First, let’s lay the ground
work for a fruitful N/C discussion
by defining the process and the

Cartesian Coordinate method of
measurement on which N /C is bas-
ed. Unless a few basic facts are clear,
any further discussions tend to lead
away and not toward understanding.
Interestingly enough, one of the first
hurdles to the widespread accept-
ance of N/C was a lack of compre-
hension about the concepts on which
it is based. Persons not understand-
ing the very logical foundations of
N/C did not want to reveal their
lack of knowledge by asking ques-
tions. Fortunately this has been
largely overcome but a review is not
out of order, so here it is.

By definition Numerical Control
is the operation and control of a
machine tool by numbers which are
given to the tool through a control
system and which direct some oOr all
of the functions of any given ma-
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chine. Normally at least two dimen-
sional tool movements are SO con-
trolled although control may extend
to as many as six dimensions and
various auxiliary functions such as
selection of tools, flow of coolant,
direction and speed of spindle rota-
tion, and even the turning off of the
machine. The greatest emphasis,
however, is devoted to the position-
ing of the spindle and workpiece in

the proper relationship to each other

to provide for accurate machining.
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RECTANGULAR COORDINATES

Fig. 1—The key to Numerical Control
is-the system of rectangular or Carte-
sian coordinates wherein n
can be described in terms of distance
from an origin point along either two
or three mutually perpendicular axes.
Two dimensional coordinates are limit-

_ed to flat surfaces while the three
.dimensional can describe and locale

any point in space. Plus dfmensiom.are
to the right and up while the minus
are -to the left and down directions.

The units that control machine
tools are predominently electronic
although a number are either hy.
draulic or mechanical. We will not
get into the make up of a control
system as such. This is a specialized
field in itself and not within the
scope or objectives of this series.
Variations of control design or type
do not alter basic N /C concepts.

The medium by which numbers
or numerical values, corresponding
to either positions or commands,
are in nearly all instances fed to
the control unit is an eight channel
perforated tape using a coding
known as the Binary Coded Deci-
mal. There are some control systems
in use that are fed by the perforated
tape using a straight binary coding,
and there are also machines with
control systems having either tabu-
lating card or magnetic tape readers.
Normally the perforated, or “punch-
ed” tape as it is more popularly
called, is considered the standard
but the other input types have cer-
tain advantages that seem to keep
a certain number of them in use.

Actually, any concern about types
of control systems and method of
program input is in a sense a second-
ary issue in that tional varia-
tions may be in but in the
main, neither the philosophy nor
show any significant alter-
ations just because the program in-
put is instead of tabulating
cards or the control unit is electronic

versa.

instead of mechanical or vise




Lates (Fig. 1) conceived by the
French Philosopher and Mathe-
matician, Rene Descartes. For in the
Coo rdinates any absolute position
can be described in terms of distance
from a reference point along three
mutually perpendicular axes. From
this we get the term “three dimen-
sion,” and the semi-mysterious term
«fourth dimension,” used in advanc-
ed science and by science fiction
writers to connote the element of
time, is a very fine tribute to the
basic and fundamental three dimen-
sions in the Cartesian mathematical
developments.

Dimensioning Requirements

So much for the review. Knowing
of course that the numerical inputs
are largely dimensions from a fixed
reference point, or at least a pre-
ceeding reference point within the
scope of the coordinates, just why
should there be any difficulties? Cer-
tainly what difficulties that have
occurred have not been in the devel-
opment of the N /C concept, but are
basically a failure of all involved
persons, including design engineers,
programmers, draftsmen, and even
machine setup men and operators to
see in any given numerical value the
same point of reference from which
X, ¥, and 7 distances are measured.
If we may paraphrase, “10 miles on
a line due north from a fixed point
in San Francisco does not describe
the same location as a 10 miles on
a line due north from a fixed point
In New York City.”

Seven Guideposts ‘

What then are the steps bem%
taken by N/C users to insure tha
the dimensioning language
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Fig. 2—Wijthin the coordinate system,
points or positions may be indicated
by either an absolute or incremental
method. Absolute positions are given in
terms of distance from the origin of the

- coordinate axes. Incremental positions

are given in terms of distance and
direction from the preceeding point. In
the above example, point one has a
value of plus X 3, plus Y 2. Assume then
the center of the cutter, or of the spin-
dle, is located over point one. In the
absolute mode the command would be
to move the cutter to point two, plus
X 2, plus Y 1. In the incremental mode
the command would be in terms of
direction and distance from point one,
thus it would be minus X 1, minus ¥A

pro-

grammer as it does the design engi-

draftsman and the setup
neer, the not all these steps

formally implemented in

ing and ma-
setup. In the very largest there
<Al be specialists for each. But !
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with certainty that the same words
have the same meaning for everyone.

1. Define Part Surfaces _From
Three Mutually Perpendicular

Reference Planes.
Cartesian coordinates; Three D;

X, Y, and Z; call it what you will,
it still comes out the same, and with-
out question is the one univers.al
mathematical approach most easily
understood and best does the job
of establishing reference points,
specific dimension, and precise loca-
tions whether they be a few discreet
points or so many multitudenous
points in succession that in the final
analysis a continuous cutter path is
described.

