perceive pestinent detail in wrilien setup
and opersting inslruciions. and recognize alphabelic and numeric
symbols.

Manua! devterity o use inspection desices and hzndiools.

.

Infereste:

PP

An inlerest in activities concerned swith machines. processes. and
techriques to opesate one or mere ivpes of numerically contraiied
Iathes.

Preference for activities of a concrele and organized nature 1o se1

up and operate machine according te specific. detailed and sec-
quential instruciions.

Temperaments:

Must adjust «» a variety of tasks requiring frequent change. and
divicion of atiention belween wiwwn work 1asks and monitoring of
machine performance. 1o permit maixmum productivity.

Must adjust to deciding to =clect immediate corrective action from

a limited range of alternatives. when part program is faulty or if

he encounters wide vasiation in size or hardness of raw work-
4 pieces.

Physical Demands and
Weorking Condifions:

Strength requirement is medium. invelving infrecuent stooping.
and occasionai awkward reaching. when setting up and inspecting

*Setup and operation of the “autematics™. har and chucker-type automatic
<crew machines or lathes. 13l 15 an occupational specialization. Although cer-
tain funciions such as feedrates. speeds and rapid traverse are on the tape
when these machines are equipped with numerical eantrol the machines are
basically the same as their conventional eounterparts: the came worker re-
quirements still exist to set tocds for close tolerances and adjust trip blocks
and pins for non-lape operations.
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work. Manually lific and in<alls fizkler workpicoes seldom ex-
ceeding 20 pounds. Worker zctions relsted 1o seiup. 1akedown. ard
100 selting ard recdjustment typically are more frequent than on
conventional latkes, because of high melalremaal caparity, and
hizh ratio of melxi-culting to non-productive lime of pew nu-
tacrically controlled machines.

Near vicual zcully and accommodation to follow wrillen manu-
scripts. moniler machine performance. znd <hift allention to opli-
c2l display and siznal lights on machine control unii.

Work is periormed inside.

MACHINE CENTER
OPERATOR, VERTICAL

609.380
namerically controlled machining center operator. verical: sertical

drilling-boring-and-milling machine operator. numerical control

OCCUPATIONAL DEFINITION

Seis up and operstes aulomatic-lool-changing. tumretiype, or single-
spindle vertical multi-purpose numerically controlled mzchine. to drill,
ream. tap, bore and mri workpieces according t¢ drawings, sketches. znd
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weillen jnstruciivns: Lozds one wr several wurkjfeces and fOxtures.
Blocks or clamps. zaanuaily or br use of craze or heid. in position azd
orientation specified on ~etup sketch and eperation manuscripl. Tightens
bolts Ly wee of wrenckes, to prawent workpiece fmovement during ma-
chining. In-.alls and fizliens presel tools in spevified sequence. Loads
tape into read-bead of cunirol cabinet of consnle. Seis depth <lops. cams
ard dialtvpe switches on machine bead as indicated on uperations sheels.
if machice <yindle axic ic nel onder vontro] of lape. Brings machine
head 1o specitied <an point 1n depressing job buttons and alining coller
viszally or with uce of fecler or dial gages. Tums angd depresses switches
10 initiate machining Teds unpreven tape by operaling machine in
block-stop mode and in<perting cach sucoessive eul with scale. gage or
micrometer. Compares meastrement~ with data on Llueprints. sketckes
and manuscripl. 1o verify accuracy of pant program. Repositions work-
jiece during programed machine <ops when secondary selups are spec-
ified on operator's manuscripl. Removes and replaces workpiece a1 end
of machining cvdes. Tumns scelector switch to permit machining subse-
quent paris »f production run under full-automatic tape contro} ssithout
operator iatervention. Moniters culling action and positioning and se-
auence number display light=. to delert errors swhile machine is operaling
under ‘ull-automaltic control.

May 1es2t machine zeros on table by jogging mmachine hiead to nesww posi-
tion with manual switches. and depressing reset button. in order to repeat
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a taped machining patters in ancther loration. May be required 10 apply
independent judzment a:d knusledge of metalcutting practices. to over-
ride tape contzalled machine muvements, feeds und speeds. in order 1o
compensate for variations in workpiece size and hardnecs. May presel. or
rezdjust prese 1o0ling off the machine to shecified lenzth and diameter.
by use of preci<ion preselting gages. S1ups machine when oprrating difh-
culties or malfunciions occur. notifie: cupervicor. and explairs problem.
Deliurrs and spot-checks machined parts while machine is wporating
under tape control. 10 reduce machine downtime. Occasionally operates
machine in semi-automatic mode by sctting selector switch and mnanuaiiy
dialing in data frem sritten or oral instruclions. o make minoer changes
in a standard part and climinate need for new tape. 3fay operate two or
more machines simultancously shen using proven tapes. May be desiz-
nated according to name of manufacturer or trademark of machine tool

operated.

MACHINING CENTER
OFERATOR, HORIZONTAL

Performs eszentially the same duties as MACHINING CENTER
OPERATOR, VERTICAL, except that machine spindle or spindles
are horizontal. numerical control of at least three axes of position-
ingz is cuslomary. control svstem is more likely to include profile-
and-centour milling capabilities. and configuration and character-
istics of machine often permit loading of larger workpieces and
higher metal-removal rates than possible on the majority of
vertical-spindle machines. Normally. all tooling is preset and all
fixturing is specified in detail. Twin tables or pallet-shuttle trans-
fer devices frequently are integrated into the machine-and-control
system: where this is not the case. the operator sets up workpieces
off the machine (on fixture plates) during automatic-machining
c¥cles whenever feasible. 1o reduce changeover time. Horizonial
machining centers almost universally incorporate automatic-tool-
changing magazines and tool-transfer mechanisms, to take full
advantage of inherent machine productivity.

EDUCATION, TRAINING, A=D EXPERIENCE

High school or vocational scliool graduate preferred. with courses in
machine tool cneration and blueprint reading. Some emplovers express
a preference for entrants with extensive high schocl hackground in mathe-
matics—the new math—and mechanical drawing because they feel these
are evidence of good mechanical aptitude as well as predictors of later
job success. Tiie ability to speak. read and write English is essential, to
follmw written instru tions on the operations sheets for each job uatil he
unde.stands it thorow :hly. and to explain operating difficulties.

Training varies widely, hoth in nature and amount of time devoted to it.
Many employers prefer to let the trainee operator learn by doing. work-
ing as an understudy of anoiher operator for one to four or more weeks.
During this informal training, lie acquires the ability 10 read tape. and
learns machine and control functions. Afier this. he takes over as machine
operator. though with assistance available when he needs it. For the first
three to six months operating difficulties are litely to be frequen:.

Other employers have set up formal training programs. Usually these
start with numerical control orientation classes, then <hift to group or
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individual instruction on the machine ard control system to be used. In
ke lalter phase. training usvally is organized around the operations
manual that afl manufacturers make available. Toward the end of his
training. he may prepare one or several simple part programs. Not until
then does ke retumn 1o the shop for training through actually operalting
the machine. Formal training such as this is expensive and lengthly—
one 10 three .gonths is cemmon—but has values that may not .be readily
apparent. The operator is likely 10 be more productive and make less
scrap. He is better able to 1ake remedial actjon when somelhing goes
wronz. and describe operating difficuities 10 pant programing. mainte-
nance and suparvisory personnel. He tends to have more confidence in
the part programer and thus is less likely to shut down his machine or
trim his controls unneceszarily. Too. such trainicg also is a means for
discovering unexpected promotional potential of shop srorkers.

Six months 1o one vear or more previous job-ren industrial experience
on conventional machine 100ls is a common requirement. Setup and op-
eration of a radial drill press is regarded as particularly suitable. because
normally operators of these machine are exposed to a variety of ma-
chining problems. on short run work. Sometimes. extensive experience—
several years, or even journeymen machinist status—is required. Often.
this is because zn emplover is just beginning 10 use numerical control.
and feels this is the best sway to justify the new. expensive machine. But
industry is realizing that such workers. panticularly if they are capable
of organizing their work procedures for conventional machines. are likely
20 become bored and inattentive when operating numerically controlled
machines. Thus, there is a danger in assigning an over-qualified worker—
unless theze is a mutual understanding that he will become a part pro-
gramer and machine operating is cnly part of his training program.

As more and more machines are installed. emplovers are increasingly
training entry workers in the operation of numerically controlled machine
tools orly. with no exnosure 1o conventional machines. Where this is done,
management usvally assigns the worker first to its smallest machine
(frequently a light-duty 1ape drill), and then transfers lim to more com-
plex, or at least more expensive. machines, on which he can continue 1o
develop his work experience.

WORKER TRAITS
Aptitudes:

Verbal ability to understand writter setup and operating instruc-
tions and to communicate with supervisor about machining prob-
lems; terminology on operations sheets frequently is abbreviated
and highly conventionalized.

Numerical ability at level of decimal arithmetic to verify perform-
ance of machine-and-control system during machining of first piece
of run when using unprev-.: tapes, and to spot-inspect subsequent
workpieces by using micrometers and- gages. While not always a
requirement, mathematics at level of binary arithmetic is very
desirable to discuss onerating problems. and to read tape in order
to select valid points after non-programed machine stops and thus
hold machine downtime to a minimuin.

Spatial ability to visualize positioning and alinement of work-
pieces and fixturing from sketches and drawings.

Clerical perception to perceive pertinent detail in written setup
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ard operatiinsskeet instruetivns, and in visnal-display data panels.
Manual dexterily 10 use insreciun devices and handiools.

interesis:

A preference for activities aoncerned with machines, processes and
techniques to operale and moniter metalcolting machining sys
tem.

Interest in activities of a concrele and orzanized nalure to operaie
machine ool accerding o detatled. sovjuential instruclions.

Temperaments:

Must adjust 10 a variely of tasks. and divide aneation bhelween
own work tasks and monitering of machine when in full-2utomatic
operation. 1o make possible maximum operater and machine
productivity.

Must adjust to adhering closely to established standards and pro-
cedures specified in wrillen instructions. drawings. and skeiches.

Physical Demands and
Working Conditions:

Work is medium. involving continuous standing. and frequent
walking within machine area. Manuallv lifts and positions lighter
fixturing and workpieces. seldom exceeding 20 pounds. 10 avoid
delays caused by use of jib crane or hoist. Workpace frequently
must be rapid when using proven tapes to prevent non-programed
machine shutdswns.

Reaches. handles and finigers 0 set up and take down work. adjust
machine controls. direct flow of coolant. remove chip build-up
with air hose. and verify machining accuracies by use of inspec-
tion devices or instruments.

Normal and near visual acuity. and occasional accommodation. to
interpret data on drawings and operations sheels, monitor ma-
chining processes. and observe visual data-display devices of con-
trol system.

Work is performed inside.

MILLING MACHINE
OPERATOR,
NUMERICAL CONTROL

605.380
OCCUPATIONAL DEFINITION

Sets up and operates multi-axis numerically controiled milling machine
by foilowing written instruciions. blueprints and setup sketches and
applying knowledge of machining practices. to machine metallic and
nonmetzllic workpicces: Reads operator’s manuscript and studies setup
cketch. tool charts and part drawings to interpret detailed setup and
operating specifications for each job. Signals crane operator or operates
crane and hoist to locate and aline parts and fixturing. Levels workpiece
with shims. and tightens in place with wrenches. Flaces perforated or
magnetic tape in control console and threads through read-head. Sets
machine and control dials and switches by followinz instructions on
aperations sheets. Inserts precision indicator in machine spindle. and

51

g .




