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Anycne ;e2arching the literature on nened wtet senLrol (NC) cannot
go far without reading that NC HAS STARIED I'HE SECOND INDUSIRIAL REVOL~
UI'ION., Such words may at first seem toodramasic to describe the effect
of automating a machine tool (m/c tool), but the excitement is indeed
justified, for NC HAS CHANGED THE ENI'IRE CONCLPLS OF COMPONLNT DESIGN
AND DEVELOPMENT . Whai's more, the greatest impact—-on both design and
manufacturing ~ spparently is yet to come. NC appiiustlons generally
lower the cost of production and reduce tool inveatory, the matier that
causes greab pleasure to the manufacturing management. Or. the osher haad,
the more sophisticated types of NG are CHANGING THEL APPROACH O PROLUCT
DESIGN, and perhaps even the APPROACH TO PRCDUCT PLANNING. Complex Sur-
faces, for example, can now be produced essily and rugidly Wi b hout wr»or,
Designers can use maﬁhe@aﬁical eguations to define ccntours of tne wm/c
shop. Fewer design ccﬁ%rcmises are needed since complex shapes =re <wsgily

specified and produced.

Due to NG, it is now often ecconomical to scuvlpbure intricate com-
ponents from s0lid metal insteadef using welded or riveted structures or
metalforming processes. Also emerging are syscems in which the design
engineer will communicate directly witk the m/c tool through computer -

aided design.
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All thai is required to machine a paert is relative motion between
the cutting tcol and %the workpiece, either by moving the tool against a
stationary workpiece or by moving the workpiece against a:stationary tool.

This motion is achieved in several ways:
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D) MANUAT CONLROL
(23 LRACAR CONLROL
(3) NUMERICAL CONIROL
(&)  TRANSFER CCWiROL

Bzch of those methads has its own confijuicilors, way of opers-
ticn, acvantcges aad disadvaniesges & rcle Ln Intusiryr, In order {0
focus the real sense and application ¢f NCy Yhire mebi2s will g

briefly illustrafed and discussed,

TRACER CONTROL
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(1) MANUAL CONTROL:

—————— - Y -
—— . - . - - - -

Relative motion between cutting tool and workpiece is provided

by an operator turning a leadscrew (or a similar mechanism).

5%133&3%35‘ Low equipment and tool costs

————————— — —
——— — — ——— —— ———

Slow Production

®
* Difficulty of performing complex surfaces
# High costs of labor

E

Frequent human errors

- Role in Industry:

—— . T e TS S T S —

% Requires the least investment, but is considered slow
and costly when large numbers of parts are required.
% Provides the least uniformity and cannot easily produce

complex contours.

(2) TRACER (OR CAM) CONTROL:

In this type of control, position of the cutting head is con-
trolled by a tracer riding against a template or model. Canms or
special fixtures may also be used instead of templates to generate
curves and to automate machine operation.

This type of control is used in cases of machining curved

paths where the cutter moves along two axes simulaneously, and

human operators cannot precisely coodrinate motions of two leadscrews.
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Advantages:

# Complex contours can be generated

% Machines can be equiped for rapid production

Disadvantages:

— e e e m e m e —— ——

£ Is used in cases producing complex contours

s Its use is justified in mass-production operations ﬁsuch as
those found in automotive and appliance industries) because
of costly tooling and set-up.

* More economical where models (or templates) can be built

easily and where large numbers of pafts are required,

(3) TRANSFER LINE:

e

Workpiece is automatically carried along a line where machining

operations are performed successively at a series of work stations,

Advantages:

e ———— -

# Rapid Production
% Repetitive Accuracy

3 Low Labor Costs

Disadvantages:

v —— —— —
" e e L e -

%  High equipment costs, which makes the method economical

cnly for mass production.
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(4) NUMERICAL CONTROL:

=gttt
Principle is similar to manual control, except that precisely
controlled servomotors replace the human operator., Servomotors

drive the leadscrews to produce either curved or straight cuts (de-
pending on the machine tool capability).

Aflvantages:

—— ——— — - -
S e = e . S ——

x Produces shapes that cannot be produced economically by
any other method.,

Provides short lead times

Provides repetitive high precision

Provides low scrap rate

Fixturing costs and labor costs are low

Provides short lead times

I I

Disadvantages:

% High equipment costs
% Need of skilled programmers

¥ Complex shapes require computer assist to program,

Role in Industry:

—— ———— ——— —  ——— o T —

# If the machining of the part is simple, numerical control
(NC) may not be economical unless some 10 to 30 parts are
needed. Below this'number, manuél control probably is least
costly. But for larger quantities, labor savings and more
rapid pfoduction possible with NC usually begin to outweigh
the cost of preparing a tape. For several thousands of
parts, transfer lines (and other special machinery) are
generally faster and more economical than NC AS A RULE OF

THUMB FOR MAXIMUM ECONOMICAL QUANLITIES FOR NC: SEVERAL
HUNDRED PIECES., '
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*® Basic machinery and controls for NC are generally costly.