There was that time when the
world of N /C was young and every-
one was learning, that programmers
used to request that all drawings be
made so they could be visualized in
the first quadrant or the “all Plus”
quadrant of the coordinate system.
The idea was that there would be no
minus dimensions, Then came the
incremental methods of program-
ming where the minus and plus signs
did not indicate values but rather
indicated travel direction along the
axis. (Fig. 2). Close on the heels of
this development came the floa
zero, or zero shift, which meant the
reference or origin point might be
located in the middle of the part
thus forcing minus designations to

define locations to the left of and

below the point of referenc
approach is more and more bec
ing “let’sregust alli: e wh

point of reference 8 1
less of the

have the same U

2. Establish Reference Plap,
Along Part Surfaces Whic;:
Parallel the Machine Axeg

On a typical machine tool the
table will comprise the Xy plane
and almost invariably the workpiece
is loaded so that a flat surface ig
parallel to the table, Likewige a
straight side on the workpiece will
normally be parallel to the machine
X or Y axis. The natural inclinatiop,
of anyone would tend toward follos.
ing the logic of paralle] loading, g,
what has been the problem? Tt isn’t
so much a failure to establish refer-
ences on the workpiece and machine
that are parallel. More than likely
the problem will turn out to be,
“Which planes should be establish-
ed as the reference?”
- The problem arises when, in the
design of a part, the designer estah.
is ence plane, which in




as the theory of N/Cis cpncerned, it
makes little difference if the dis-
tances are measured from some
point on the part surface or from
outside the factory building. For
machining it might be OK, but in
checking there is no substitute for
having the reference point on the
part itself. The operator could also
be the beneficiary of such a policy
especially if he is asked to manually
locate an initial hole or face on the
part. Actually this policy or proce-
dural step has nothing to do with
Numerical Control; its just a point
being charged to N /C to bring about
better overall thinking into the gen-
eral production process.
4. Allow for Concavity When
Flatness Is Not Required on
Surfaces Not Normal to Refer-
ence Planes. i
Translation: On curved or sculp-
tored surfaces it is virtually impos-
sible with either a square or ball-
nosed milling cutter to get a finished
surface which for all practical pur-
poses is perfectly smooth. There will
be cusps and valleys. In theory, per-
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Fig. 3—When sculptoring a surface not
parallel to one of the machine axes it
becomes very difficult to get a perfectl
smooth surface with either a ball nose
cutter or square end mill. Normallx
there will be cusps remaining whic
are then ground away. In planning such
programs with a minimum of program:
ming and machining time, the deepest

part of the cut represents the finished
dimension of the workpiece surface.
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fection could be obtained with
enough machine passes but, as a
practical aspect, the economics of
both programming and machining
time would be prohibitive. The trou-
ble often comes because a designer
heard that an N/C machine has
greater capabilities than a compar-
able conventional piece of equip-
ment. So he then specifies output
results that are totally impractical.
The answer again seems to rest in
a communication with the designer
to have him realize just what are
practical machine capabilities and
act It usually is not

him to change his




Numerical Control . . .

IS NOT ALLOWABLE

and especially if the designer, drafts-
man, programmer, set up man, and
operator are all different individuals.
Note the word allowable; it is very
important. If the finished dimension
allowable tolerances are not Clgar]y
stated f workpiece de-
the succeeding func-

at the time ¢

sign, each o1

tions of drafting, programming, tool
making, set up, or even operation
may introduce

their own interpreta-
tion of what is and what is not allow-
able, The final outcome will have
passed through several opportuni-
ties for error introduction with little
chance of tracing it back to a respon-
sible source, If the designer initially
established the allowable toleranceg
the opportunity for error stil] exis
but there is a “master” Source
against which discrepancies outt 8
verified.

Another observed diffje
been that if allowable toleranceg
not specified at the time of d'es?re
development, drafting may ag tabliL
a tolerance which is then narrowed

ists,

ulty has
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by programming and furthe, n
rowed by tool design so in the eir(i
something that was quite reasongh)
will turn out to be prohibitivels
tight.

6. Dimension the Part So That
Physical Shape Can Be Dete,.
mined Without Calculations qpg
Assumptions.

If the engineering drawing leaves
any calculations or assumptions t,
be made by the part programmer,
tool designer, tool fabricator, mg.
chine tool operator, or quality con-
trol inspector, the chance for errors
are obvious. In spite of all that has
been said about N /C control units
and computers, the fact remains that
they are not in any sense of the word
“mechanical brains.” If the wrong
instructions are given to them, they
will obediently and efficiently do the
wrong things. If dimensions are as-
sumed wrong and so programmed,
neither a computer nor control
system could care less. They will
simply proceed in a most efficient
manner with given instructions.
When we hear of computers or con-
trol systems that can detect errors,

"MILTOWN=4 W
TURN LEFT

ILES THAT wWAY-)
ABOUT SMILES— 33

=0\ THEN ETCETC 4 D L




we are really talking about a set of
conditions placed into either the
computer or control system which
will protect the programmer from
himself by countermanding any bad
instructions that could cause a col-
Jision or other serious consequence.
But in no instance should we ever
think of the computer /control devel-
opments as brains that are going to
do basic thinking.

Thus if a design mistake is made,
and they will be made, and if the
dimension system is such that there

can only be one place to question
any dimensions, there then is only
one place to go to rectify any errors,

There is no merry-go-round between
operators, tool designers, program-
mers, and quality men as to where

and how the problem should be

adjusted.

example a programmer could ask a
computer to calculate the point of
tangency of two circles that are mis-
takenly drawn together but mathe-
matically never meet. A control
system may have three or four dif-
ferent capabilities for generating a
circle path. In other words the me-
thodology of programming must be
compatible with the capabilities of
the computer hardware assigned to
generate the program and the con-
trol system expected to execute it.
Taking it back one step, the pro-

T b have an accurate

7. N/C Requires a Part Descrip- ..

tion From Which a Cutter Path '

Can Be Computed. :

This seems so obvious that it

would seem an exercise in redundity
to state it, but there is more than
meets the eye to this one. For
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