52

depresses switches 10 10z into contact with target point on workpiece or
fixture. synchzenize tape and too). and record selup point. Retracts spin-
dle. and loads and <ecures first preset 100l and holder. Initiates tame-con-
trolled machininz and monitors metal-cutting performance. Compares
numerical data displays with specifications on operations sheels. and
uses scales. gages and micrometers during programed inspection stops. to
verify machining operations. Removes and replaces tooling when worn
or damazed. and when next tool is specified on manuscripl.

Assembles and presets tooling at bench during tape-controlled machining
cvcles. by use of preseiting gages. 10 reduce machine downtime. Re.
adjusts tools or trims controls hefore initiziing finish culs. 10 compen-
<ate for factors such as workpiere variation and tool deflection. Over-
rides programed feedrates and speeds by applying knowledge of ma-
chining practices. or shuts down machine. explains problem and re-
quesis override authorization. Notifies supervicor and describes operating
difficulties in all cases of obvious part program error. and machine or
control malfunction. Repositions workpiece for intermediate setups when
specified on operations sheets. and removes and repiaces at end of ma-
chining cycles. Studies job packet and organizes materials for next job
during tape-controlled machining cveles. to reduce changeover time.
Occasionally replaces milling with drilling and boring tools at specified
change points. to reduce or climinate need for subsequent machining of
workpiece on other machine tool. Occasionally operates machine in
dial-in or manual mode 10 add or modify functions programed on stand-
ard-part 1ape.

May operate machine in test mode and inspect each machining cut when
verifying unproven tape and program manuscript on first workpiece. May
aperate machine on preliminary dry run hefore machinjng first part. by
visually observing for gress errors. or plotting two-dimensional move-
ment with recording stvles. May test-machine first picce of rigid. ex-
panded-foam plastic. or lew-cost metal, when workpiece cost is high. May.
be designated according to make. trademark. or configuration of machine,
characteristics of control svstem. or type of product. a« Contour Path
Tape-Mill Operator; Planer-Type Milling Machine Operator. Numerical
Control; Profile Mill Operator. Tape Control: Tape Control Skin Mill
Operator: Tape Control Spar Mill Operator; Tape Keller Operator;
Variax Operator.

EDUCATION, TRAINING, AND EXPERIENCE

High school or vocational school zraduation increasingly required of
entry workers. with courses in ‘machine shop. mechanical drafting or
blueprint reading. and shop mathematics. Two to two and ane-half years
of progressive. short-run shop work. starting with drilling and horingz.
then specializing in milling operations. is regarded Ly many employers
as adequate preliminary experience.

Other empleyers prefer to assign journeymen with extensive experience
on conventional manual and/or duplicator-type milling machines. This is
partly due to high costs of the machine-and-control system, and equip-
ment downtime. However. use of these machines for jobs =uch as milling
aircraft skin sections with integral stiffening structures from the solid,
and for complex nrofle and contour milling that was formerly possible
only in the tool room (when pessible at ally. tend to justify assignment
of well-experienced operators.
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It is possible that experience requirements may be relaxed as numerni-
cally controlled milling machines gain greater acceplance outside the
aircrafi. aerospace and ordnance industries. Trends toward belter tape
and process manuscript verification prior to release. tighter raw-workpiece
quality control. and tocl presciting by specialists are’other factors that
may reduce cxperience requiremems for operators of numcrically
controlled milling machines.

One to three months or more are required hefore the worker achieves
avcrage proficiency on one inake and type of milling machine and control
svstem. after starling a< an understudy to an experienced operator. If the
worker has taken numerical control orieaiation coiirses and has operated
another type of numerically controlled machine. training time can be
reduced by approximately one-half. Six months to one vear of additional
experience may be required besore the operator is permitted to machine
a workpiece using an unproven control tape.

WORKER TRAITS

Aptitudes:
Verbal ability to comprehend written sctup and operating instruc-
tions, describe operating difficulties and sequences of events
preceding machine malfunctions and stoppages.

Numercial ability at level of decimal computations to verify
machine performance, use micrometers and gages. and perion
scratchpad computations. While not alwavs a requirement. ability
at level of binarv mathematics is desirable to reduce tage-rezd
problems and more rapidly comprehend functions of numerical
control system during on-the-job training.

Spatial ability to visualize configuration of machined paris from
drawings, and position and alinc fixturing and workpieces from
setup sketches and written instructions.

Clerical perception to perceive detail in manuscripts. charts, prints,
sketches, and data displays.

Motor coordination and manual dexterity 1o use handtools. inspec-
tion instruments and tool setting gages. and make rapid corrective
adjustments of switches on portable and fixed control panels in
response to visual indications of machining discrepancies.

interests:
An interest in activities concerned with machines, proceszes. and
techniques to set up and monitor performance of tape-controiicd
machine tool. Preference for activities of a concrete and organizes
rature to operate machine according to s.cll-defined¢ sequentizl
instructions.

Temperamenis:
Must adjust to a variety of task~. and divide attentior Leiween
moni:oring of machine performance and other work dufi:-. to
hold machine downtime to a minimum.
Must adjust to adhering to precise, estabjished =tandards indicated
v cetailed written specifications. blueprints. and setup sketches.
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Physical Drmands and
Working Conditions:

Work is medium. involving infrequent stooping or bending. and
occasional climbing of steps or short ladder (on larger machine)
during setup and monitering of machining processes. Manually
lifis anc handles handiools and tooling. seldom exceeding 25
pounds: may use jib crane and hoist for lifting and positioning
heavier objects. Portable control pancls, and the provision of a
centralized work station that frequently is equipped sith remote
viewers. tend to reduce physical requirements subsequent to
workpiece setup.

Reaches, handles. and fingers to set up and take down ssork. adjust
machine controls, redirect flow or spray of coolants, remove
accumulations of chips. and verify machining accuracy with
inspection devices and instruments.

Normal and near visual acuity. and occasional visual accommoda-
tion. 1o followw operations sheets. directly monitor machine per-
formance. and observe visual data-display devices.

Work is performed inside.

PART PROGRAMER,
NUMERICAL CONTROL. 1}

007187

continuous-path part programer; contour part programer. numerical
control: contour-path part_ programer; programer, numerical control

OCCUPATIONAL DEFINITION

Writes part programs in computer-processable language to define setup.
tooling and operation of contiruous-path and multi-axis point-to-point
numerically controlled machine tools such as profiling and die-sinking
milling machines, by appiying knowledge of mathematics, machining
metheds and practices, and familiarity with specialized part-programing
languages: Studies drawings. sketches. and conventional or mathematical-
analytical design data, to comprchend intent of designers, visualize
workpiece, and define fixturing and processing requirements on machines
with as many as five axes of motion cf each spindle under coordinated
numerical control. Writes series of symbolic and numeric statements
that describe workpiece in form such as series of geometric regions and
beundaries, and that define clearance planes, machining modes, tolerance
limits, type. radius, coding, initial position, feedrate and direction of
movement of cutting tools. and coolant use.

Develops tool path sketches :o plan machining procedures and assure
collision-free clearance planes for cutting tools. Uses desk calculator
with square-root generator. or input-output termisal to remote computer,
in order to simplify computational tasks. Prepares sketches and specifica-
tions for tooking, fixturing, and machine setup and operation. Routes
part programs for computer processing and preparation of written print-
outs, plots, and magnetic or paper cortrol tapes used to control machine
tool. Compares computer printonts to original manvscript, and design
data and drawings. to identify and correct part programing and process-
ing errors before release for tooling and manufacturing. Reads trade
literature to keep informed on improvements in eguipment, and process-
ing and manufacturing techniques.




Way confer with desizn persemzell appling speialized knowledze of
maekining complex werkdizpes bn pz=erical eermim), to deterxize
grodue moebinalifly, and suzmest choozes in desizn a=d drafiisgz proc-
tices tu reduor ime and oot of part programing cumptier Prooessing,
ard numerical machiving Mar wpersle. or raiew ouipzl of auplomalic .
drafting ond digitking mochines. to reduce compriztional efforis of
part pregzraming. or serify accurcey of workgiece prefles and paths of
culter oenter-lizes. Yiay ehserse tes1 omzclining of Sra plece with on-
[onen t2pe. to assure sdequzey of pant prezrzm. May develop or relze
time zrd rost dota as a brpredoa of jan progzrzm. 12 eliminate
duplicstion of efont by indusirial engineering depariment.

May organize raining mzlesials a=d inslroel in pant programing ard

eperation of numsricalls «ontrolled rozchise tools. May prepare parnt

programs for manual processing when process manuserint is short znd .
relatively simple to prepare. or if numerical mzchine control is capable :
of circular ¢r parabolic inlerpolation. May origirzie or modify compuler \
prozrams ard voulizes that simplify pant pregraming May be Jdesiznated '
by emplover zccording 1o 1vpe or zroup of mzchine teols for which

preparing part programs, such 2 * 2ircraft <kin and spar milling machines.

or by trademark of mackine. « nirol. or programing languags for waich

part progzrams are prepared. .

EDUCATION, TRAINING, AND EXPERIENCE

Hizh school graduation, with zdvanced matkematical preparation and
courses in szechanics] drawing, is the usual minimum requirement. Many
employers further reguire two years or more of post high school educa-
tion in a technical school or engineering college. Experience of oze to
two years in areas of process planning and foo! design for conventional
machine tools is commonly required, because much iraining in part
programing assumes this background, as well as knowiedze ¢f machine
shop practices and metal-culting procedures.

Intensive training courses in contour-path and multi-axis strajght-ent
and point-to-point part programing, eriented toward perrsons with the
above background, rarely =xceed two to three weeks in duration. These
courses usually are directed towar2 one make ¢r type of machine and
control, or part programing language. Close supervision and guidance
by experienced part programers for the next three months is nsually
necessary. One yesr of experience is required to zchieve adequate
productivity and versatility, and meet high standards of accuracy.

As with many relatively new occupations. employer reguirements have

varied widely. At first, higher mathematics seemed to be a “must.” As

emplovers gained experience with complex numerical mzchining, they

assigned workers with mathematical training only through high scheoi

trigonometry to continuous-patly part programing. This did not prove

to be satisfactory, except where the size of the installation permitted

ich breakdown, with these workers being given only the simpler assizn-

- ments while they continued their educatior in matliematics on a part-

time basic. Now. however, selection factors are becoming more standard- !
ized. Mathematical preparation at the level of analytic geometsy. vector -
analysis, and matrix algebra, is regarded as very desirable. if not! 5
necessary. \

The increasing capabilities—and availability—of digital computers do g :(

not reduce the need for mathematical preparation. Computers, and the 55




ircecsingly Englishliks inprt Zanzuere with wl3ch ther zre =ddressed,
oaly relieve workers of mzch tedions, mznuaj comprizlicn. Compoler
programs for yan program processizg are becort=x :.;crms’.:zg!y Lexille
zzd powerful These fo-tors make zdvaneed muthemzlics even more
cecessary than before, becauss the pant prezramer rmore fregrently can
select fzom 2n a2rray of alterpatives in preparing mattemetical reomelric
descripfons of complex workoiece sorizces.