ASIC TYPsS OF NUnsgICALLY CONPROLLED MACHINES: .

——— o ————
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——— s = ——

generally, in NC, a leadscrew driven by a motor provides motion in
me direction, A second motor-driven leadscrew is put perpendicular to
he first, Through those leadscrews we can position a device within a

IVEND area.

The classification of basic types of NC is based on the type of motors

eing used:

* Synchronized Motors

* Unsynchronized Motors

. CONT INUOUS-PATH NC

—— e e —— ———— o —

This type is based on SYNCHRONIZED SERVOMOTORS. In such cases,
the motors can be coordinated to operate at different speeds always
at some precise ratio to each otvher, then controlled curves or off-

axis paths can be generated by the two motors operating simultan-

eously.

Such machines can produce contours as well as straight line
cuts, drilling & boring. In general terms, they are also required

where any type of curved cutter path is called for

I. POINT-TO-POINT NC

" ——————— — — ——— ————
—— i s s = = - - —

This type is based on UNSYNCHRONIZED SERVOMOTORS. In such cases
only the final leadscrew position is controlled precisely. The posi-
tion of the moving head can be assured only upon completion of a move-

ment, or while only one motor is running.
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Such machines are used for:

# Straight line cuts (only one motor running)

% Other operations that can be performed at a given position
(all positioning motors stopped) such as:
- Drilling

- Boring

FUNDAMENTAL DIFFERENCE BETWEEN THE WO IYPuS OF NC:

—— = — — — Y —— S T — S s S G S Gu GHD GHG SR Gwn S S SN S S S Swe S = == = —= ==~ —— —= == == =2 =% NN
P T T e e e on o o on o o = oo = 0 G S S w0 S Gu S0 Gk o Gme G Gp S0 G50 S G S0 S S S = 50

Suppose the motors were instructed to move the machining head from
a point A of coordinates (2,0,0) to a point D of coordinates (0,1,3),
(FIG. 2) the machining heads would move there by different paths:

For Point-To-Point m/c's:

All three servomotors would begin operation, then each would shut
off on reaching the proper station for its axis. Thus, motion goes as
follows:
* The three motors working simultaneously would carry the head
from point A (2,0,0) to point B {1;1,1)
Then the y motor is stopped

% The head would be carried to point C (0,1,2)
Then.the x motor is stopped

3 The head is finally carried to point D (0,1,3)
Then the z motor is stopped.

For Continuous-Path m/c's:

All three servomotors would begin operation, running continuously

at speeds proportioned to generate a straight line from A to D directly.
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Given below, typical uses for each of those classes in.the two NC

areas of operation:

TWO-AXIS, POINT-TO=-POINE m/c's are generally used for parts requir-
ing limited boring, drilling, or straight line milling, such as:

¥ Drilling holes in a gear blank

THREE-AXIS - FIVE AXIS, POINI-TO-POINT m/c's are typically used to
mill and drill parts such as:
*® Engine blocks and pump housings

* Carriage fitting for jet transport

CONT INUOUS-PATH AREA

—————— —— — — — — . G S S -
T T T o o o = o e e o W o s S e e S S

TWO-AXIS, CONTINUOUS PATH m/c's are generally used to sculpture links,

cams, brackets and "t yo-dimensional structural members, such as:

% Precise contouring of impeller walls

THREE<AXIS, CONPINUOUS PATH m/c's provide three-dimensional form for
parts, such as:
* Machining frames with ribs and rings

* Engine nacelle fairing (for research aircrafts)

FIVE-AXIS, CONPINUOUS PATH m/c's are are used for parts where design

is tied closely to mathematical descriptions in three dimensions, such as:

* Carving out pump impellers
# 0 " compressor vanes
5 Spacers (sculptured from a tube)

In most of machining operations, more flexibilisy can be achieved by

shifting the part from machine to machine to pick up whatever features each

e
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has to offer, As an example, a pump housing may be shifted from a

point-to-point machine (where numerous off-axis holes are drilled)

to a continuous-path machine (where a compound-curve surface is milled).

CLASSIFICATION OF NC ACCORDING TO THE NUMER OF AX&S AVAILABLE FOR

- S e St s S G — T — - S T ot S S S - s Wt S G S T S et S ot G} S o Gt S Y o bt P e St B o D S S B S o S o o S o e o . o

e ot - — ——— — —

Whether point-to-point or continuoué—path, the capability of
NC m/c depends on the number of axes in which it can operate. In
specifying motions the conventional three-dimensional Cartesian co-
ordinates are used, with motion along and about each of three axes.
M/c‘s operating in more than three axes nearly always have continuous-

path capability, but sometimes are used for point-to-point work.

GROUP A of sketches illustrates three different cases each

with different no, of axis

GROUP B of sketches illustrates what NC can do in each of

the three cases.
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Point to Point

Cdnﬁnuous Path

TWO AXES

Movement or stepped mo-
tions to any point ‘on a
plane.

THREE AXES

Movement or stepped mo-
tions to any point in
space, but with constant
orientation of cutting
tool.

