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NC Training:
Who Needs It?

WILLIAM F. HACK
Coordinator, NC Technology R
William Rainey Harper College

Recently, the numerical control field turned the corner from a sophisticated
technology used by the aerospace industry to smaller shop applications. In
the past tool and mold shop management have shown that NG techniques
were not applicable to their particular business. This has proven wrong. With-
out the planning, organizing, and money of large organizatiohs, the small
shop has had to look into the problem of staffing, where one man may wear
half a dozen hats.

What is available to the manager of an industrial operatlon in the way of
training for his personnel? What are some possible alternatives and activities
that are not generally considered to be training programs as such?

The manager of a manufacturing operation, when dealing with the area of
training, must be a counselor, evaluator, and, to some degree, an instructor,
to get effective results from his personnel. He must consider all available
training techniques and must be innovative enough to apply his own ideas and
use to his advantage techniques that would not be considered classic training
methods.

Because of the proliferation of NC equipment, it has become difficult to
find people who are broadly defined as numerical control programmers.
There is also difficulty in selecting personnel as NC operators and in knowing
who should be trained as maintenance personnel. v

It is also obvious that supervisory personnel are not familiar with NC
equipment. The tool design department does not understand the NC machine;
therefore, it is not designing fixtures at minimum cost.-Management is not
fully aware of the implications of NC even though they feel it is required. As
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managers, they do not know what questions to ask, where to get the answers,
or how to evaluate the answers in light o. their particular manufacturing
problems.

Many personnel in a manufacturing unit require training. This training
does not necessarily have to be formal, but it is necessary in many cases due
to the complexity of NC systems. What are some of the areas that might.
require a knowledge of numerical control? The NC programmer needs to
understand how to write NC programs. But what of tool design or the shop
foreman, the quality control department, the engineering department, the
manufacturing ‘manager—what are the needs of these individuals and what
kind of training should they have?

Operators

Look at the bottom rung of what you might call the “ladder” of an organi-
zation. Here the key individual is obviously the man who operates the
machine tool—the NC machine operator. The operator of an NC machine
must know what buttons to press and how to load and unload tools. Does he
require knowledge of .the NC machine setup? Must he understand the
mechanics of the control system to be able to locate a,'part on the table and
properly produce it? Must he make his own tape corrections?

Recently some machine tools have been marketed, which suggests that the
operator has the ability to intervene in the manufacturing process. The
question is, Is the operator competent -to do this? The following list suggests
areas of operator competence: (1) the operation of the machine tool itself;
(2) those pertinent preventive maintenance activities included in his job
description; (3) an ablllty to interpret tape information; (4) the ability to

" read the holes in the tape, the binary coded decimal information; (5) an
understanding of the concepts of speeds and feeds as they apply to various
materials; (6) a reasonable understanding of the total machine system, so that
he ‘may help in diagnosing system problems; and (7) the ability to make
minor corrections in tapes without the direct aid of an NC programmer.

The operator can learn the operation of the machine tool and some of the
concepts of the system when the tool is installed. He can help either directly
or indirectly in the installation of the machine tool. Knowledge of ‘metal
removal, speeds and feeds, and surface feet per minute requires some formal
training, along with a basic trdining in programming.

Shop Foreman

The shop foreman is the next individual of concern. What is required of
him in the NC system? First, he must understand that the system is not just a
machine and its control. The system includes the operator; for without the
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opera'tor‘pressin'g the button, telling us what is wrong, and helping us resolve
operation problems, the system will not function. The foreman must there-
fore not only understand the man but also understand the NC system. He
must have an idea of ‘how it works, why it works, and what methods are .
available for effectively changing or modifying the way the system functions.
Let us look at some areas of concern to him.

He needs to understand programming techniques. He must understand
feeds and speeds. He must understand that tooling is a crucial part of the NC
operation. He should understand why preventive maintenance is needed. He
knows that the machine tool is expensive but does not understand what is
required to keep it in good operational order. How do you trzin this man to
supervise or manage the NC system properly? He can learn the basic machine
system at installation through informal training. But programming should be
learned in a formalized program. From previous experience, he should know
material-removal theory; if he doesn’t, he requires a condensed presentation
of this information. The training activities as related to the shop foreman can
also be on-the-job.

There is an inherent fear of NC on the part of those indirectly associated
with the system. It behooves management to attack this problem realistically.
The level at which this fear begins to generate itself is the shop foreman level.
A basic course in NC, teaching the foreman terminology, would suffice to
make him feel more comfortable with the NC system as a whole.

