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CHAPTER I 

INTRODUCTION 

Until recently the maximum efficiency of a machine in 

operation was no more accurate than its operator. Presently, 

the human factor in the operation of any machine is considered 

vital to the machine's accuracy and its consistency of pro-

duction, which is most demanding in this age of automation. 

Due to the rapid technological developments, there is a more 

precise manufacturing technique tailored to metalworking 

needs. This new operating technique is commonly known as 

numerical control. 

Under numerical control, a machine can operate faster, 

more accurately, and with greater consistency than can the 

most skilled machinist. Numerical control provides a means 

of directing some or all of the functions of a machine auto-

matically from coded instructions. The instructions are 

generally stored on tape and are fed to the controller through 

a tape reader. The controller interprets the coded instruction 

and directs the machine through the required operations, 

thereby producing parts of greater quantity, quality, and 

substantial tool savings (7, pp. 1-14). 



Statement of Problem 

This is a study of numerical control, its application, 

and. the design of a numerical control program for a drilling 

machine. 

The study sought to obtain information on the function 

of numerical control; the different types of numerical con-

trol used by industry; and, the advantages of using numerical 

control. More specifically the study attempts to answer the 

following questions: 

1. How does numerical control operate a machine? 

2. On what kind of machines may numerical control be 

adapted? 

3. What type of drawings are used with numerical 

control? 

4. How is a program prepared for numerical control? 

5. What terminology has been devised pertaining to 

numerical control? 

6. What kind of tapes are used with numerical control 

and how are they prepared? 

7. What type of drive controls are used on machines 

utilizing numerical control? 

8. How is gauging and inspection accomplished by numerical 

control? 

Background and Significance 

Man is commonly referred to as a tool using animal, and 

the hand tools served their purposes well until greater demands 



were made for more and more products. As a result of 

necessity, man produced single machines which required the 

training of operators. Before the Industrial Revolution, 

the apprenticeship system of education was predominant. At 

the turning of the nineteenth century labor-saving machinery 

developed rapidly, more especially in the textile industries. 

Thus the factory system was introduced, resulting in the 

moving of home industries to factories (2, pp. 270-271). By 

the middle of the nineteenth century, most of our present 

machines were invented; however, some were not fully developed 

until the early nineteen-hundreds. Production equipment 

developed rapidly but became somewhat inactive until World 

War II, Under tremendous pressure of war, many new tools and 

techniques involving automation were developed. 

Numerical control, as a concept, was originally sponsored 

as the Digiton by Parsons Corporation, Traverse City, Michigan, 

under a contract with the Air Materiel Command (6, p. 6l). 

The first construction of an experimental milling machine was 

begun in 19^9 at the Servomechanisms Laboratory of the 

Massachusetts Institute of Technology. Beginning in February, 

1952, the analysis of machine operation and economic evalu-

ation of numerical control as a technique was sponsored by 

the Air Materiel Command's Manufacturing Methods Branch. The 

analysis was also assigned to Massachusetts Institute of 

Technology and continuous study is underway. More recent 

studies include information processing and automatic programmed 



tooling for machine tools (3» p. 13*0. On June 6, 1955» 

public demonstrations were held to prove the numerical con-

trol system, christened Numericord, which became a working 

reality (1, p. 148). 

Three types of control may be applied to the operation 

of machine tools. They are as follows: 

1. Simple Control. This system consists of having a 

human being stationed at a machine and operating directly 

from a blueprint. Such conditions would result in (a) low 

speed; (b) low production requirements; (c) large tolerance; 

(d) simplicity, meaning a minimum number of simultaneous 

axial movements of the machine tools; (e) a low-cost material 

for parts, if high production output is required; and (f) a 

minimum of accessories (4, p. 239). 

2. Cam or Templet Control. In this type of control 

(a) higher speeds are possible; (b) higher production require-

ments are possible; (c) it is still restricted to simplicity, 

because of the tolerances involved in templet production and 

correlation; and (d) more expensive material can be used to 

make the parts (5, P* 31)# 

3. Numerical Control. As a new control concept, 

numerical control is not just a part of automation but a 

totally automatic manufacturing process; it is the foundation 

of a manufacturing revolution (3. p. 137). 