FIVE AXES

Movement or stepped mo-
tion to any point in space
with cutting tool oriented
at any angle.

GROUP 4
FIG. 3
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What NC Machining Can Do

Point to Point

Continuous Path

WO AXEs

L)

SIraight-line ¢ : . :
dilled (or b uts on a plane, or holes of equal depth

ored, tapped, etc.) anywhere on'a surface.

——

THREE AXES

Mraight-line cuts in three dimensions, or parallel-axis
wles drilled to any depth from any starting point.

Contours in three dimensions, but with cutting
head held at a fixed orientation.

.!,"aigh"“fle cuts in any direction, or holes drilled
om any surface to any depth at any orientation.

GROUP B

FiG.

4

Continuously controlled motion and orientation
of cutting tool anywhhere in space. Ruled sur-
face (similar to that of a curved and twisted
ribbon) possible with o.ne pass of the tool.
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MANUAL PROGRAMMING & COMPUTER PROGRAMMING ¢

N e e e e e e b e ]

Programming is the process of writing the group of instructions
telling the numerically conirolled m/c where to move the cutter in order
to form a part. This involves the following:

(1) Defining the part to be cut.

(2) Describing the sequence of m/c'g operations needed to obtain

the final shape.

(3) Defining the location of the tool relative to the w/p during

each of the m/c'g cperations,

(4) Describing the sequence of events which occur as the location

of the tool changes.

From this definition, we might expect programming not to be difficult
since it seemz merely to involve defining the surface of the part to be cut,
the sequence of cutting operations and necessary tools, Actually program-

ning is not this simple.

The complexities of programming derive from the necessity of defin-
ing preciscly where the tool is to be at any given instant and the great
number of mathematical calculations required to determine these points, The
degree of complexity spans from the simplest algebra to the most rigorous
solid and analytical geometry. The time required for their manual execu-
tion is commensurate with the degree of effort required. And this can be

both speeded and simplified with compucter assistance.

Another difficulty then occurs in combining this information sbout
the tool movements with machining instructions in a format which a parti-
cular combination of machine tool and control system will understand. Com-

puter programming will automatically tuke care of this..
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A third complexity arises from dimensional considerations. Sirnce
the cutting vool has a radius, the path of the tool centerline (not the
part surface) must be defined for the m/c. This added wrinkle may make
it difficult to program even relatively simple two~-dimensional shapes.
In most cases, the tool offset calculations require only trigoncmetry,
but the computations are so tedious and time-consuming that the required
Wanpower is costly and errors are frequent, The alternative is to let a

Comput er make the tool-offset calculations.

Based on this analysis, we notice that there are two types of pro-
gramming:
1l - Manual Programming

e # Computer Programming

—— i —— o ——— 7 o — - ———
s e v e > S S i —— G

Manual Programming is widely used in industry, and the method
contains the fundamental elements upon which the computer program-

ping uwethods are based.

Basic Reéuirements In Programumers:

N8 ‘Machining knowledge

= A Mind With Logical Thought Processes
- Good Visualization

- Attitude & Maturity

- Good Knowledge of Trigonometry & Arithmetic

Ul & W N

6 - Background In Computer Programming

Generally, the prdgramming operations can be classified as follows:
A . Selecting T'he Cutting Tool
B ;  Calculating The Cutter Path

Cc . Specifying The Machine Parameters.
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There are frequent gages where the part to be produced ls of
complex shape needing complicated muchining operations. In such
cases, manual programning ceases to be practical and we have to

ask our sincere find, the computer, for desperate helpl

Computer Programuingt

- . - - . S Sy b S S -
. - . S - - S - —

Before starting our brief presentation of computer progruaning,
we would better bear in mind the following remarxs:

l- The computer cannot think, but it can do whatever we
tell it to, and it is progrmmed by the smartest brains.

2 - The computer can do no more than what a mén can do; but
it is infinitely faster and does not get tired.

3 - The computer never makes a mistake unless he is program-

med incorrectly. Then it will stop and tell us about it.

More than linelﬁ, he will tell us exactly where the
mistake is.

Instructing The Computer

——— —— - — - — Py s D A2 T T, P o o o
e e e e = LT 0N i o e it en e 1 o e e o S S

—————
—

We can describe the part to be machined in the appropriate NC
language (some of which w;ll‘be mentioned in the next chapter), and
in seconds the computer will do all the mathematical calculations
and prepare (by means of %he postprocessor) a tape for the machine
tcol coded in the format that fhe tool will accept and understnad.