In installetions where past prezramers perform zdditoral duties of
comprler programing, such 2s riccifeztion of comupuler post provessors
to zdapl to rew mackine too) capabilities. zddi:ianal bzckerornd reqguire-
ments of an engizeering ard «Zentific programer normally are appted.
TEese inclede training for workers 1o bccum’ familiar with 2t ezl cne
class or ivpe of digital computer. and with one or more ~omputer

programing languazes.
WORKER TRAITS

Apfitudes:

Verbal ability to leamn specialized. symbolic part programing
languazes, discuss problets of interpretztion 2nd ma<hi=ability
with personzel in design 2nd methods enginsering, and prepare
wrillen instruciions for workers in areas of tooling, fixturing, ard
machine setup and operation.

Numerical ability a1 level of trigonometry, analytic geomelry and
calculus to comprehend functions of numerice] control szrs(em
znd prepare part prozrams. 3lsthematics 2t level of vector auaivsis
required to select from alternative part programmg metbods, and
zchieve optimum Halanze of part programing, compuler process-
’ng, and machining time.

Spatial ability to sisuaiize workpiece Irom engineering drawings
and define as series of geometric surfaces, plan machining <e-
qrences and zvoid tool collisicns, and procedure tooling, fixtur-
ing, and setup sketckes.

Form perception e see pertinent details, and distinguish symbols
on =ngineering mechanical drawings and skeickes.

Clerical perception 19 identify nambers, Jetters and s;mbols and
learn and retain English- like words that may number in the
hund-eds for a single part programing language.

Interesis:

A preference for activities that are technical in nature to use
mathernatics to convert design data and drawings into format
that permits numerical machining.

Ta2mperaments:

Must adjust to a variety of activities such as resolving questions
of desiga intent, determining suitability and avaiiability of stand-
ardized rooling and fixturing, analyzing alternative part program-
ing methods and machining sequences. and reviewing computer
output during the course of a single assignment.

Must adjust to making decisions on a judgmental basis when
using past experience to select best part programing techniques
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z=d seguesce of machining cxcles 2=d thercby save time 2=d coxt
of Invostizzting 2llernztive rmetkods.

Must zdjust to conforming to 2coepled stamdards in recording
processing slztemserts in specialized pan programing lenguage.
in zdkering to Qandardized pomerclature wken preparing setup
inctroctions for operztors, zzd i cemplying with established
rzchine feedrate znd speed convenlioms.

Physical Demands and
Working Conditions:

Work is sedentary, regquiring occasional lifting 2=d camying of
hardbosks zrd manuals seidom exceeding Hve pounds

Freqrently hacdles pencils, reference t2bles. and code skheels 2o
identify 2rd recerd mackize commands and other data on process
manuscIipls.

Near wvisual zeuity 2nd zecommodztion to analsze mechanical
drawings 2zd select 2nd post 2lphabesical, numerical, or special
ssibols in correct sequence or location on work skeets

Work is perfosed inside.

PART PROGRAMER,
NUMERICAL CONTROL 11

007487
poinl-1o-noint =nd straizhl-cut pan programer; process planner, numerical
couizol; programer, pumerical control

OCCCUPATIONAL DEFINITION

Writes pari programs defining selup, tooling, and pature und sequence
of numerically contrelied machine 100l operations. 10 machine parts as
specified on engineering drawings and skeiches, by applying knowledze
of machining practices and <hop methods: Studies design data and draw-
ings to determine intent of desigrner, and visualize workpiece confizuration
and setup location and orientation on machine tool. Designates base point
for machining when not specified. by applyving knowledze of numerical
machining practices. Converts dimens<ional data on drawings to base point
reference, by using mzthematics at levels of arithmelic. geometry, ard
trizonomelry, when conventional rather than cartesian-coordinate draiting
practices are used by workpiece designers. Tlans sequence and nature
of machining procedures utilizing familiarity with capabilities and limi-
tations of specific numerically controlled machine 100l such as horizontal
boring and milling machine or vertical turret lathe, and krowledge of
shop practices and physical properties of malerials. Writes detailed,
sequential statement of machine commands and operator instructions.
using specialized language, symbels and (usually) planning sheets, 10
specify location and orientation of workpiece and fixturing. and other
factors such as tool path and dimensional tolerance data, feedrates and
speeds. size and type of culting tools. movements of machine table, and
programed machine stops for inspection or tool changes. Uses desk cal-
culator with squareroot generator, or inpul-output terminal 1o remote
computer, in order to simplify computational tasks. Develops tool path
sketches 1o plan milling procedures and assure clearances when part is
machined. Prepares tooling and fixturing skeichss and specifications.
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DeSmes informativn ceeds of vperatur, z=d prejares separcte. 24 revizted
uperalor manuseripl, wken detziled process skeets are not sed oa mackine
Eocr.

Reviews completed process manuseripts propzred by selll or cross
cLecks those of wibers. 10 2eteat aud correit erors. Rontes process skeets
1o compuler center or clerical pocl fur prepairtien of computer-print=d
or typed copy, 2nd paper ur magzrelic tape used to coziro! mechine touvl
Reiens rauized cupy. azd crose.erifes with orizinal. in final efunt to
delect and correct part pregraming and processing errors before release
to manvfzcturing group. Rezds trode Eterciure to keep inforrmed on
improvements in equipsent. and processing ard manufaduring techniques.

May obsenve machiniag of firal part with unpramen tape wken numerical
contre] indallation s pew and personnel relativels inexperienced. or
wken wnusual ma-bining problems are antidipsted. May confer with
desizn personrel. applsing specialized keowledze of numerical control
to determine produet machinalility, and suggest changes in desizn and
drafting praciices. May develop or refine time and cost data as by-produa
of pant prozram. 1o eliminate dujlicuion of ¢Fust by industrial engineer-
ing department. May wrganize training materials and indruct in parn
programing and operation of numerically cuntrolled machine tools. May
originnie or modify compuler programs and roulines thet simplify pan
programing. May specialize in part programing for single make. type,
or group of related machine tovls. or in specific pant programing languagze
and formal, and be designated zccordingly.

EDUCATION, TRAINING, AND EXFERIENCE

Minimum requirement usually is hizh sckool or vocational school gradu-
ation. Experience of one 10 iwo years, or more, as selup-operator of
machine i60ls on short runs that expose worker 1o diversity of machining
problems, is a frequent additional prerequisite. Some emplovers prefer 1o
temporarily assizn workers selected as pzrt pregramers to positions as
rate selters and routess for conventional machine 00ls for six months to
one year, to gain added background in company standards. methods, and
manufacturing problems. Graduates of two-year mechanical technology
courses frequently are selected in preference to fully experienced opera-
tors or machinists, though sometimes this is because their academic
training s more recent. A few employers who have had several vears
of experience in personnel selection for numerical control stated they
regard successful completion of courses in tool desizgn as the most effective
predictor of probable success as a part programer. Formal. intensive
classroom training in pant programing for a single type of machine and
control system rarely exceeds one to two weeks. but approximately one
vear of experience is required to achieve average productivity and meet
stringent standards of accuracy.

Sometimes, workers without any machine shop or related background are
selected on the basis of achievement in advanced mathematics (which is
regarded as evidence of adequate aptitudes for part programing, such as
spatial perception) ; almost invariably, these workers are assigned rela-
tively simple part programing tasks for the least complex macliinc tools
for three to six months or more. Where this technique of job breakdown
is applied, the worker often has to spend about three months in the -Lup
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(v T rime g Wper ralses - we . a bookgrovnd in skop preciices

buooore = eRiing rrad s in, and sz sing work as a pant pregramer.

Ju indallsiens wil "¢ pari 5§ _samers perfurm zdditional duties of
comprler programing. + . h . modifcalion of compuler post processors
to zdagt to rew mackine 1o0] capabilittes, odditivnal backgronnd require-
ments of an engireering and sciertific programer nommally are applied.
These izclzde training fur workers tv become fomiliar with at least ore
class or tspe of digilz]l comypuler, and with one or more ccripuler
programing lanmiages.

WORKER TRAITS
Aptitudes:

Verbal alility to cunfer with engineering arnd operaling persenzel
about difculties in Jdesizn inlerprelation. pant programing and
mechining, and 20 wrile concise, unambigrous instrections for
wmochine operator.

Numerical ability at level of sk-p arfthmetic, geomelry and triz-
onomelry 10 wrile part programs; and non-decimal arithmelic and
Boolean algebra 1o compretezd functions of numerical control
system. and rezd perforated machine conirol tapes and binary
machine display lights. Matkematics a1 level of analyiic geomelry
can be recessary wken product mix of oiganization includes
sophisticated work shapes.

Spatial ability 20 visualize raw ard finished part from engireering
drawings and sketches. avoid tool collisions, envision detailed
sequence of machining cycles that will produce part most efi-
ciently, and produce tool lay-up and setup sketches.

Form perczplion to see pertinent details, and distinguish symbols
on drawings and sketches.

Clerical perception to identify, recerd and verify numbers, letters,
words and special symbols that make up machine commands of
part programing Jangrage.

Interests:

A preference ior activities of a tecknical nature to cope with wide
range of processing problems, and keep abreast of rapid changes
in techniques of part programing.

Temperaments:

Must adjust to situations requiring the muking of decisions on a
judgzmental basis, using past experience and knowledge to select
best sequence of machining cycles without timing out alternative
methods, and incorporate portions of previously prepared part
programs to reduce time nd cost of preparing manuscripts.

Must adjust to situations requiring the making of decisions on a
factual basiz, as when assigning feedrates and speeds previously
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fourd tu provide optimum balarce of soch factors as zocuracies
ard surfzce firiskss, machining timme, arnd ool life.

Physical De:mands and
Wo:king Conditions:

Work is sedentary. requiring occuskonal lifting and canrving of

hardbooks ard manuals seldom exceeding fve pounds.

Frequently bandles pencils. reference 1ables, and code skeets to
identify. axd recurd machize commands and otker data on process
manuscripis.

Near visual zewity 2nd accommodation 1o analyze mechanical
drawings and ~eiect and podt alphabelical. numerical. or special
symbols in cerrect seguence or localion on work sheets

Work is performed inzide.

TOOL PRESETTER,
NUMERICAL CONTROL

6C0.384
001 presetter; toc] selup man. numerical control

OCCUPATICNAL DEFINITION

Assembles and presels cuiting tools zt focalion away from machining
area prier to jub runs, by following wrilten insiruclions, charts. and
tooling skelches, and using preselting blocks. gages and instruments. 1o
reduce selup time of operators: Studies tooling sketches and scans process
manuscHpls or operalor imsiructions 1o delermine toolingz requirements.
Selects from inventory and manually 2ssembles specified 1o6ls, tooi-holders
and adanlers, extensions. and iool coding rings and rpacers. Sets lengzth
and “diameler of such tools as boring bars, within presciibed 1olerauces,
by wvse of such devices as toolblocks with &3zl gages. and instruments
such as comparator-iype oplical. and opiical-electronic precision pre-
seiting machines. Inspecis and substiiules cther cutting tools for those
that are wom or chipped. Manually stamps codinz keys, used on some
automalic-too)-changing machines to identify specific tools, by relerring
20 manuscript and master 109)ing charis. and turning diajs and Cepressing
lever on manual key punching device. Astaches keys i6 preset tosls.
Arranges 2l toclinz for each job. and places in tool cart or icle pan
with accompanying packet of written data. and program tape, for routing
to machine floor.