Definition of Terms 

The meaning of certain terms as used in the study are 

defined as follows: 

1. Numerical control: Numerical control provides a 

means of directing some or all of the operations of a machine 

automatically from coded instructions (7, pp. 1-lty). 

2. Numerically controlled machine: The machine which is 

directed by coded instruction. 

3. Instruction: A word or part of a word which tells 

the operator to perform some operation (8, p. 103). 

Instruction code: An artificial language for ex-

pressing or describing the Instructions which can be carried 

out by the computer (8, p. 103)# 

5. Machine language: A set of symbols, characters or 

signs, and the rules for combining them, which conveys to a 

computer instructions or information to be processed (8, p. 103) 

6. Magnetic tape: Tape made of metal or plastic coated 

with a magnetic material on which information can be stored. 

7. Patch: A section of coding inserted into a routine 

to correct a mistake or alter the routine (8, p. 10^). 

8. Program: A sequence of steps to be executed by the 

computer or control to solve a given problem. 

9. Programmer: A person who prepares the planned sequence 

of events the computer or control must follow to solve a 

problem, but who needs not necessarily convert them into de-

tailed instructions (8, p. 10*0. 



10. Read: To gain information, usually from some form 

of storage. 

11. Readout: The manner in which a control displays 

the processed information. It may "be digital visual dis-

play, punched tape, punched cards, and automatic typewriter 

(8, p. 105). 

12. Signal: Information relayed from one point in the 

control system to another. 

13. Zero position: The zero position of a machine 

table is arranged to be with the table fully forward and to 

the left, or moved to the rear and to the right. The program 

is, therefore, arranged with the point of origin at the for-

ward, left-hand corner, or the rear right-hand corner of the 

work piece. 

1*K Servomotors. A servomotor is an electric motor 

which rotates and aligns itself in response to a distinct 

signal or command received through the magnetic programmed 

tape (8, p. 95)» 

Limitations 

There are certain limitations which are necessary in 

order to conduct the study; they are as follows: 

1. The study is limited to the numerically controlled 

machine involving the drill press, lathe, and milling machine, 

2. It is limited to the development of a plan of the 

numerical control program for a drill press. 



3. The study is further limited to the use of posi-

tioning programming only. 

k. The programming is limited to a five-place posi-

tioning with the finishing of each hole as specified. 

Related Studies 

In examining the literature no related studies have been 

found since the use of numerically controlled machines has 

only recently "been introduced into industry. However, there 

are operation manuals which have been developed and are pro-

vided by manufacturers of the numerically controlled machine. 

The manual provided is for one specific machine and does not 

apply to any other machine. The manuals, in general, do not 

lend themselves to the purpose of this study. 

Procedures of the Study 

Data were collected through responses to letters and 

visitations, as well as books and library materials located 

in the North Texas State University, University of Texas, 

University of Houston, Rice University, and Southern Methodist 

University libraries. All data and material received were 

carefully studied to determine their usefulness in developing 

this study. All significant materials will be discussed in 

this study. A drawing of a simple project will be developed 

and utilized in producing a numerical control program; the 

program will include the positioning type control for 



8 

procedures and operations required in producing the project 

involving the use of a drill press. 

Organization of the Study 

This study lends itself to five natural divisions. 

Chapter I consists of an introduction, statement of problem, 

background and significance of the study, definition of terms, 

limitations, related studies, and procedures of the study. 

Types and functions of numerically controlled machines are 

discussed in Chapter II. Operation of the numerically con-

trolled machine is discussed in Chapter III. A suggested 

plan and the development of a point-to-point program for a 

numerically controlled drilling machine are presented in 

Chapter IV. Chapter V consists of the summary, findings, and 

recommendations.• 
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CHAPTER II 

NUMERICAL CONTROL 

Function of Numerical Control 

Numerical control is the precursor of an era in manu-

facturing in which communication will be addressed directly 

to a machine rather than to a person who in turn directs that 

machine. Numerical control actually activates the machine 

automatically from coded instructions stored on tape and fed 

to the controls through a tape reader. 

Types of Numerical Control 

Numerical control is a system in which machine actions 

are controlled by the direct insertion of numerical data at 

some point; the data being information expressed by a set of 

numbers, or symbols, that can assume only discrete values or 

configurations (8, p. 8?0). 