Quality Control

Do quality control personnel, either management or shop level, need any
knowledge-~or understanding of this NC system? Without an understanding of
the NC system, quality- control will either come to a halt or stop the entire
manufacturing operation as it is related to NC. Those who have delved into
‘NC recall the many, many hours spent arguing whether a part is one or two
thousandths out of print and whether it makes any difference in the quality of
the product. They have also observed the technique of inspecting -each part
-completely affer machining on an NC machine. Quality control personnel
should ‘be introduced to the terminology of NC equipment, the concept of
the equipment, and, in addition; be schooled in the techniques of statistical
quality control. The ability of NC equipment to make identical products
lends itself to the technique of statistical inspettion methodology ; therefore,
it is believed thaf statistical inspection is necessary for proper NC support.

..

»

Tool Design

&

If the tool designer is defined as the person whose responsibility is planning
and design of a fixture to hold a part on an NC machine, it is necessary that
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this person understand the problems of the programmer, the machine tool,
and tool deflection and cutting. For the tool designer to understand NC
tooling problems, he must be able to deal directly with the problems. He
should have a formal programming course which should be directed toward
tool path operation rather than program-coding problems. Let him debug a
program previously written and thus come in contact with problems related
to clamp clearances, part loading and unloading, and cutter deflection.
Another problem that should be considered when dealing with the relation
of tool design to NC is that of the flexibility built into an NC machine. For
example, consider the soft jaw chucking methods used in most manufacturing
facilities; with some innovative design parameters, it is possible to chuck parts
using soft jaws so that they may be reversed and therefore not require a
floor-to-floor handling operation. This requires some mental gymnastics on
the part of the tool designer. Training in this area is unavailable at this time.

Manufacturing Planner

The Planner is the one who historically has been considered most likely to
become the programmer. His activities include not only selection of existing
machines, existing tooling, reccommending the tooling methodology, but also
liaison between the shop and the engineering. design facility. It is important
‘that the training of this person be taken into consideration. If he is to become
an NC programmer, he should be taught NC concepts. In addition, he must
understand the complexity of machine and tooling problems. He must know
what can and cannot be done on NC machinery. He must know what toler-
ance can be expected from the machine tool. It is management’s responsi-
bility to allow the manufacturing engineer to be formally trained in the
production planning techniques available so that he may apply his knowledge
to the planning and use of NC machines.

Manufacturing Engineering Manager

You, must realize, of course, that the manufacturing manager is not con-
cerned directly with the everyday, step-by-step problems that the pro-
grammer, tool designer, and manufacturing planner have when dealing with
NC equipment. A lack of understanding of the problems related to numerical
control and the problems of the programmer and tool planner when dealing
with NC equipment can create environments not conducive to high pro-
ductivity. Manufacturing managers should be introduced to programming NC
machines just as an NC programmer. In addition, the NC programmer be
introduced to the available training activities which involve NC—for example,
the available coordinator training programs. He should be introduced to the
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personnel required to support NC. To do this, he should take some type of
general introduction to numerical control, which will enable him to deter-
mine the kind of personnel needed for the support of NC machine opera-
tions—NC programming, tool planning, and manufacturing engineering. The
programmer should be introduced to the economics of NC and spend con-
siderable time reviewing cost factors and some of the variables he may not
have considered when purchasing new equipment or reviewing the pro-
ductivity level of the present manufacturing facilities.

It is advisable for an industrial organization to consider a familiarization
program for its design engineers, so they may have an appreciation of the
flexibility of this new system of manufacturing.

Maintenance

Obviously a maintenance man must be someone with a knowledge of
hydraulics, electronics, and mechanics. Therefore, his training should deal
with all of these factors. He must receive formalized training in hydraulics,
electronics, and mechanical applications. You cannot take an individual and
expect him to learn merely by doing, as you might with conventional equip-
ment. The entire NC machine system is a complex, highly accurate, precise
device and therefore requires some knowledge of the system before it is
possible to delve into it and do any repairs or service. by

Training

The above are some areas of training for NC activities. A wide variety of
training facilities and training aids is available. There are the private con-
sulting firms which deal in management training, for example, the NC co-
ordinator training program put together by a number of consulting firms.
These firms are also in the area of general NC; in some cases in programming
methodology, they use computer or manual programming or both. In addi-
tion, you have original equipment manufacturers which have training pro-
grams in programming and maintenance. There are programming services with
training courses which are made available to those interested in purchasing or
who have already purchased a particular programming language. There are
scattered throughout the country both two-year colleges, technical colleges,
and four-year universities which have specialized programs in nymerical
control. The Numerical Control Society and other nationally known societies
from time to time offer workshops in numerical control, in tooling, general
numerical control, and, in some cases, computer programming.