May use bench-mounted <imulators that duplicate machine components
such as turret heads, to simplify 200l presetting and verify culting ool
clearances. May preset tools for conventional (non-numerical control)
machine tools. May keep inventory and disbursement records, and prepare
requisition forms. May operate grinding machine to sharpen metal-cutting
tools.

EDUCATION, TRAINING, AND EXPERIENCE

Graduation from a high school or vecational school with courses in
machine shop practices and procedures is the usual educational require-
mcnt when hiring entry workers. Some cmplovers regard successful




cumplelion of school rourses in mechanical drawing as evidence of
zdequate mechanical ard ciker artitzdes for this. as well as many otker
skop jobs. Ability—ard willingress—io read ard follow detailed instrie-
iions exzcily, are essential 20 adequate job performance. Training time
varies widely, because of varving backeround of workers selected for
training. and range of complexily of preselting in<truments in use.

Some backsronnd in use of iInspection inslruments is regzarded as
particular]y desirable: many tool preselling gazes and indtrumenis are
zdaplations of convantional inspeciion devices 10 meet the mew purpese.
ratker than completely new indtruments. Thus persons with experience
in skop inspection. or in checking cut their ¢wn work as machine hands,
cormally require less extensive training 10 becoome competent in tool
preseliing.

WORKER TRAITS

Aptitludes:
Verkal ability to read wrilten and oral instructions. and abbreviz-
tions. and to «~mmunicate with supervisor about problems, such
as lack of specified tooling and need 10 mmprovise from other
components.

Tool Presetter
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Aumerical ability at level of decimal anithmetic to comprekend
presefting instructions. interpret scales ard gages. and code touling
for numerically controlled autematictes)whanzing mackine tools.

Spatial ability to visualize components and assembled. compoesite
tooling from tvol layup sketckes and wrilten specifications.

Clerical percepiion 10 pole periinent dotail in printed and written
mmstrections, and to compare visual indicalions of teoling dimen-
sions with original data. in order to detect errors.

Motor ooordinatien and manual and finger dexterily 10 assemble,
and preset tooling accuralely with uvse of gages and preselting
instruments. Must work rapidly to adhere 1o sckedules, to permit
minimum tooling inventury and preven! unrecessary machine
downlime.

Interests:

An interest in aciivities concerned with machines. processes and
techniques to use a2 wide range of 100l preseiting zages and instru-
menls.

A preference for activities of a routine and organized nature to
iollow detailed tool layup instructions.

Temperamenis:

Must adjust to working within prescribed tolerances, with zero-
error standards of performance applicable; an error can cause
scrapping of workpiece, damage to fixture or machine tool, or even
severe injury to a machine tool operator.

Physical Demands and

Working Conditions:
Work is Tight, lifting tooling and manually positioning and assem-
bling culting tools, holders and extensions, seldom weighing more
than 20 pounds. Has helper, or uses hand hoist or job crane, when
handling heavy, oversize tooling.

M

L el

Walks intermittent]y within work station which may be in central
toolroom, tool crib. or area adjacent to numerically rontrolled
machine tools. 10 select and organize tooling components.

o

Reaching, handling. fingering and feeling, to work with precision
¢ ages and controls of presetting machines.

Near visual acuity and accommodation, to read manuscripts, charts.
and sketches, and use gages and presetting instruments.

Work 15 performed inside.

VERTICAL TURRET LATHE
OPERATOR,
NUMERITAL CONTROL

i 602.382

62 vertical boring mill operator. numerical control




OCCUPATIONAL DEFINITION

Sets up and operates numerically controlled verical turret latkes, ic
Lore. turn, and face complex workpieces: Sudies process sheels. blue-
prinis. and tooling specifications and charts 10 delermine sequence of
operations. organize work activities, and set machine controls. Attachss
chucks cr blocks 1o macline table, or attaches fixtures as specified on
r iructions. by use of wrenches. Signals crane operator aad jnstructs
czzne heijers. or uses hoist 15 position large-dizmeter workpiece, and
shims unitil Jevel. Secures workpiece to fixtures and mackine *able by
using wrenches. Reads micrometer dials ard uses Allen wrenches to
set tool stops at positions specifed on selup instructions. loads and
factens preset tooling in turret and ram heads on creserail and sideheads,
Inserts tape in read unit, and turns and depresses siwit~hes to bring head
into position. sets machine zero point and initiates first cuL

Inspects each cut of first workpiece, using micrometers and gages, and
applies knowledge of machining practices to compensate for such factors
as tool deflection, misalignment and wear on succeeding pieces, by turning
tool offset dials on control console. Repeats cut, by depressing repeat
button, to attain specified dimensions. Removes and replaces workpieces
at end of machining cycles. Monitors full-automatic operation of machine
on subsequent workpieces of production run, -4 adjusts conirols such
as feedrate and tool offset dials in order to compensate for workpiece
hardness and zize variation. Notifies foreman of operation difficulties,
of any aciion taken to overxide tape, and reason for overriding. Assembles”
tools, holders and extensions for next job, presets tooling off machine,
on tool setting gage, and spot-inspects and deburrs paris while machine
operates automatically, in order to reduce machine downtime.

May keep written records of operating and downtime, and of changes
in machine and tool seiiings required to produce parts satisfactorily.
May operate machine on dry run before machining first piece with
unproven tape, by comparing machine moves to manuscript and console
display data, in order to detect gross positioning errors in part program.
May operate machine manually by methods similar to conventional ma-
chine operation, to incorporate changes in standard-part tape, or when
part program and tape have not been prepared.

EDUCATION, TRAINING, AND EXPERIENCE

High school or vocational school graduate preferred, with courses in
the machine trades. Becauss of machine and workpiece size and com-
plexity,! many employers require trainees to have had one to two years

2 Vertical turret lathe and boring mill workpieces normally are large and
complex. They can be awkward to handie, and to set tooling for, because
of irregular shape or overhangs. Because of this. or the way the job
must be run because of machine design, the operator sometimes has to
exercise considerable ingenuity in inspecting his workpieces. A considerable
variation in workpiece size—and hardness—is typical of parts to be pro-
duced on these mackines” Thus, many employers prefer to assign operators
with extensive training and experience on conventional machines so they
can better recognize potential machining problems. Often, these men are
given full autbority to override the tape. Some positioning-type machines
have as many as fifty trimmings potentiometers {trim-pots} that are used
to compensate for such factors as tool wear, deflection and misatignment
on repeat operations.
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Vertical Turret Lathe

or more of an-the-job, shori-run work experience on other conventional
machine tools, including radiai drill presses and/or horizontal boring
machines. Sume employers require completion of machinist apprenticeship
or equivalent in experience, because of machine versatility, and wide
range of machining problems that are encountered when performirg
multiple and often simultaneous operations on large-diameter workpieces.
Extensive shop background is regarded as especially necessary when the
operator is required 5 do considerable prototype machining, and when
-he operates machine-and-control systems capable of contouring, or
threading and taper tu-ning.

WORKER TRAITS
Aptitudes:

Verbal ability to comprehend written setup and operating instruc-
tions, and explain operating problems and malfunctions to foreman,
maintenance and part programing personnel.

Numerical ability at level of arithmetic, to add and subtract
decimals in order to inspect parts—scratchpad computations are
necessary when indirect measurements have to be taken. Division
of decimals by two is required to set dial-type trimming potenti-
ometers accurately. While not always a requirement, an under-
standing of binary mathematics is almost necessary to understand
how the numerical control system operates, explain operating diffi-
culties, and interpret binary-coded-decimal tape commands. This
can be learned on the job, however, and :nost operators keep a
conversion chart in their machine area, so it is available for ready
reference, to identify tape feeds, speeds, and position commands.




Spatial ability to interpret tool layup drawings, ard part blueprinis
and skeickes.

Clerical perception 1o perceive periinent deizil in wrilten selup
ard operating instructions, and recognize alphabetic and pumeric

symbols.
Afanuzl desterily to use inspeciion and tool selting instruments,
and kandtools.

Inferesis:

A preference for working with machines and processes 1o set up,
operate, and moniter the equipment that comprises the machize-
and-control system.

Interest in activities of a concrete and organized nature to operate
machine according to specific, detailed, and sequential instruclions.

Te.nperamenis:

Must adyust to 2 variety of tasks requiring frequent change during
time machine is operating under iape control, 1o hold machine
downtime for inspection checks and change-overs to 2 minimum.
Afust have disposition to follow, without deviation, written instruc-
tions, charts, and tooling sketches, that not only describe his work
activities but often prescribe the sequence in which they must be
performed.

Physical Demands and
working Conditions:

Strength reguirement is medium, involving infrequent stooping or
crouching when setting up and inspecting workpiece. Lifts, inserts
and secures cutting tools, clamps, and risers seldom exceeding

30 pounds.
Stands and walks frequently when monitoring machine.

Near visual acuity and accommodation to follow detailed process
manuscript, monitor machine performance, and interpret lights and
sequence number displays on control console.

Work is performed inside.
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DEFINITIONS OF
WORKER TRAITS

APTETUDES: Specific capacties and abilitfes required of an individual
in order to leam or perform zdeguztely a task or job duty.

INTELLICENCE: General Izamning ability. Tke 2bility 20 “eatch
on” or understard instriclions znd underlying princples. Aty
to reason and make judgments. Clossly related 1o doing well in sclocl

YERBAL: Ability 1o understard meanings of words and ideas
associated with tkem, znd to use them cflectivel:. To comprehend
language, 1o undersiand relationships belween words, and 20 urder-
1 stand mezanings of whkole sentesces =nd parzgrophs To present
] informaticn or ideas clearly.

NUMERICAL: Ability t» perform arithmeiic operalions quickly
ard 2zcurately.

SPATIAL: Ability to comprehend forms in space axnd understand
relationships of plane and solid objects. May he uszed in such tasks
as blueprint reading and in sclvingz geomelry problems. Frequently
described 2s tte ability to “visualize™ objecis of two or three dimen-
; sions, or to think visually of geometric forms.

FORM PERCEPTION: Ability to perceive pertinent detail in

objects or in piclorial or Zraphic material; to make visual compari-

} sons and discriminations and see slight differences in shapes and
shadings of figures and widths and lengths of lines.

CLERICAL PERCEPTION: Ability to perceise pertinent detail
in verbal or tabular material; to cbserve differences in copy. to proof-
read words and numbers, and to 2v-%d perceplual rrors in arithmelic
computation.

MOTOR COORDINATION: Akiiits 10 coordinate eyes and hands
or fingers rapidly and accurately in making precise movements with
speed. Ability to make a movement response accurately and quickly.

FINGER DEXTERITY: Ability to move the fingers and manipulate
small objects with the fingers rapidiy or accurately.

MANUAL DEXTERITY: Ability to move the hands easily and
skillfully. To work with the hands in placing and turning motions.

EYE-HAND-FOOT COORDINATION: Ability to move the hand
and foot cocrdinately with each other in accordance with vis:al
stimuli.