Three major types of numerical controls for machine tools 

include (1) random-travel positioner, (2) finite point-to-point 

of machine-tool slide, also known as numerical positioning 

control, and (3) continuous control of several slides; this 

type of numerical control is called numerical contouring con-

trol, wherein its relative positions and velocities must be 

controlled ($, p. 135)• 

10 
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Random-travel positioner is the simplest numerical con-

trol of the three. Random-travel positioner is used primarily 

for hole location and sequencing, or to direct an automatic 

riveter. This control simply selects points on a surface 

without regard to the linear travel between points. Machine 

tools, such as sequence of a stretch press, commonly use 

random-travel positioner system (5. p. 135)• 

Point-to-point or positioning control is fundamentally 

a point-locating system. It is used to locate a point, or a 

series of points, "by moving independently in two dimensions 

called X and Y, without regard to the path of their motions, 

to meet at the desired point. While that point is reached, a 

third vertical motion called Z may provide the depth control. 

Only the end point is important since the tool path is not 

controlled. The positioning controls are controlled over 

the linear path traveled. In other words, the motion from 

point-to-point is in a straight line. Machine tools, such as 

drill presses, jig borers, boring mills, riveters, turret 

drills, turret lathes, turret punch presses, step turning 

lathes, spot welders, component placement or assemble machines, 

grinder, shears, commonly use the positioning system 

(6, pp. 93-9*0. 

Contouring or continuous-path control systems are con-

sidered the ultimate. They encompass the most complex control 

problems which, when resolved, will automatically resolve most 

of the problems of random-travel positioner and r>r>Ri -m rmi 
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control. Contouring control can be said to provide an in-

finite number of discrete positions so that a predetermined 

continuous path is generated in the surface of the work. 

Contouring control is an order of complexity higher than 

positioning. In contouring, the path of the tool through the 

work is very important. In order to determine the desired 

contour (curve), the two dimensions X and Y, or the three 

dimensions X, Y, and Z, are needed and must be closely co-

ordinated. They must be synchronized by the system after 

being put into the control system as individual dimensions. 

Contouring numerical control is used where the position of 

several slides must be controlled so that their relative 

positions and velocities, at every point and continuously 

through the operation, must be established (12, pp. 10-27). 

Contouring controls are more complex because they create 

a shape, or form, rather than locate a point (7, p. 115)* 

Besides the three basic dimensions (X, Y, and Z, or length, 

width, and depth) of the primary axes, contouring numerically 

controlled machines may provide three more axis of rotation 

around each of the three primary axes for a total of six. 

These additional axes are in a sense controlled pivotal points 

to provide greater maneuverability sometimes needed to achieve 

the proper positional relationship between the tool and the 

work (11, pp. 1-7). Contouring systems are used on skin 

mills, profilers, flamecutting machines, contour lathes, and 

spar mills (13, p. 89). 
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Advantages of Using Numerical Control 

Numerical control is a great step beyond conventional 

automatic control. Not just a new system, numerical control 

is a fundamental philosophy of communication. Heretofore, 

complete machine operations have been automatically executed 

under control with built in cams, limit stops, templets, 

masters, and metered hydraulic systems. For this reason, 

tooling and setup of numerically controlled machines often ' 

are elaborate, time consuming, and costly. Such costs can be 

absorbed when large quantities of the same part are being 

made, but it cannot be justified in short-run production. 

Blueprints are not necessary with numerical 
control because the dimensions or formulas for a 
given component can be fed directly to the machine, 
or through a computer and director. One of the 
major advantages of continuous-path control is that 
mechanical components having ideal engineering 
characteristics, hitherto impossible to machine, 
are readily produced. And they can be inspected by 
the same system when completed. Thus we bridge the 
gap between "engineering desirable" and "engineering 
achievable." However, for today and the immediate 
future, much more valuable is the ability of the 
controls to minimize setups, increase machine ca-
pacities, run equipment continuously, repeat without 
error and reduce rejects (5> P. 137). 