’ \

The computer does more than|that, too. For example, if there
is a long departure to make, it khwos how much the machine Hool we
are using can taxe in one step, and breaxs it down into shorter
segments if it is needed. Same thing about spindle speeds; %f the

programmer calls for a spindle speed that the machine cannot |produce
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the computer finds one that will work, So it is with feed -
‘rate, too. The computer woun't let you go too fast if the macnine
cannot go as fast as you would like to, These are only a few

of the things that the computer knows about the machine and con-

_trol system through the postprocessor,

PROGRAMMING LANGUAGES
S==S===z====ms=Dimozz=zs

There are perhaps dozens of computer languages for programming
NC equipment,  Some languages are designed only for simple point-to-
point work;  others for continuous path operation. While most programs
are designéd for general-purpose use (processor and post-processor are
separately used to allow the output to be used for any control system),
some others are designed for specific equipment (in such cases there is
no need to separate processor and post processor). Some programs can be
used only on particular computers; others can be used on a variety of
Clmputers, In very particular cases, prdgrams are developed within a
single company to meet special needs. Among this wide array, the lan-

Euages given in the following table are considered to be major languages.
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NAME MEANING %‘ﬁ?ggl‘, LXEs APPLIED | REMARKS DEVELOPED & USED
APT Automatic Programming for Continuous 5 IBM 7090 MII, IIT & IBM
Tools Path UNIVAC
CDC

AD.APT Mini APT u n 2 | IBM 1620 |Not Widely used
AUTOSPOT | AUTOmatic SPOtting of Tools|Point-To- IBM 1620 |Used For MillinglIIT & IBM 1963

Point IBM 1130
PROFILEDATA Continuous 2% | ICL 1900 FERRANTI (ICL)

: Path
AUTOPOL AUTOmatic Programming: Of " n 2 IBM 1130 IBM (very Recent)
: Lathes IBM 360
2C,L 2 axis Continuous one axis n " 2 | UNIVAC Subset & Exien-| FERRANTI (ICL)
straight Line ELLIOT Sion of APT
ICL

EXAPT I Point=-To-. D Used for Dril-

Point ling
EXAPT II Exceptional APT Continuous | 2 | IBM 360 " " Tyrn- |3 German Institu-

Path ing tions
EXAPT III S n 2% n " 2% D

Contouring

‘AT -

CamScanner 5 Ligs d> guaall


https://v3.camscanner.com/user/download

In the field of Numerical control (NC), general purpose programming

sysbems consist of two parts:

l - A Programming Language
2 - A Number of Computer Programmes

THE PROGRAMMING LANGUAGE:

4 e e s - - - ——— - —

In used to describe:
1- The geometry of the part to be produced

2 - 'he tools to be used
) = The tool motion to cut the desired part

——— ———
d 3 e e ——

—_—_———— [ ——

P e ol - fpev e miute)

1~ PHE—PROCESSORS
s the first set of programs., This is used within the computer
to interpret the statements written in the programming language
by the part program, evaluate them and calculate a general

solution,

THE GENERAL SOLUT ION:

———— o ———— — — — T — — —— — ——

Called "CUTTER LOCAIION DATA", is the result of geometric cal-
culations which were executed to solve the problem of calcula-
ting the path of one geometric body, the TOOL, over anather
geopetric body, the PART. The General Solution is M/C TOOL
INDEPENDENT. It will be stored on an intermediate storage de-

vice such as disc or magnetic tapee.
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2 THE POST PROCESSOR

—— — ——— o ————p——_ t— — —
G S - — . S —— ——— o — —

Is the second set of programs. It is used to adapt the
general solution generated by the processor to a specific
M/C tool with a specific concrol unit. This is generally

supplied by M/C tool manufacturer for each of his Machines.

The Relation between those different parts are shown by the follow-

ing chart :
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How the Tape Talks to the Machine Tool

Feedback Hydraulic

device
mofor

Hlydraulic
/VI'UC

v | ;
Hydraulic
reservoir

Controller

General

Purpose
CampuTﬂT

Conversion

Tart

T’ragr-‘lm Equ;pmcr\f

?;ogram Ca rd
Manuscript Punch

Magnetic
Tape

Processer
Program

Fast~
?YOCQ ssSov
Program

Machine-
Tool
Control
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II

III.

v

—2-1_

STRUCTURE OF PART PROGRAM

—————————— —— — " ——— ——— ——
—— e ————— — — ———— o (=

CONSTANTS:

1., Type of M/C, either a or b
a) Standard M/C (Path control M/C)
b) One Dimensional M/C (Track conirol M/C)
2. Actual Power of the M/C
2 Maximum Torsion The M/C can stand
4, Cutting Reaction
Se. Proportional Factor
6. Preceding Spindle lable

Ls Post Processor Indicator

TOOL DETAILS:

———  —— ———————
—— e

1, Type of Used Tool Set
2. Description, Specifications & Dimensions, of anh Used

Tool as required by post processor.

AVAILABLE SPEEDS OF MOVING PARTS:

— ———— —— —— —— — — T ——————
o ———— — — —— — o —— Y S

1. Before Machining (Blank)
Za After Machining (Final Shape)

MACHINING OPERATIONS:

Full Description of all Machining Operations (In The Right
Sequence & In Specified Direction)which have to be performed on

the blark to arrive at the final shape.