COLOR DISCRIMINATION: Ability to perceive or recognize
similarities or differences in colors, or in shades or other values of

the same coler; to identify a particular color. or to recognize har-
monious or contrasting color combinations. or to match colors

68 accurately.
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INTERESTS: Prefercnces lor <ertain types of work zcthities or expers-
erces. with 2ezompanying reyection of conlrary types of octivities or
experiences. Five pairs of interest facturs are nxaiided so that a pesitive
preference {1 one factor of a pair also implies rejecticn of 1ke cther
fzctor of that pair.

L Situztions involving 2 pref-  ws 6. Situaticns involving a pref-
erence for zctivittes dealing ecrence for zctiviiies con-
with things and ¢bjects. cerced with people and the

communicztion of ideas.

2 Shuztions iavolving a pref- ws 7. Shwztions involsing a pref-
erezce fer aclivities invols- erecce for zciivities of a
ing busiress conlzat with scientife and technical na-
peaple. ure.

3.Sjuations invelsing a pref-  ws 8. Situstions involving a prei-
erence for zdlivities of = erence fcr adlivities of an
rouline, concrele, organized abstract and creziive nalure.
nalure.

4. Simuztions involving a pref-  vs 9. Situations involving a pref- ]
erence fcr working for pro- erence for activities that are
ple for their presumed good. ronsocial in patare. and are
as in the social welfare sense, carried on in relation 10
or for dealing with people processes, mackires, and
ard language in social situ- techniqres.
ations.

Linhdtand

3. Situations invelving a pref  vs 0. Situations involvirg a pref-

ererce for activhies result- erence for actizities result-
ing in prestige or the esteem ing in tangible, productive
of others. satisfaction.

TEMPERAMENTS: Different types of occupational situations 2o which

workers must adjust.

1. Situations involving a variety of duties often characterized by ]
irequent change.
2.Sfwatiens invelving repetitive or short cycle operations carried
‘out acccrding to set precedures or sequences.
3. Situations involving doing things only under specific instruction,
aliowing little or no room for independent action or judgment in
working out job problems.
4. Situations involving the direction, control, and planning of an
entire activity or the activities of others.
5. Situations involving the necessity of dealing with people in actual
job duties beyond giving and receiving instructions.
6. Situations involving working alone and apart in physical isolation
from others, although the activity may be integrated with that of
others.
7. Situations involving influencing people in their opinions, attitudes,
or judgments about ideas or things. 69




2

. Situstions involving performing zdequztely urder siress wken 1
cunironted with tke critical or unexpected or wken taking sisks.

9. Siiustions involving tke evaluation tamiving 2t generalizativns,
judzments, or decisionsy of infurmation against senscry or judg-
mental criteria

0. Shwations iovolving the evaluation (amising at gereralizetinme,
judzments, or decisions) of informalion azainst measuratle or
verifiable criteria.

X Shruations involsing the interpretation of feelings, ideas, or fzcts
i terms of personal viewpoint.

Y. Stuations involving the precise attainment of se1 limite, 1 terances.
or standards.

PHYSICAL DEMANDS: Those ghysical actisities required of a worker
ir a job. The physical demands referred 10 serve 2s a means of expressing
both tte physical reguirements of the job and ike physical capacities
(specific physical traits) a worker must have to meet the requirements.

1. Lifting, Carrying, Pusching, and/or Pulling (Strength). These
are the primary “strength” physical requirements, 2nd generally speak-
inz, a person who engages in one of ithese adiviiies can engage in all.
Specifically, each of these activities can be described as:

(1) Lifting: Raising or lowering an object from oxe level to anciker
(includes upward pulling).

(2) Carrying: Transporting an object. usually kolding it in the
hands or arms or on the shoulder.

(3) Pushing: Exerting force upon an object <o that the object moves
away from the force (includes slapping, striking, kicking, and
treadle actions).

(4) Pulling: Exerting force upon an object so that the object moves
toward the force (includes jerking).

The five degrees of this factor (Lifting, Carrying, Pushing, and/or
Pulling) are:

Sedentary Work: Lifting 10 Ibs. maximum and occasionally lifting
and/or carrying such articles as dockets, ledgers, and small tools.
Although a sedentary job is defined as one which involves sitting.
a certain amount of walking and standing is often necessary in
carrying out job duties. Jobs are sedentary if walking and standing
are required only occasionally and other sedentary criteria are met.

Light Work: Lifting 20 1bs. maximum with frequent lifting and/or
canrying of objects weighing up to 10 lbs. Even though the weight
lifted may be only a negligible amount, a job is in this category
when it requires walking or standing to a significant degree, or when
] it involves sitting most of the time with a degree of pushing and
! pulling of arm and/or leg controls.

Medium Work: Lifting 50 lbs. maximum with frequent lifting
and/or carrying of objects weighing up to 25 lbs.

Heavy Work: Lifting 100 lbs. maximum with frequent lifting
and/or carrying of objects weighing up to 50 lbs.

T~

Very Heavy Work: Lifting objects in excess of 100 lbs. with
frequent lifting and/or carrying of objects weighing 50 1bs. or more.

2. Climbing and/or Balancing.
; 70 (1) Climbing: Ascending or descending ladders, stairs, szaffold-




inz ramps. peles. ropes, ard the bke. using the feet and lezs
and/or herds and arms,

{2) Balancing: Maintaining budy equililrizm to prevent falling
when walking sanding croucking or sunning on_namow.
slippers. or ersatically moving surizees: or mainlaining body
equilitrium when performing eymnadic feals.

3. Stooping, Kneeling. Crouching, and/or Crawling.

(1) Stooping: Bending the body downward and forward by

. berding the spize at the wall.

(2) Kneeling: Bending the legs a1 the knees to come 1o yest
on ke knee or koees.

(3) Crouching: Berding the body downward and forward by
bending the legzs and spine

(4) Crawling: Moving about on the hands and knees or hands
and fest.

4. Reaching, Handling, Fingering, and/or Feeling.

-~

(1} Reaching: Extending the harnds and amms in any direction.

(2) Handling: Seizing, ho'ding, grasping. iturning, or otherwise

working with the hand or hands {(fingesing net involved).

(3) Fingering: Pickinz, pinchingz. or otherwise working with
the fingers primarily {rather than with the whole nand or arm,
2¢ in handling ).

(4) Feeling: Perceiving such anributes of objects and materials
as size, shape, temperature, or texture, by means of receplors
ia the <kin, particularly those of the finger tips.

5. Talking and/or Hearing.
(1) Talking: Expressing or exchanging ideas by means of the
spoken word.
(2) Hearing: Perceiving the nature of sounds by the ear.

6. Seeing: Obtaining impressions through the eyes of the shape, size.
distance, motion, color, or other characteristics of objects.
The major visual functions are defined as follows:

(1) Acuity, far: clarity of vicion at 20 frpt or mara
Acuity, near: clarity of vision at 20 inches or less.

(2) Depth Perception: three dimensional vision. The ability
to judge distance and space relationships so as to see objects
where and as they actually are.

(3) Field of vision: the area that can be seen up and down

, or to the right or left while the eyes are fixed on a given

% point.

(4) Accommodation: adjustment of the lens of the eye to
bring an object into sharp focus. This item is especially
important when doing near-point work at varying distances
from the eve.

(5) Color vision: the ability to identify and distinguish colors.

WORKING CONDITIONS: the physical surroundings of a worker in
a specific job. Alco known as Environmental Conditions.
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1. Inside, Outside. or Both.

I Inside: Prelection from weatker conditiors. bt not necessarily
from temperature chanzes.

O Outside: No eflertive protecticn from weatker.
B "Both: Inside and outside.

A jub is considered “inside™ if the worker spends approximately
33 per cent or more of his time inside, and “outside™ if ke speads
approximalely 75 per cent rr more of his fime outside. A job is
considered “beth™ if the activities occur inside or outside in
approximately equal amounts,

Extremes of Cold Plus Temperature Changes.

(1) Exiremes of Cold: Temperature safficiently low 1o cause
marked bodily discomfort Lnless the worker is provided with
exceptional protection.

(2) Temperature Changes: Variations in temperature which
are suffciently marked and absupl to cause noticeable bodily
reactions.

Extremes of Heat Plus Temperature Changes.

(1) Temperature sufficienily hizh to cause marked bodily dis-
comfort unless the worker is provided with exceptional
protection.

(2) Temperature Changes: Same as 2. (2).
Wet and Humid.
(1) Wet: Contact with water or other liquids.

(2) Humid: Ammospheric condition with moisture content suffi-
ciently high to cause marked bodily discomfort.

Noise and Vibration.

Sufficient noise. either consiant or intermittent, to cause marked
distraction or possible injury to the sense of hearing and/or sufficient
vibration (production of an oscillating movement or strain on the
body or its extremilies from repeated motion or shock) 1o cause
bodily harm if endured day after day.

Hazards. Situations in which the individual is exposed to the
definite risk of bodily injury.

Fumes, Odors, Toxic Conditions, Dust, and Poor Ventilation.

(1) Fumes: Smoky or vaporous exhalations, usuaily odorous,
thrown off as the result of combustion or chemical reactions.

(2) Odors: Nexious smells, either toxic or nontoxic.

(3) Toxic Conditions: Exposure to toxic dust, fumes, gases,
vapors. mists, or liquids which cause general or localized
disabling conditions as a result of inhalation or action on
the skin.

(4) Dust: Air filled with small particles of any kind, such as tex-
tile dust, flour, wood, leather, feathers, etc., and inorganic dust,
including silica and ashestos, which make the workplace un-
pleasant or are the source of occupational diseases.

(5) Poor Ventilation: Insufficient movements of air causing a
feeling of suffocation; or exposure to drafls.
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A

ACCURACY: Tke dezree of exactness of an approximation or measure-
ment. Hizh accuracy thus implies low errur. Accuracy normally dezoles
quality of computed resulls; precision vsually refers to the amount of
detzil used in representing those results. Thus. four-place resulis are less
precise than six-place results; neverikeless a four-place table mizht be
more accurate than an ervoneously computed six-place table.

ADAPTIVE CONTROL: Descriptive of systems which represent an
extension of closed oop. feedback control, in that performance of the
machine, process, or other controlled object is optimized. rather than
merely corrected. At present state of development, most adaptive machine-
100} controls are special-purpose sysiems which sense tool torque and
optimize feedrates and speeds for small-hole dzilling of extremely bard
substances. Synonymous with self-optimizing control.

AUTOMATIC DRAFTING MACHINE: A sophidicated XY
PLOTTER. usually used in conjnnction with 2 compnter, which nroduces
eraphic output from numerical input. Frequently capable of printing
letters, numbers, and symbnls as well as drawing and scribing Jines and
curves. Useful in areas such as design analysis, engineering mechanical
drawing preparation, and cutter center-path verification for numerical
machining. Contrasted with DIGITIZING MACHINE.

AUTOMATION: Production by devices or machines which are self-
acting with respect to predetermined processes.

B
BASE-LINE DIMENSIONING: Descriptive of designing and part

drawing techniyue of recording dimensions as distances from a base line,
which may be ontside the part, in order to reduce duplication of effort and
simplify mathematical tasks of numerical control part programers.

BINARY: A characteristic, property, or condition in which there are
but two possible alternatives; e.g., the binary number system using 1wo
as its base and using only the digits zero (0) and one (1).

BINARY CODE: (1) A coding system in which the encoding of any
data is done through the use of bits; ie., 0 or 1. (2) A code for the ten
decimal digits, 0, 1, - . . , 9 in which each is represented by its binary,
radix 2, equivalent; ie., straight binary.