Numerically controlled machines are playing a great part 

in the tooling industry. Some of the advantages are provided 

through the various functions of the numerical control and 

are as follows: 

1. Accuracy, a reduction in operator errors, and the 

high performance capability of numerical control equipment 

afford extreme accuracy not attainable on conventional 
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machinery (3» p. 24). Numerical control will operate a 

machine tool to the highest limits of its tolerances, thereby-

producing very close tolerances in the part. Greater accuracy 

means reduced weight, excellent interchangeability, and sim-

plified assembly (4, p. 248). Close tolerances can be achieved 

without dependence on highly skilled toolmakers. Parts up to 

thirty-six inches long can be produced to tolerances closer 

than 0.005 inch. Normally, tolerances of hole patterns and 

profiles are held to tO.OOl or 0.002 inch (10, p. 117). 

2. Scheduling is more easily controlled in numerical 

operations, since manufacturing time on a given part can be 

forecast more accurately than with a conventional machine, 

where the human element often exerts a wayward influence 

(9» P. 63). 

3. The numerically controlled machine eliminates the 

need for jigs and fixtures to locate and guide the tools; also 

the machine simplifies directing streams of coolant properly 

for efficient ctitting (2, p. 88). This saves time and money. 

And the absence of ji^and fixtures means that costs are 

further reduced. Where there are no jigs and fixtures, more 

space is available for chip disposal (6, p. 93). 

4. The input data of the numerically controlled machine 

are automatically recorded without human transcription error 

for comparison with the original inspection (1, pp. 301-305). 

5. Parts or tools can be made within a few hours after 

receipt of the design drawing. Design changes are effected 
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with comparable speed, virtually eliminating long lead times 

(10, pp. 117-118). 

6. The toolability characteristic of numerical control 

equipment eliminates the need for complicated tooling and 

the related tool handling and warehousing. Correspondingly, 

the manufacturing cycle is shortened through a reduction in 

the tool design and tool fabrication operations. The use of 

simple tooling also reduces machine setup, enabling increased 

machine utilization (3, p. 24-). 

7. Proper dimensioning with numerical control in mind 

eliminates the need to re-dimension drawing during planning. 

This nonproductive work may consume seventy to eighty per 

cent of the planning time (10, p. 118). 

8. Numerically controlled machines eliminate the trans-

ferring of parts from one place to another. 

Management, in its acceptance of numerical con-
trol, can look forward to qualimatically controlled 
machine parts and near optimum machine production 
rates. This situation can prevail while operating 
at minimum production, or up to a point of maximum 
production. By this method, floor to floor time 
can be reduced from approximately thirty to eighty 
per cent by transferring and storing the machine-
operator's skill to the tape, as these skills are 
basically machine settings, running time, and prior 
cut checking against the cuts to be made (k, p. 250). 

9» Savings on direct and indirect costs are even more 

significant. 

A projected study of numerically controlled 
automatic cycling indicates that, on quantity pro-
duction, operating costs can be reduced by a ratio 
of five to one. Consequently, reduction of comparable 
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labor costs indicates an eighty per cent dollars 
saving gained over the former semi-mechanical 
method of production (4, p. 248). 

On the conventional line, a universal milling 
machine milled the base of the part; a six-spindle 
drill press produced twelve holes; and a tapping 
machine tapped six of them. Production rate was 
0.̂ -36 hours per piece. Setup time was 2.2 hours. 
Milling and drilling fixture cost was $1,037.00 
and planning took eight hours. On the tape-
controlled line, parts are made in 0.166 hours 
each, setup time is one hour, and work-holding 
fixtures cost $>637.00. Planning took forty hours. 

The net savings are considerably greater than 
indicated because in both these cases, savings in 
indirect labor, scrap elimination, inventory re-
duction, better quality, and shorter lead time are 
not included (14, p. 109). 

10. Another advantage is the economical use of the more 

expensive materials, because the decisions required for op-

erating the machine have been transferred from the operator 

to the tape (4, p. 239). 

11. Numerical control provides full utilization of the 

most complex machine tools, with a minimum of simultaneous 

axial operation (11, p. 7). 

12. Rapid interchangeability of control equipment from 

one job to another can be obtained by simply inserting a new 

set of previously prepared instructions (5, p. 144). 

13. Fully automatic performance of all machining op-

erations which lie within the capability of the basic machine 

tool can be maintained (5, p. 144). 