In the next few poges, an illustation Using The AUTOPOL is

Presented,
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IBM Autopol Tool Statements (Imperial)
& Sheet 4 of

TodLS
Part name Part number Program number Material Machine number Date Programmer
ELSHAFET
Serial Tool name Tool number Tool length Setting Effective Off centre Diameter Cutting Container | Tip Max dth| Tool Tool posn Max Cutting angle
no distance length 3 radius radius angle of cut width index federate Start End
Ins Ins ins Ins Ins Ins Ins Deg Thou Thou Thou/rev| Deg Deg
123|456 7 8 9(101112131415]161718 1920 21{222324252627{2829 30 3132 33|34 35 36 37 38 39}40414243 44 45]46 47 48 495051]525354 55|56 57 58|59 50 61 62 63 64 65|66 67 68 691707172 73|74 75 76§77 78 79(80
Olo|1i|P|A[R|T|N|® 3
0[o[2|SIA|M|P|LIE| |PAIR[T| |PIR®|GIRIAIM| tF[®|R| |CleH|p|u|TIEIR? [SiC|T]|ENIC|E| |C|P(NIFIE|R|EINICIE
4 ojo|2 PRI PlGIRIAINMIE[D| 18|Y| |E|LISIH|A|F|E|T
f 0|0|3HA |C|H|1|N i
s olo|4|P|¢ W|E|R 2/0 !
z olo|5|c|T|rlEAC 2lolo ’
& olo|6|T|o|R|S 1|o|o el »
r4
8 0(o|7|P|R|O|P|F 30 1
{ olojg|P|P 1
009 |DE[T|R|T|LS| |RE|QU|TRIED| |B]Y| TTIH|E|l |P¢iS|T| |P|RIPICIESIS|PRI>[S|U|C|H tAS| |T|HIE| |Plo|S|T|T|zio|N| |91F] [TiH|g| |clHiulc|x] |I]N| |%
o1{o|REILIA[T[I|PIN| [T|o| [TIHIE| |C|¢|M|PIP|NE|N|T| 1C[9|QR[DIIINAITIEL |S1YIS|TIEM|>[AlY| [81E [AP|DE|D| [Clo|njvie|vz|e|n|TLlyt |AlT *
. oll|1|TH|T|s| |P|¢|TIN|T| |1|N| TTIHIE| |PRIPIGIRIAIM ¢t 11| |
t o lolil2lHelelils = 1 :
v ol 3DR|T|L|L 4|of1]2 12 317|5 0 115 2:0 oo | |1|2|o|3 0 1 55| | o] | |o
: o/t|4|sh|rlgHIT 6lo| [eft[2|5] | l6ti|2]s 5 o 0 413[7|5| loto[2 o|3l1]2 o 2| |15+ [1]8lo] [4|5
& loltisiF|alc]e zlo| |2t2|s 212|5 9(919(9/9]2| |o 0 3t2|5 0$0|2 o3|z |5 ot 3| |1]5¢ |2[7]o] |90
= oj1|€|T|ulr (N 10| |2¢t|2|5 2¢1|2|5| [9/9¢9|2|2(2] |o ) 242|5 010(2 o|3|7|5] 0 1(1] |3los [2|z|0|1]|2]0
B [oljrlelrlelx glo| [2h[2[s| | [2fi]2fs| | |1}2]s 0 o 3{0 ofo[1 of [lo| o 1[2| [1]o} [2[7lo[ [9]0
|
12 3]4567 8 91011121314 151617 1819202122 2324 25262728 29 30 3132 33[34 35 36 37 38 39|40 41 42 43 44 45[46 47 48 49 50 51[62 53 54 55|56 57 58|59 606 1|62 63 64 65|66 67 68 69]70[71 72 7374 75 7677 7879180

UK form 3-697 ) -
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le—_ SPINDLE SPEEDS

3 e
_— 1 " MACHIMING
Part nams Part number Program number Material Machine number Date Programmer '
’ , ELSHAFEI
\
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IBM Autopol Machining Statements (Imperial)
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PROCESSOR

- ————— ——
- ———

Contzins a series of Instructions & Logical lests used ©0 calculate

Individual cuts (using Information In part Program), checks the feasibi-
lity of each cut and of all cuts together. If there are any errors, they

are printed out. The errors might be due to one or more of the following

items:

Incomplete, or missing, blank specification
Incorrect Geometry description

Invalid Tools' Specification

Invalid Feedrate or Speed

Invalid Machining Operation

Invalid Initial Blank Setting

A Missing Part In the Part Program

B e £ 0 O W
N N N W N

If there are no errors, PHASE 1 generatest

a) CONIOUR PABLEs Full accurate detalled descriptlon of the
finally wachined part including all dimensions, showing all
special features such as Bevels, Urooves, Undercuis, counter=-
ginks if any is present in vhe part.

b ) MACHINING TABLE: Detalled description of exact sequence of

machi.lig operations using the right tools for specified dis~
tances and depths of cut,
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PHASE II:

The processor performs further checks to see whether the machining
of the part altogether is feasible or not, Such as: Machining of adjoin-
ing Surfaces, Sequence of Machining Directions, kxistonce of Stochastic
Machining Operations (which have to divided into shorter and easier opera-
tions), Invalid Finishing, Invalid Grooving or Beveling, checking whether
roughing comes before finishing (for different faces) or not. If there

are any errors, they appear on the printout and post processing is inter-
rupted, In case of Warning errors, post processing continues.