BINARY CODED DECIMAL: 3 decimal notation in which the indi-
vidual decimal digits are represented by a pattern of ones and zeroes;
e.g., in the 8421 coded decimal notation, the number tweive is repre-
sented as 0001 0010 for 1 and 2, respectively, whereas in pure or straight
binary notation it is represented as 1150.

BINARY CODED DECIMAL NOTATION: A method of representing

each figure in a decimal number by a four-figured binary number.

BIT: {1) An abbreviation of binary digit. (2) A single character in a
binary number. (3) A single pulse in a group of pulses. (4) A unit of
information capacity of a storage device. The capacity in bits is the
logarithm to the base two of the number of possible states of the device.

BLOCK COUNT READOUT: Optical numerical display of the number
of control tape blocks processed by a numerical control system.

BOOLEAN ALGEBRA: A process of reasoning, or a deductive system




of theorems using a symbolic logic, and dealing with classes. propositions,
or oz=-off circeit elements. It emgloys symbols to represent operators such
as AXND. OR, NOT, EXCEPT, IF . . . THEN, 1o permit mathematical
calculation. Named after Gesrge Boole. famous English matkematician
(1815-126%).

BORING: Finishing a kole alrezdy drlled or cored, by means of a
rotating, offzet, single-point tool. On some boring smachines the tool is
stationary and the work revolves: un othess the reverse is true.

C

CARD-TO-TAPE CONVERTER: A device which conyeris information
directly from punched cards 10 puncked or magnelic tape.

CARTESIAN COORDINATE: (1) The distance of 3 point from either
of two intersecting <traight-EFne axes measvred paraliel to the other axis.
{2) The distance from any of three intersecling coordinate planes meas-
ured parailel to that one of three straight-line axes that is the intersection
of the other two planes.

CASCADE CONTROL: An zuiomatic control <ystem in which various
control units are linked in sequence. eachh conirol umit regclating the
operation of the next conirol unit in line.

CHIPMAKING: The cutting away of excess metal, in the form of chips,
from a workpiece by use of a cutting tool. Differentiated from abrading
or grinding because of the larger sizes of chips remnoved and by higher
metal-removal rates.

CLOSED LOOP: Pertaining 1o a system with feedback type of control,
such that the output is used to modify the input.

COMMAND: (1) An electronic pulse, signal or set of signals 10 start,
stop or continue some operation. It is incorrect to use command as a
synonym: for instruction. (2) The portion of an instruction word which
specifies the operction to be performed.

COMPUTER: A device capable of accepting information, applying
prescribed processzs to the information, and supplying the results of
these processes. It usually consists of input and output devices, storage,
arithmetic, and logical units, and a control unit.

CONTOUR CONTROL SYSTEM: A numerical control system in which
the cutting path of each tool can resuit from the coordinated, simultane-
ous motion of two or more axes. Descriptive of the most complex category
of machine tool numerical control systems. Contrasted with POSITION
CONTROL SYSTEM and STRAIGHT-CUT CONTROL SYSTEM.

D

DAMPING: A characteristic built into electrical circuits and mechanical
systems to prevent rapid or excessive corrections which may lead to in-
stability or oscillatory conditions; e.g., connecting a register on the
terminals of 2 pulse transformer to remove natural oscillations or placing
a moving element in oil or sluggish grease to prevent mechkanical over-
shoot of the moving parts.

DEBUG: (1) To locate and correct any errors in a computer program
or part program. (2) To detect and correct malfunctions in a computer,
control system, or machine.

DECADE: A group or assembly of ten units; e.g., a counter which
counts to ten in one column or a resistor box which inserts resistance
quantities in multiples of powers of 10.
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DIGITAL COMPUTER: A computer which processes information rep-
resented by combinations of discrete or dis¢ontinous data as compared
with an analog computer for continuous data. More specifically. it is 2
device {or performing sequences of arithmetic and logical operations. ol
only 64 data bui its own program. Still more specifically it is a stored
program digital computer capable of performing sequences of internally
stored instructions, as epposed to calculators, such as card prozramed
calculators, en v hich the sequence is impressed manually.

DIGITIZER: A device which converts an analog measurement into
digital form. Synonymous with quantizer.

DIGITIZING MACHINE: A machine, similar in appearance to AUTO-
MATIC DRAFTING MACHINE. which senses lines and curves on
graphic input, such as an engineering mechanical drawing, and converis
to numerical tape and/or printed output. May be operated by program-
ing personnel who type in auxiliary machine-tool commands for merger
with geometric data such as cutter center-paths. to produce complete
machine control tapes for numerical machining. May be AUTCMATIC
DRAFTING; MACHINE with additional equipment which permits
digitizing.

DOWNTIME: The period during which a system, computer. or any other
device is malfurctioning or not operating. due 10 electronic, mechanical,
or other inherent failure.

DRILLING: Cutting a round hole by means of a rotating drill.

ELECTRONIC: Pertaining to that branch of science which deals with
the motion, omission. and behavior of currents of free electrons, especi-
ally in vacuum, gas, or phototubes and special conductors or semi-
conductors. This is contrasted with electric which pertains to the fow
of large currents in metal conductors.

ELECTRONIC DATA PROCESSING SYSTEM: The general term
used to define a system for data processing by means of machines utilizing
electronic circuitry at electronic speed, as opposed to electromechanical
equipment.

ELECTRONIC SYITCH: A circuit element causing a start and stop

action or a switching action electronically, usually at high speed.

ERROR: The general term referring to any deviation of a computed or
a measured quantity from the theoretically correct or true value.

F

FEEDBACK: The part of a closed loop system which automatically
brings back information about the condition under control.

FEEDBACK CONTROL: A type of system control obtained when a
portion of the output signal is operated upon and fed back to the input
in order to obtain a desired effect.

FEEDBACK CONTROL SIGNAL: That portion of the output signal
which is returned to the input in order to achieve a desired effect, such
as a fast response.

FIXED WORD-LENGTH: Having the property that a machine word
always contains the same number of characters or digits. Contrasted with

VARIABLE WORD-LENGTH.
FLOATING ZERO: Descriptive of a feature of some numerical machine




controls. by which the zero point on a machine axis can ve shifted; the
control system retains no data concerning previous machine zero points.

Contrasted with ZERO OFFSET.

FORTRAN: A programing language designed for problems which can
be expressed in algebraic notation. alluwing for exponentiation and up
to three subscripts. The FORTRAN compiler is a routine for a given
machine which accepts a program written in FORTRAN source language
and preduces a machine language routine object program. FORTRAN 11
added considerably to the power of the original language by giving it
the ability to define and use almost unlimited hierarchies of sub-routines.
all sharing 2 common storage region if desired. Later improvements have
added the ability 10 use Boolean expressions, and some capabilities for
inserting symbolic machine language sequences within a source prograia.

G

GATE: A circuit which yields an output signal that is dependent on
some function of its present ur past input signais.

GRAPHIC PANEL: A master control panel which. pictorially and
usually colorfully, traces the relationship of control equipment and the
process operation. It permits an operator at a glance, to ckeck on the
operation of a far flung control system by noting dials, valves, scales,

and lights.
H

HEAD: A device which reads. records or erases informatian in a storage
medium, usually a small electromagnet used to read. write or erase in-
formation on a magnetic drum or tape or the set of perforating or
reading fingers and block assembly for punching or reading holes in paper
tape or cards.

HOLOGRAPHY: Descriptive of iypes of photography or wave-front
reconstruction, not employing lenses, in which interference patierns
rather than conventional images are recorded. and in which a coherent
light source is used to reconstruct data from photographic, radar, or other
acquisition systems in apparent three-dimensional form.

HUNTING: A continuous attempt on the part of an automatically con-
trolled system to seek a desired equilibrium condition. The system usually
contains a stardard, a method of determining deviation from this standard.
and a method of influencing the system such that the diflerence between
the standard and the state of the system is brought to zero. Clarified by
SERVOMECHANISAM.

HYSTERISIS: The lagging in the response of a unit of a system behind
an increase or decrease in the strength of a signal.

1
INFORMATION THEORY: The mathematical theory concerned with

information rate, channels, channel width. noise and other factors affecting
information transmission. Initially developed for electrical communica-
tions, it is now applied to business systems, and other phenomena vihich
deal with information vnits and flow of information in networks.

INTEGRATED PLANT CONTROL SYSTEM: Descriptive of poteniial
extension of process control systems, in which a large-scale digital com-
puter system controls the totality of a processing or manufacturing plant
on a closed loop, real time Lasis, automatically gathering and analyzing
data, and executing programed management decisions.
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L

LAC: A relative measue of the time delay belween two events, slales,
or mecharisms.

LOGGER: A device which aulomatically records phrsical process and
events. usually chronologzically.

LOGIC: (1) Tke svstematic sckeme which defines tke interaclions of
Sanals in the desizn of an automatic dala processing system. (29 The
Lasic principles and application of truth tables and inler-connection
between logical elements reguired for arithmelic computation in 2 aulo-
matic dala processing system.

MACHINABILITY: Descriptive of the quality or state of being ma-
chinable. Machinability rating assists in selecling appropriate machine
feedrates and culling speeds.

MAGNETIC TAPE: A tape or ribbon of any matesial impregnaled or
coated with magnetic or other smaterial on which information may be
placed in the form of magnetically polarized spots.

MILLING: Machining a piece of metal by bringing it into contact with
a rotating culting ool having multiple cuiting edges. A narrow milling
cutter resembles the circular saw. Other cutiers may have spiral edges
which gives the apparance of a huge screw. Some of the shapes produced
by milling machines are very simple ike the slots and suriaces pro-
duced by a circular saw; other shapes may consist of a variety of combi-
pations of flat and curved surfaces, depending on the shape given to the
cutting edges of the tools.

MIX: The total range of manufactured products produced by a business
establishment or portien of i1.

MODULE: (1) An interchangeable plug-in item containing components.
(2) An incremental block of storage, or other building block, for expand-
ing the capacity of a computer or other electronic system.

NOISE: The meaningless extra bits or words which must be ignored or
removed from the data at the time the data is used.

NUMERICAL CONTROL: Descriptive of concepts and systems related
to control of object action by direct insertion of numerical data rather
than by physical means. Synonymous with symbolic control. See NU-

MERICAL CONTROL SYSTEM.
NUMERICAL CONTROL SYSTEM: A system in which actions are

controlled by the discct insertion of data at some point, and in which the
svstem must automatically interpret some portion of this data. Application
of term usually is restricted to description of a system for the control of
discrete, rather than continuous-flow processes; thus, contrasted with
PROCESS CONTROL. See CONTOUR CONTROL SYSTEM, POSI-
TION CONTROL SYSTEM, and STRAIGHT-CGT CONTROL SYSTEM.

o

ON-LINE: Descrintive of a system and of the pevipheral equipment or
devices in a system in which the operation of such equipment is under
control of the central processing unit, and in wkich information reflecting
current activity is introduced into the data processing system as soon as
it occurs, thus, directly in-line with the main flow of transaction processing.

e




OPEN LOOP: Pertaining 1o a conirsl system 1 which there is no <oJf-
correcling zctien for misses of the desired operational cordition. as there
is in a closed loop sylem.