14. Higher production requirements are possible with 

the unlimited use of automatic accessory control (4, p. 239). 
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15. Instructions do not deteriorate with use, are 

readily modified through patching techniques, are conveniently 

stored, can be shipped anywhere with speed and economy, and 

may be transmitted between plants by conventional teletype 

circuits (1, pp. 229-256). 

Numerical control as a tool, and as an economic develop-

ment, is no different from any other newly introduced pro-

duction equipment with which industry may not be familiar. 

With an understanding of the numerically controlled machine 

and proper application of its process, industry will advance 

through its application and use. 
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CHAPTER III 

OPERATION OF NUMERICALLY 

CONTROLLED MACHINE 

The first step of procedure involving a numerically con-

trolled machine is the drawing of the part to be made. Next, 

the programmer makes a list of the X and Y coordinates or 

other dimensions for each salient point. They are written 

in a table form which is called the numerical control program 

chart or programming manuscript. The program chart is then 

given to a copy typist who prepares the tape with the aid of 

a teletypewriter. While making the tape, a normal typed copy 

of the list is automatically provided so that the typist may 

check the information. When the punched tape is fed into the 

tape reader, with the workpiece mounted on the table, the 

cutter or drill bits inserted and the machine switched on* 

the interpolator generates the necessary analogue or digital 

potentials for controlling the servomotors, and the machine 

tool immediately starts to cut or to drill the part. The 

machine automatically stops when the work is completed. 

Drawing for Numerical Control 

The making of drawings for a numerically controlled 

machine .does not require any new methods. Mechanical drafts-

men are quite familiar with the drawing which has a point of 

20 
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origin to which all dimensions are referred. Drawings are 

necessary to avoid the introduction of cumulative errors. 

Since a two-dimensional system is much easier to explain than 

a three-dimensional one, the remainder of the description 

relates to the two-dimensional system, unless specifically 

stated otherwise (12, p. 1361). 

Drawing, prepared primarily for parts to be 
produced on 3-axis numerically controlled machines, 
should preferably be a two-view othographic projection. 
The principal view normally shows the profile or plan 
view surface to be numerically machined. The designer 
determines the number of points to be used in con-
junction with the tool planner. Quantity of points 
need only be sufficient to completely define the part. 
Usually a numbered point is required where a change of 
direction of a line or surface occurs. This is not 
unlike dimensional requirements of the conventional 
drawing system. In any event, the first consideration 
of the designer is the functional integrity of the 
part. Suitable dimensioning for this purpose will 
supply sufficient surface control.for numerical 
planning. 

Drawings prepared initially for numerical control 
programming need be extremely accurate only when a 
system is used whereby information on the drawing is 
transferred directly to tape. Glass cloth might be 
used in such an application. Conventional vellum 
drawings, however, are sufficiently accurate to check 
point coordinates and functional accuracy of a given 
design (20, pp. 89-90). 

Programming for Numerical Control 

Programming consists of transferring information contained 

on a drawing or a blueprint to a program chart and should be 

done by a person who is familiar with general machine shop 

practices. The programmer must be aware of the main operating 

features of the numerical point-to-point positioning control 

system and/or the numerical contouring control system, which-

ever is being used (10, pp. 91-93). 
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The program chart is the written story of all the moves 

and dimensions which occur in the operations on a workpiece. 

This includes both direction and distance of movement on 

dimensions. The tape is prepared from this chart. The 

program chart is also used as a guide by the operator when 

machining the workpiece (6, pp. 96-97). 

Typical numerical positioning control programming charts, 

which are used in different makes of numerically controlled 

machines, are presented in the Appendices A, B, and C. 

All numerical control program charts do not use the same 

form. However, the information on the program charts is 

basically the same. The arrangement of the information on 

the charts is dependent upon the type of machine being con-

trolled or operated by the numerical control unit. 

The program chart consists of several columns with some 

of the following headings: 

1. Sequence Number. This is a simple statement of the 

sequence of operations, punched into the tape. An illuminated 

number display on the console helps the operator to check his 

written program sheet with the actual position of the tape in 

the console (11, p. 113). 