PROCLSSOR SOFTWARE:

Bt 34t 333

The processor is composed of a deck of FORTRAN IV statements include
ing all the Instructions & Validity lests Necessary to perform :he pro=
cessor functions previously analyzed. The necessary SUBROUTINES for ol f=
ferent cutting actions, tools placing and moving, adjusting feeds and depth

of cuts; special Purpose subroutines are also included such as, for example,

* Subrout ine For Reaming
Subroutine For Thread Cutting
Subroutines For Grooving:

1) Ordinary urooves
<« 2) Grooves With Bevels
3)

Grooves With Inclined Roots.
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As an example, the IBM AUTOPOL PROCESSOR is composed of 8000
FORTRAN IV cards stored on a disc, a FORTRAN IV COMPILER is need-
eda

HARDWARE NEEDS:

—— o —————————
e - G ————— ———

Needs differ according to type of processor, the IBM AUTOPOL
PROCESSOR needs, on the minimum:

2 DISKS
1 DISK

IBM - 360/25 DOS 32K
or IBM - 1130 Monitor 16K
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NC TAPES:

———— o ——
= e o - —

Although control information for an NC system may be on punchedcards,
magnetic tape, or any of the data-processing media, eight channel tape is

one of the most commonly used forms.

Each machine operation is represented by a "block" of information on
the tape. Cutter path information (coordinate values), codes for auxiliary
functions, and feed and speed values have %o be combined in control blocks.
The function of the postprocessor is to form those blocks in the core memory
of the computer in the format that is required for the control unit utiliz-
ing the tape. Blocks are usually punched ten-by-ten on the tape and there
are (at least) 10 blocks in the core storage kept for probability of altera-

tions due to m/c tool dynamlcs considerations. Tl ol BT Ty

o~

On the tape, blocks are separated by an end of block notation. The
following tape shows an example of a tape from Dynapath Tape Preparation

Manual (Bendix Industrial Controls Div., Detroit, Mich., USA).
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TAPE CHANNEL CHARACTER
47 6 54 3 21 DIGIT OR CODE DESCRIPTION
L—
(o} o 0 Digit 0
o o] 1 Digit 1
o (0] 2 Digit 2
(0] o 00 3 Digit 3
00 4 Digit 4
o] o0 O 5 Digit 5
o 00O 6 Digit 6
c0000O0 7 Digit 7
0o 8 Digit 8
Q0o (o] 9 Digit 9
00 o 0 a Angular dimension around x axis
00 o (0] b Angular dimension around y axis
00O o 00 c Angular dimension around z axis
00 o0 d Angular dimension around special axis or third feed function
00O o0 0 e Angular dimension around special axis or second feed function
000 o000 f Feed function - ‘
00 0000 g ~ Preparatory function
00 Oo h Unassigned
0000oO0 0 i Distance to arc center parallel to x.
0 O o o j Distance to arc center paraliel to y.
0 O o (o) k Distance to arc center parallel to z.
0 (0] 0O m Miscellaneous function
0 oO 0 n Sequence number
0 0o o0O00O0 p 3rd rapid traverse dimension parallel to . -
0 O 0o q 2nd rapid traverse dimension parallel to y.
0 Oo (o] r 1st rapid traverse dimension parallel to z.
‘00 o (0] s Spindle speed
0 o 0O t Tool function Ly
0O 0O u Secondary motion dimension paraliel to x.
0 ocO O v Secondary motion dimension parallel to y.
o 00O w Secondary motion dimension parallel to z.
oo 00O00O0 X Primary x motion dimension
00O0o y Primary y motion dimension
0 O o 0 z Primary z motion dimension
00 0 o 00 y Decimal point
000o 00 , (comma)| Unassigned
" o V (check) | Unassigned
Y00 o + Positive sign
P o = . Negative sign
: 0O o Space Unassigned (used as leader with panty)
"000000 (o] Delete Error delete
o Carriage return End of block (execute)
00oooo0o0 Tab Tab
Oo 00O Stop code Rewind stop
0% o Tape feed hole Leader
: = o) / Slash code
- M ”W ) .h
i FiG. 8
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POST PROCESSOR

—— ey = o g - - —
-—— g . S . G = - —

As a result of PHASE II, information is obtained on a CLTAPE (or
CLFILE). The CLTAPE and the post processor (usually stored on a disc
or a magnetic tape) are fed into a computer together.

Here the post processor takes the data defining the previously
calculated path of the cutter and adapts it to:

(1) The specific m/c Tool that is to produce that part

(2) The specific make and model of NC system used to run that m/c.

In more simple terms, the post processor does (automatically at a
very high speed and accuracy) what a human would do if he were an expert

" ih the particular combination of m/c tool and control system involved;

knowing the capabilities, operating procedures and limitations of the m/c

tool; being experienced in the format and coding that the control requires,

What Does A Post Processor Do?