P

PAPER TAPE: A strip of paper capable of sloring or rezording in-
fosmation. S1ox2ge may be in the form of punched koles. pantially nuncked
Eoles, carbonization or cherrical change of impregnated material, or by
imprintinz. Some paper tapes, such as puncked paper tape, are capable
of beinz rezd by the input desice of - compuier or 2 iransmitting daice
by sensing <ke pattern of holes which repre: ent coded information.

PHOTOGRAMMETRY: The application of methods arnd techniques
of photogzrammetry 10 develop compuler-oriented systems for avtomalic
analysis. and description in symbolic numerical form, of complex geo-
metsic shapes such as die cnities and astomobile mock-ups.

POLAR COORDINATE: Eitker of iwo numbers that locate a point in
a plane by its distance from a fixed point on 2 line and the angle this
Jine makes with a fxed line.

POSITION CONTROL SYSTEJ: A discrete (noncontinuons) numer:-
cal control system in which end points are oontrolled, but transitien paths
to achieve them are nol controlled; least complex of machine tool
rumerical contre] systems and frequently installed ex drilling 2nd boring
machines. Contrasted with CONTOUR COXNTROL SYSTEM and
STRAIGHT-CUT CONXTROL SYSTEAM

POSITION READOUT: Optical numerical display of absolute position
of machine axis.

POST PROCESSOR: A computer program which conrerts the general-
ized outpul of a computer-processed part program into the specific input
requirements ¢ e machire tool-numerical control system on which the
part is o be mach, ed.

PROCESS CONTROL: Descriptive of systems in which digital, analog
cr hybrid computers are usad for the autematic reguiztion of operations
or processes. Typical are operations in the production of chemicals
wherein the operation control is applied continuously and adjustnents
to regulate the operation are directed by the computer to keep the value
of a controlied variable constant.

PROGRAM CONTROL: Jescriptive of a system in which a computer
is used to direct an operati«n or process and automatically to hold or to
make changes in the operation or process on the basis ¢f a prescribed
sequence of events.

PULSE: A significant and sudden change of short duration in the level
of some electric variable, usually voltage.

PROGRAM STOP: A stop instruction built into the program that will
automatically stop a machine under certain conditions, or upon reaching
the end of the processing, or completing the solution of a problem.

PUNCH CARD: A heavy stiff paper of constant size and shape, suitable
for punching in a pattern *hat has meaning, and for being handled
mechanically. The punched Yol>s are sensed electrically by wire brushes,
mechanically by metal fingers, or phetoelectrically by photocells.

PUNCH TAPE: A tape, usually paper, upon which data may be stored
in the form of punched holes. Hole locations are arranged in columns
across the width of the tape. There are usually 5 10 8 positions (channels)
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per column, with dzia represerted by a Linory coded decizal system. ALl
koles in a column ars sensed simultazesasly in 2 manner similer to that
for purnch cards. Synonymous with perforated tape.

READOUTS: A deaice thot displass. in dizfls, daola comprled or
recorded.

SYSTEMS TEST: (11 The running of tke wkole svslem againgt test
dz1a. (29 A complete simulation of the z2ctual running system for pur-
poses of texting out the =deguacy of the svstem. (3) A test of an exntire
interconnecied se1 of comporents for the purpose of determining proper
f<nclioning and inlerconreclion.

T

TAPPING: Cuiting a threzd inside the kole so that a cap screw may be
used in it

TOOL MAGAZINE: A sorage unit on a machine tool, from which
tooling is withdrawn and replaced by an antomalic 10o0}-changing
mechanism.

TRANSISTOR: An electronic device utilizing semiconductor properties
to control ithe Bow of currents.

TURNING: Performed on a lathe. Using an engine lathe, the piece of
metal to be machined is rolaled and the culting ool pressed against i
Using a turret lathe (2 lathe equipped with a six-sided 1oolholder called
a turret, to which a number of different cutting tools are atiached) several
difierent cutiing tools are brought into successive use, and the seguence
of machining operations can be repeated over and over again without
reselting the tools.

U
ULTRASONICS: The field of science devoted to frequencies of sound

above the human audio range; ie., above 29 kilocycles a second.
v

VARIABLE WORD-LENGTH: Having the property that a machine
word may have a variable number of characters. Contrasted with FIXED
WORD-LENGTH.

YECTOR: A quantity having magnitude and direction, as contrasted
with a scaler which has quantity only.

YERIFIER: A device on which a record can be compared or tested for
identity, character-by-character with a retranscription or copy as it is
being prepared.

X-Y PLOTTER: A device used in conjunction with a computer to plot
coordinate points in the form of a graph.

ZERO OFFSET: Jescriptive of a feature of some numerical machine
controls, by which the zero point on a machine axis can be shiited, with
the control system retaining data concerning the previous machine zero

point. Contrasted with FLOATING ZERO.

ZERO POINT: The point from which a numerical control system re-
lates other points. Synonymous with zero reference point.

g
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The orgznizations, schools, colleges, and nniversities listed below may be
contacted for further academic, technical, or employment information.
Even when organizations do not have 2 program of publication for ex-
ternal distribution, it frequently is possible tc obtain information from
individual members of special subsections, and regioral or local chapters.

Organizations

American Association of Junior
Colleges, 1777 Massachusetts Ave-
nue N.W., Washington, D.C,
20036

American Federation of Technical

Engineers, 900 ¥ Street N.W,,.

Washington, D.C., 20004

American Institute for Design and
Drafting, 18465 James Couzens,
Detroit, Mich., 48235

American Institute of Industrial
Engineers, 345 East 47th Street,
New York, N.Y., 10017

American Mathematical Society,
190 Hope Street, Providence, R.I,
02906

American Society of Mechanical
Engineers, 345 East 47th Street,
New York, N.Y., 10017

~ This list is not an exhaustive one and is offered 23 a guide.

American Society of Tool and
Manufacturing Engineers, 10700
Puritan Avenue, Detroit, Mich.,
48238

Association for Computing Ma-
chinery. 211 East 43rd Street,
New York, N.Y., 10017

Association of Data Processing
Service Organizations, 947 Old
York Road. Abingdon, Pa., 19001

Business Equipment Manufac-
turers’ Association, 235 East 42nd
Street, New York, N.Y., 10017

American Society for Engineering
Education, Techrical Institcte Di-
vision, University of Illinois, Ur-
bana, Il1., 61801

American Society for Metals,
Metals Park, Ohio

Industrial Management Society,
330 South Wells Street, Chicago,
I11., 60606




Inctitute of Elecirical and Elec-
tronic Engincers. 345 Eaa 4ith
Sirect. New York, N.Y., 10017

Instrument Society of America.
Penn-Sheraton Hotel, 330 William
Penn Place. Piutsburgh. Pa,
15260

International Association of Ma-
chinists, 1300 Connecticut Ave-
nge N.W. Washington, D.C.
26036

Mathematical Association of
America, University of Bufialo,
Buffalo. N.Y., 14214

National Association of Manufac-
turers. 2 East 48th Sireet, New
York. N.Y., 10017 ~

National Council of Technical
Schools, 1507 M Street N.W.,
Washington, D.C., 20005

National Home Study Council,
1601 18th Street N.W., Washing-
ton, D.C., 20009

Engineers’ Council for Profes-
<ional Development, 345 East 47th
Street, New York, N.Y., 10017

Engineers Joint Council, 345 East
47th Street, New York, N.Y,,
10017

National Joint Apprenticeship
and Training Committee for the
Electrical Industry, 1200 18th
Street N.W., Washington, D.C,
20036

National Machine Tool Builders’
Association, 2139 Wisconsin Ave-
nue N.W., Washington, D.C.,
20007

National Referral Center for
Science and Technology, Library
of Congress, Washington, D.C,,
20540

National Tool, Die, and Precision
Machining Association, 907 Pub-
lic Square Building, Cleveland,
Ohio, 44113

Numerical Control Society, 122
East 42nd Street, New York, N.Y.,
10017

Sociely for the Advancement of
Manazement, Inc, 16 West 40th
Streer. New York. N.Y.. 10018

U.S. Chamber of Commerce, 1615
H Strect N.W., Washingren, D.C,
20086

'ocational,
Technical and Adulit
Schools, Colleges
and Universifies

California Institute of Technnol-
ogy, Pasadena, California

California Siate Polytechnic Col-
lege, Machine Shop Department,
San Luis Obispo, California

Carnegie Institute of Technology.
Pittshurgh, Pennsylvania

Fond du Lac Vocational, Techni-
cal and Adult Scheols, Fend du
Lac, Wisconsin

Green Bay Vocational, Technical
and Adult Schools, Green Bzy,
Wisconsin

Illinois Institute of Technology,
Chicago, 1llinois

Madison Vocational, Technical
and Adult Schools, Madison, Wis-

consin

Massachusets Institute of Tech-
nology, Cambridge, Massachusetts

Milwaukee School of Engineering,
Milwaukee, Wisconsin

Milwaunkee Vocational, Technical
and Adult Schools, Milwaukee,

Wisconsin

Purdue University, Lafayette, In-
diana

University of Wisconsin, Madison,
Wisconsin

West Allis School of Vocational,
Technical and Adult Education,
West Allis, Wisconsin

Wisconsin School of Electronics,
Madison, Wisconsin
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ALPHABETICAL
INDEX OF TITLES

The titles listed, all in alphabetical order, are presented in three forms:
All capital letters—main titles identifying the job.
All lower case letters—alternate or synonym titles, by which a job is
also known.
Initial capital letters—related titles. These are self-dzscriptive varia-
tions of the jobs they are associated with.
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aucomatic-toolchanging lathe operator, numerical control... .. ... 43

boring bar operator, numerical contro) . e e e Z0
boring machine operator, numerical control.. . .. o . .. 29
BORING MACHINE OPERATOR, TAPE CONTROL . . ... . ... 35

BORING-MILL OPERATOR, NUMERICAL CONTROL... ... ... ... 29
continuous-path Part PrOZIAMET ... .. o i o =
contour nart programer, numerical COMIOL. ... o e
contour-path part programer ... ... e e -
Contour Path Tape-Mill Operalor. ... oo i
COORDINATOR FOR NUMERICAL CONTROL ... oo
drilling-and-boring machine operator. nuinerical control ... .. .
DRILL PRESS OPERATOR, TAPECONTROL ... ... .. ... ...
ELECTRONICS TECHXICIAX, NUMERICAL CONTRGL SYS-
TEMS MAINTENANCE . o e s o e
engine lathe operator, numerical contro e
horizontal bork.z .11 operator, numerical control ... . .. ...
horizontal jig borisg, machine operator. numerical control ...
JIG BORING MACHIXE O2ERATOR. NIIMERICAL CONTROL ..
LATHE OPERATOR, ¥UMERICAL CONTROL ... ..o

SRREBHEE RRBSRRR

layout drill operator, numerical CONMTOL . o e e e DD
AACHINING CENTER OPERATOR, HORIZONTAL .. ... ... 48
MACHINING CENTER OYERATOR, VERTICAL.......cov o o e 46
maintenance man, electrcai¢ ‘e 33