Which of these specific areas managers should use is something which they
themselves must evaluate. When they are available, the manager of manu-
facturing or of any business operation should consider using the available
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training programs in formalized educational institutions. In doing so, he
should take a close look at the course to make sure that it is particularly
relevant to his operation.

The shop employee and the NC operator should be allowed to attend pro-
gramming courses geared to their level. There is a twofold benefit—the under-
standing and realization of the problems a programmer has in preparing a
program, and the possibility that a programmer may someday be operating
the machine tool. It is alse possible that this individual is potential super-
visory material. In addition, tool design, quality control personnel, machine
operators, and manufacturing engineering planners should be given the option
of attending other formahzed educational subjects related to numerical con-
trol. :

Your maintenance personnel should be sent when possnble to the ongmal
equipment manufacturers (OEM) for training in servicing the equipment. One
training method available which allows maintenance personnel to work with
the OEM assembly facility in the final assembly and chcck out your NC
machine.

In dealing with quality control and statistical analysis, you should consnder
a formal course. There are many levels of statistical analysis, but the level that
you should be considering is a simplified level. A mmlmum u*nderstandmg of
the concept is necessary.

Consider some areas not necessarily defined as trammg programs but
which could, if properly used, result in some good trdining. Managers and, in
many cases, manufacturing engineers, can learn a good deal from NC sales
presentations.. The problem is that an objective usually has not been pin-
pointed before personnel attend these training programs. It behooves a
manager ‘to carefully review and put in writing what he wants to learn. By
contacting two or three manufacturers, he should be able to put together a
list from which he can judge whether NC is justified.

Another area not often considered a training activity is the annual NC
Confererce and those programs presented . at Numerical Control. Society
seminars. Rather than sending your personnel to one of these meetings carte
blanche, why not select specific areas of interest which should be investigated
and suggest' that they respond with a brief. critique of each of the sessions

" they attend? The results could be as valuable—possnbly more valuablc—than

sending them out shotgun style. : ;

You need trained personnel, and you don’t have the money to send out
personnel for all of these fine ideas. But consider that you are tying up an
investment of $15,000 to $500,000. Taking five per cent of an average invest-
ment of $100,000, we have $5,000, which is a relatively ,large sum of money

4
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to spend on training in preparation for the support of an NC system. Five per
cent of a $50,000 investment is $2,500, which can go a long way to train
personnel for your operation. In felat_ion to the total amount of money spent,
isn’t a 5 per cent investment to insure a return worthy of consideration? We
often fail to realize that this is an area that should be considered very care-
fully. Without proper training, you are unable to make your investment
productive.

K



To NC or Not to NC

RICHARD M. PENN
Director of Sales and
Marketing, Moog, Inc.

NC machining centers are commonly considered suitable for low-to-
intermediate-production volumes. The ideal lot size is usually said to range
from 20 to 500 pieces, with annual production of 100 to 5,000 pieces.
Guided by this rule-of-thumb, when a manufacturing manager must produce
quantities from 5,000 to 100,000, his first reaction frequently is to choose a
special-purpose, high-production machine. But this rule-of-thumb is highly
inaccurate and can result in lost profitability.

Special purpose, high-production machines of the type discussed consist of
a dial-type rotary table surrounded by several machining heads that operate
simultaneously. Obviously, such a machine has a higher production rate than
a single NC machining center with only one machining head. But its pro-
ductivity is never in direct proportion to the number of machining heads,
because the total cycle time can never be less than the cycle time for the head
with the longest cutting operation. In addition, since productivity is measured
by the ratio of dollar output to dollar input, machine and associated costs are
important. The investment in the special machine, its tooling and initial set
up, is generally significantly greater than for an NC machining center. Since
this cost is amortized over the number of pieces to be manufactured, its
effect is reduced as the quantity is increased. Therefore, the special purpose
machine becomes more desirable as production increases.

These considerations bring us to the key question: At what production
volume does it become more profitable to select a special-purpose, high-
production machine rather than an NC machining center? A break-even

10