—— —— ——— ——— T . G =y S . G — S T T S T ———
o . S — e G G e S S GED S0 G S P SIS G SIS GuN W S

(1) Takes the data from the CLTAPE and tailors it to the particu-
lar metalworking equipment to be used.

(2) Checks limits of travel (to make sure the programmer hasn't
programmed the work table off the slides of the m/c!)

(3) Checks the speeds and feeds and dynamics of acceleration.
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(5)

(6)

..34;.

Interprets the auxilisry commands such as:
Cooldant control

Spindle control

Tool change _
Position of Indexing Table
Feed control

Tool Load

Tool Length

Position of the Turret
Machining Tolerance
Rewinding the contrcl Tape

Delay Time

CI A T I R

Program End

Recognizes and conflicts between the part program and the m/c

v s 3 _ s
tool and makes compromises if possible

Encodes all thig information into the special Language of the

particular mske and model of control that is to be used.

As a result, a printout ig produced containings:

(1)

(2)

(3)

A complete guide Ho the entire progranm

Information needed ¢ help the programmer in trouble -

shooting or to guide in operating the machine

Error & warning messages.
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In case of nd errors, a paper tape is produced containing all neces-
sary information to operate the controller which, in turn, operates the
m/c tool. A special Plotting subroutine can be called, it causes a graph

plotter to produce an image of the machine tool in its final shape.

Writing Post Processors:

Post Processors are supplied by the m/c tool manufacturer for a
particular type (or class) of machines. To write the post processor,
it takes about 2-3 man months with experience in programming and n/c vool
operation. To show the enormous amount of work involved in writing iv,
if we consider computer commands, a typical post processor includes Lrou
8000 to 10000 commands on the average.

ECONOMIC ASPECTS OF NC

——— — —— — ——— ——— T —— o o S b o
—— — ———— — — —— — — — — — — —— — — —

In this section, I will analyse the cost- of NC in comparison with

conventional manual production and transfer line way of production,

We know that conventional manual production,.numerical conirol and
transfer lines each have different initial costs, il.e. preproduction costs.
These costs include the costs of preperation, tools and fixtures and fixed
overheads. The additional costs per piece, made up of labour costs, machine
time ‘costs and variable overheads, will be falling in the same order as the
initial costs are rising. Thus there must be‘limits of batch sizes some-
where within which each method of production is more economic than the other

Two.
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There limicing batch sizes can be found by plotting a graph

in ace
cordance with this figure:
TOTAL
COST ¢
H -
CP = Conventional n, ¢ 10
Production n, = 300
MP = Mass Production _
NC = Numerical Control

N

| ros

™ M2 QUANTITY
FIG. 9

When the initial costs plus the costs per piece are plotted against

batch size, a straight line is obtained for any of the three production
methods.

Points C, N & M indicate the initial costs for conventional Produc-
tion, Numerical Control (comprising programming costs) & Mass Production

(comprising tooling costs).

It can be seen that along the portion AB of NC line, NC is more eco-
nomic than either of the other two methods.
The two break - even points 1 and 2 will decermine the smallest batch
n, and the largest batch n, respec.ively, for which NC can still be consi-
dered. Analysis of actual data available so far indicates that
10
.nl ®
n, = 300
Those figures are nos necessarily per batch, because most of the ini-
tial costs are in the preparation of the tape, which can be convieninthy

Stored for repeated use.
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Phe smaller numbers will penerally apply where vhe wovkpliuces ore

complicated and the larger numbers waere the components wre simple,

In general, NC machine tools can be looked upon as a bridge beiween

manual and mass production and therefore have a very wide application

potential. The accuracy and speed of NC wachining adds a weighing foc-

tor to the importance of its implementation.

CONVENTIONAL PRODUCTION | NUMERICAL CONIROL

DRILLING

Holes In Condenser 2172 Hours 350 Heours
Tube Plates

TIME FOR OPERA-

TING a 100 Time Units 40 Time Units
Drilling M/C

COST OF OPERAT'G

Multi-Operation £ 150,000 per year
M/C

£ 111,600 per year
(equiped with auto-
matic tool changing)

NC AND MANPOWER

——— ——— T GuD - — — ——

NC implementation does not mean, for a single moment, to sack the old
blocks and replace them by a class of intellectuals., Normally it is poss

sible to train existing labour for the new duties. Machine operatcrs find

that the job is less tiring, as the monotony of repetitive mentail and phy-
sical work has:been removed. There is less scrap and more pride In work.
The handling of a NC machine is somehow similar to handle a car: it
gives both satisfaction and status. The present production engineer is a
good candidate for becoming a programming engineer and consultants should

find no difficulty in establishing good relations with svaff and labour.
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INFLEUNCE OF NC ON:

- ————— — ——— —— . ——— — g
- - G T G S G —— -

- ——— ——— - — ——— - —
S s e S ——— T D TS G P W W S G S —— s

The reduction of time taken by operators to obtain jigs and equipment
from stores, coupled with savings on setting up times for each operation,

gives greater productivity.