MILLING MACHINE OPERATOR, NU)
numerical control coordinalor.. ... .o
numerical control drilling machine operator..... . . . o
numerical control machining co0Ordinalor............ ommennes cominns weees 32
numerical control maintenince specialist ... ..o« 38

o
2

{ERICAL CONTROL..... 51

®

numerical control technICIAN. .. oovierrcecierreicnas e s 38
numerically controlled ma-hining center operator, vertical ... .. . ... 40
PART PROGRAMER, NU MERICAL CONTROL | (U 54
PART PROGRAMER, NUMERICAL CONTROL | § S 57
Planer-Type Milling Mackine Operator, Numerical Control ... .. ... 32
point-to-peist and straight-cut part Programer... ... .. - 57
precision boring-and-drilliag machine operator, numerical control... 35
process planner, numericsl COMLIOL .. eercaeercaroeeceacnnns saaiaens arscven 57
Profile Mill Operatorx, Tagie Control ... e e 52
programer, numerical Com IOk .o o 54357
tape bar operator, numer cal COMEIOL. oo et cieceeeecacnnmepneas 29
Tape Control Skin Mill Uperator........cooueuevecree. eeeseeenrtasarm e e s ienaracs 52
Tzpe Control Spar Mill OPerator...m .. ceevvvvcrsireenes sooctermcememsis oo 52
tape drilling machine OP2ratoX ... mmmrermociriiriicecssmensrms s 34
Tape “Keller” OPErator. ... o eerrecsumsmsrermasssssos s sams s sscesrcoees 52
£OO] PTESCHET . ... coocrmmeree conososemasscimsrosan s st st et o 60
TOOL PRESETTER, N:JMERICAL CONTROL.......... ceveeeaen o eneeenen 60
tool setup man, numerical CONLIOL. ..o e 60
turret lathe operator, numerical CONtrOL......ovririnirinerinseceinene 43
“Variax” Operator ....... e —emvvaraveeeseotassasseamenatassae st ansRear s ensar i e 52
vertical boring machine operator, numerical cOntrol......oceveeeecnnine 35
vertical boring mill operitor, numerical CONErol. ..o 62
vertical drilling-boring-znd-milling machine operator, numerical con-

ey IR SRR 46
vertical jig boring machine operator, rnumerical control ..........c.c....c. 41
VER%[%}JL TURRET LATHE OPERATOR, NUMERICAL CON- 6
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SELECTED OCCUPATIONAL

INFORMATION
PUBLICATIONS |

Publiczii- ns may be ordered from the Superintendent of Documents, ULS.
Government Printing Ofice. Washington, D.C. 20402. Remittance in the
form of check or money order pavable to the Superintendent of Dozu-
menls must accompany all orders. Do not send poastage <tampz.

1. CAREER GUIDE FOR DEMAND OCCUPATIONS. 1965. 49 pp.
$30 Provides information on education, training and worker trait
requirements for 71 occupations®in demand; also a2 bibliography of
zelected references.

DICTIONARY OF OCCUPATIONAL TITLES, in two volumes.
Voiume I. 1965. 209 pp. $5.00. Lists in alphabelical order over 35.600
job titles in the American economy Provides definitions for aimost
22,000 individual occupations.

1o
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Vol.me II. 1963. 656 pp. $4.25. Presents the occupational classifica-

tion structure of the US. Employment Service. The structure con-

sists of two arrangements of jobs. The fust arrangement gooups job

according to a combination of work field, purpose, material. product.

subject matter, generic term, and/or industry. The second arrange-

ment groups jobs according to abilities and traits required of J
workers. Also arrays jobs according to industry.

SELECTED CHARACTERISTICS OF OCCUPATIONS (PHYSI-
CAL DEMANDS, WORKING CONDITIONS, TRAINING TIME)
A SUPPLEMENT TO THE DICTIONARY OF OCCUPATIONAL
TiTLES, THIRD EDITION. 1966. 280 pp. $2.75. Lists individual
physical demands, working conditions, and training time data for all
jobs defined in the Dictionary. The information provides additional
source material for determining job relationships in such activities as
vocational counseling, personnel and manpower activities, training,
rehabilitation, and placement.

3. GUIDE FOR ANALYZING JOBS, ANALYST'S WORKBOOK. Re-
printed 1966. 40 pp. $.25. A companion, pocket-sized workbook to
the TRAINING AND REFERENCE MANUAL FOR JOB ANALY-
SIS. Presents basic techniques of job analysis in outline form and
provides an explanation of each job analysis component.

4. HEALTH CAREERS GUIDEBOOK. 1965. $1.50. Written and de-

signed to appeal to young people who are interested in planning a

career in the health field. Describes more than 200 jobs in this field

and contains information about educational, training and licensing

reqquirements; job prospects; salaries and working conditions; per-

S0 sona: qualifications required; and sources of additional information.

J
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JOB GUIDRT FOR YOUNG WORKERS. 1963. 28 pp. $45. Presenis
highlizkt information on entry jobs or £¢1ds of work frequently beld
by voung people leaving higk school. Provides information on em-
ployment prospects, qualifications for jobs, usual duties, charzcier-
istics of the jobs, and how and wkere jobs are obizined. Also direcis
tke voung job-seeker to Federal and State agencies which can provide
job information and counseling. Includes selected rezdings and some
tips on kow 1o ge1 a job.

6. OCCUPATIONS IN ELECTRONIC COMPUTING SYSTEMS. 1965.
72 pp. $.30. Describes 23 different occupations pecaliar to electronic
compuling. Gives the educati.n, training and characleristics required
of tke worker by the job, 2nd lists the physical activities 2nd en-
sironmental conditions usnally encountered. Also has a glossary of
technical terms, a blibiozraphy, and a lidting of organizations, col-
leges. and unhersities where zdditional informat on about electronic
compuling systems may be obtained.

OCCUPATIONS IN THE FIELD OF LIBRARY SCIENCE. 1966.
57 pp. $30. Presents descriptive information about 22 eccupations
involved in Jibrary work, including education, training, and expe-
sience, and the worker trails required.

8. OCCUPATIONS IN THE CARE AND REHABILITATION OF THE
MENTALLY RETARDED. 1966. 76 pp. $35. Discusses the problems
peculiar to the care and rehzbilitation of those afflicted with mental
retardation, and describes 27 occupations involved in such care and
rehabilitation. INlustrated.

9. TECHNOLOGICAL CHANGES IN COMPOSING ROOM AND
BINDERY PROCESSES IN THE PRINTING AND PUBLISHING
INDUSTRY. 1964. 50 pp. A single copy, from a limited supply, is
available, upon request, from the US. Employment Service, Bureau
of Employment Security, US. Department of Labor, Washington,
D.C. 202i0. Precents a preliminary picture of occupational and
staffing changes brought about in composing room and bindery proc-
esses as a result of the introduction of automated equipment or tech-
nological innovations. A limited study, covering eight plants in a
single geographical area, and, therefore, not necessarily representa-
tive of the industry as a whole.

10. TRAINING AND REFERENCE MANUAL FOR JOB ANALYSIS.
Interim Revision. 1965. 91 pp. $.60. An operational and reference
text that presents the principies and practices for obtaining informa-
tion about jobs.

3]
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-11. TRAINING MANUAL FOR THE DICTIONARY OF OCCUPA-

TIONAL TITLES (Third Edition) - Part A, Instructor’s Guide. 1965.
23 pp. $.25. Provides a guide to instructors for initiating and con-
ducting the self-training program covering the Dictionary.

Part B, Trainee’s Workbook. 1965. 323 pp. SL.75. A self-instructioral
text, presented in the form of a linear program, covering the con-
tents, structure, arrangement, and use of the Dictionary.

Other occupational information publications prepared by the US. Employ-
ment Service are listed in a booklet titled BUREAU OF EMPLOYMENT
SFCURITY PUBLICATIONS, Section III, “Employment Service Pub-
lications.” This booklet may be obtained without cost from the nearest
local office of your State employment service or by writing to the US.
Fmployment Service, Bureau of Employment Security, US. Department
of Labor, Washington, D.C. 20210. o1

U.S. GOVE2ZNMENT PRINTING OFFICE 1968 O—289-738
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JOB GUIDE FOR YOUNG WORKERS. 1963. 78 pp. £:495. Presenis
kizhliskt information on exlsy jobs or Eelds of work frequently beld
by younz people leasing bigh school. Provides information on em-
ployiment prospects, qualifications for jobs, usval duties, character-
istics of 1ke jobs, 2nd how and wskere jobs are obtaized. Also directs
tke voung job-seeker to Federal ond Siate agencies which can provide
job informztion and counseling. Includes selected rezdings ard some
tips on kow to get a job.

OCCUPATIONS IN ELECTRONIC COMPUTING SYSTEMS. 1965.
72 pp. §30. Describes 23 different occupations peculiar to elecirenic
compuling. Gives ihe education, iraining and characteridtics required
of the worker by ke job, acd lists the physical activities and ex-
sironmental conditions usually encountered. Also has 2 glossary of
technical lerms. a2 blibiography, and a liing of organizations, oo}-
leses, and universities where zdditional information about electronie
computing syslems may be oblaizned.

OCCUPATIONS IN THE FIELD OF LIBRARY SCIENCE. 1966.
57 pp. S.30. Presents descriptize information abou! 22 occupations
involved in library work, including education, iraining, and expe-
rience, 2nd the worker traits required.

OCCUPATIONS IN THE CARE AND REHABILITATION OF THE
MENTALLY RETARDED. 1966. 75 pp. S.35. Discusses the problems
peculiar to the care ard rehabilitarion of those affiicted with mental
retardation, and describes 27 octupations invoived in such care and
rehabilitation. Hlustrated

9. TECHNOLOGICAL CHANGES IN COMPGSING ROCM AND

10.

11

BINDERY PROCESSES IN THE PRINTING AND PUBLISHING
INDUSTRY. 1964 50 pp. A single copy, from a limited supply, is
available, upon request, from the U.S. Employment Service, Bureau
of Employment Security, US. Depariment of Labor, Washington,
D.C. 20210. Presents a preliminary picture of occupational and
stafing changes brought about in composing room and bindery proc-
esces as z vesult of the introduction of automated equipment or tech-
nological innovations. A limited study, covering eight planis in a
single geographical area, and, therefore, not necessarily representa-
tive of the industry as a whole.

TRAINING AND REFERENCE MANUAL FOR JOB ANALYSIS.
Interim Revision. 1955. 91 pp. $.60. An operational and reference
text that presen:s the priuciples and practices for obtaining informa-
tion about jobs.

TRAINING MANUAL FOR THE DICTIONARY OF OCCUPA-
TIONAL TITLES {Third Edition) : Part A, Instructor’s Guide. 1955.
23 pp. $.25. Provides a gaide to instructors for initiating and con-
ducting the self-treining program covering the Dictionary.

Part B, Tra'nee’s Workbook. 1965. 323 pp. $1.75. A self-instructional
text, presented in the form of a linear program, covering the con-
tents, siructure, arrangement, and use cf the Dictionary.

Other occupational information publications prepared by the U.S. Employ-
ment Service are listed in a booklet titled BUREAU OF EMPLOYMENT
SECURITY PUBLICATIONS, Section III, “Employment Service Pub-
lications.” This bcoklet mzy be obtzined withcut cost from the nearest
local office of your State employment service or by writing to the US.
Employment Service, Bureau of Employment Security, U.5. Department
of Labor, Washington, D.C. 20210.

o1

U.S. COVERNMENT PRINTING OFFICE : 3968 0—289-738
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