MACHINE OPERATOR

T - ———————— —————
- —— - S S = —— —— ———

The machine operator's responsibility for producing a correct batch
of components is greatly reduced. Depending on the sophistication of the
numerically controlled machine, feed rate, spindle speeds, depth of cut,
tool selection, operation sequence and, in fact, complete machining times

are nominated on the tape.

All operations are carried out in relation to one another. Previously,
setting up of subsequent .operations and locating in fixtures was done by

the operator.

With this reduction in responsibility, reliability for the fewer fun-.

ctions still carried out by the operator is greatly increased.

SETTING TIMES

-——

—a e — —— e —

All feed rates, spindle speeds, rapid traverse, machine cycles, stops
and miscellaneous functions such as coolant 'on/off' are automatically set

by the act of placing the tape on the tape deck.

On conventional machines, the machine operator or setter is respon-

sible for all these functions.
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REDUCTION OF SCRAP AND REJECILS

Higher production standards and accuracies are now bheconing quite
common. Numerically coptrolled machines mect these requiiemencs on a
production basis and miniﬁize human error which resulevs in scrap and
sometimes heavy rectification at the assembly stage. bkxisting plant
does pot incorporate built-in repeatability or all production elements

and this is often the cause of a high scrap rate.

REDUCTION OF INSPECTION TIME

—— —————— — — — —— S — p—————— — ——— — T —
——— s - — — — — — i —— S s . t——— — —

Repeatability alone automatically saves a considerable amoua’ cf
time. Only one inspection is necessary (instead of the usual check after
each operation) and as the inspector's confidence in numerical control

grows, this, too, is sometines eliminated.

PRODUCTION RATES

Fully programmea aumerical control can often be well in excess of
three times faster than manually operated machines - particularly when

applied to conventional short run metnods.

It also gives a consistent production rate and eliminates the majority

of time lost through fa@igue allowdnces and so on.

In short, the first component, the twentieth and the hundredih will
be identical, and there will be no new learning period wiunh a change of

operavor,

HANDLING COSTS

——— - o o o
S o o —————— ——

Handling costs are reduced because all component operations are pro-
duced at the machine centre. Using convenuional methods, operations on
components are spread around the works in different machining sections

and are therefore constantly being handled and transported.
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SPACE UTILISATION

Because a machining centre replaces several conventional machines,
large savings are made on floor space, Only one area around the centre

is necessary, compared with work areas around numerous machines when us-
ing conventional methods.

This results in savings in building costs, rates, heating and lijght-
ing. Further savings are made because less stores space is needed for
tooling.,

STOCKS AND WORK IN PROGRESS REDUCTIONS

Economical batch sizes can be drastically reducgd by as much as 5:l,
This reduces stock and work in progress, freeing capital for other pur-

poses.,

Reduction of work in progress also reduces floor space required and

internal transportation needs,

PAPER WORK REDUCTION

Paperwork costs today are high, Numerical control reduces this be-
cause fewer drawings are necessarye. Overheads are cut further by reduc-
tion in the number of process sheets, internal orders, job cards, and

Piecework calculations.

LEARNING CURVE

T - ow o — - - = ———
e e

When small quantities are repeated only two or three times a year,
possible production times are never reached on conventional machines
because the operator never .reaches the stage in learning to get optimum

results,
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With a numerically conurolled machine centre, the 'know how', opera-
tor rhythm and reflex action is in the tape. High production rates are
therefore attained immediately.

$ We
=}
>
N ,
Z  FIG. 10
| e | s .
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NUMBER. OF COMPONENIS .

GOMPONENT PROGRESS FUNCTIONS

— e ————— — — ———— — — —— o —— ——— — S — S S

Most machine shops are departmentalised: milling section, planing
section, boring and drilling for instance. Progressing through this type
of shop involves a progress man dealing with individual sections and a
number of foremen or chargehands. This leads to difficulties in obtaining

firm delivery dates for components making up a product,

With numerically controlled machining centres, where all operations
on a component are completed at one time, progressing only involves one

department and one supervisor,

COMPONENT IN[ERCHANGEABILITY

Because of the inherent repeatability of numerically controlled
machines, replaceable components - for spares — can be made in small

batches without tooling.
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REDUCTION OF LEAD IN TIMES

T Ty—— = o
e A N e

Lead time is the time taken from issue of drawing from the drawing
office to the actual cutting of metal., With numerical control, tooling
is kept to a minimum and this makes the first major contribution to the

reduction of lead in time., '

Numerically controlled machines accept instructions with speed as
well as accuracy and without the need for a lot of special tooling.

Other intangible cost savings ~ such as improved learning curve and
reduced handling costs - are often greater than directly measurable sa-
vings.

Compgnpnt modifications merely entail a few hours work on alteration

of the tabe compared with the long time delays with tooling redesign and

alteration.
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SHIFT WORKING
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With conventional machining, it is often difficult and sometimes
impossible to use the two or three shift system eéonomically on batch
production. This is because of the necessity for duplication of setters
or skilled operators and in many cases, the need to refer to such ser-

vices as the drawing office, planping and rate fixing.

Numerical control obviates all of these.
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