2. Preparatory Function or Code. This is a code or 

function comprising letters and numbers to differentiate 

between the various cycles of drilling, milling, tapping, 

cutting, welding, grinding, and boring. The preparatory code 

differs according to the type and the make of numerically 



23 

controlled machines. The preparatory code is basically used 

to identify different types of automatic machine operations 

(11, p. 113). For example: 

The G. E. Mark 103-P is designed to operate in 
one of seven fixed modes. Each mode is programmed 
by the letter "g" and two digits. 

g80 Cancels Fixed Cycles. 
g8l Drilling Sequence. 
g82 Selective Drill (Facing Sequence). 
g84 Tapping Sequence. 
g85 Boring Sequence. 
g86 Milling Sequence. 
g87 Tape Programmed Deep Hole Drilling and 

for Retract Foiling Milling of g8o. 

All fixed cycles are retained until changed by 
programming a different cycle or until manually re-
set by pushing the "Control On" push button on the 
operator's panel of the control. After being pro-
grammed, the fixed cycle will take place automatically 
after each table position. Consequently, after pro-
gramming a fixed cycle, only the table coordinates 
of the holes are programmed and at each coordinate 
the given fixed cycle will be performed. The type 
of drilling or tapping operation required will de-
termine the fixed cycle to be used p. 5)» 

3. Miscellaneous Function. This includes coded infor-

mation such as spindle start or stop, selection of depth 

settings, tool change, coolant on or off, air blast on or off, 

end of tape (program), and the other functions depending upon 

the type and make of the numerically controlled machine being 

used (11, pp. 113-115)' 

k. Feed Function. The definition of feed in reference 

to a conventional milling machine is. 

Theoretically the feed of a milling cutter is 
the thickness of the chip per tooth of the cutter; 
that is, the distance the work advances against each 
succeeding tooth of the cutter. In milling machines 
having a constant-speed drive, the feed mechanism is 
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usually independent of the number of revolutions 
of the cutter, and in these machines the feeds are 
arranged to move the table a certain distance per 
minute (3t PP» 208-209). 

In numerically controlled milling machines the milling 

feed is a two-digit code number representing the feed rates 

in inches per minute. The feed rates are automatically con-

trolled by programmed tape (7, p. 7). 

Control is set up to operate modified binary 
coded decimal relays in machine magnetic panel 
weighted 1, 2, k, 8, 10, 20, kO, and 80. These 
relays will operate feed rate devices calling for 
feeds of 1, 2, h, 5, 10, 20, and ^0, i.p.m., 
respectively; therefore, feed rates from § to 491-
inch per minute in i.p.m. increments may be pro-
grammed. The feed rate number then equals 2 times 
the feed rates in inches per minutes. Two digits 
must be programmed. Thus 3 i.p.m. is programmed 
as f06 (4, p. 9). 

The spindle feed of a numerically controlled machine is 

a two-digit code number representing the spindle feed in 

inches per revolution (7, p. 7). 

5. Spindle Speed. The spindle speed entry is a two-

digit code number representing the spindle speed in revolutions 

per minute (10, pp. 93-9*0. 

6. Tool Number. Tool number is a two-digit entry which 

indicates to the operator the type of tool which appears in . 

the block where it is being used (7, p. 7). 

7. "X", "Y", and »Z» Position. The "X" and »Y" two 

columns indicate the location in which the part will be 

machined. "Z" column indicates the vertical axis or the up 

and down motion of the drill bit, tap, milling cutters, and/or 
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the other tools, depending upon what kind of machine is being 

used. 

Various motions of the positioning table and the 
turret are referred to the "X", "Y" and "Z" Motions 
and/or Axis. When reference is made to the "X" Axis 
or "X" Motion, as the case may be, we will be re-
ferring to the left to right or longitudinal travel 
of the table, while the "Y" Axis or "Y» Motion, as 
the case may be, will refer directly to the IN and 
OUT travel of the table, or the Transverse Motion. 
The "Z" Motion will be referred to as the Vertical 
Axis, or the UP and DOWN Motion of the turret head. 
The Zero Reference Point for the "Z" Axis is that 
point which takes the turret the furthest distance 
away from the table in a vertical motion (̂ , pp. 1-2). 

Both the "X" and "Y" axis data entries are five-digit 

dimensions with either a plus or minus sign. Heck states 

that: 

The entries indicate how far and in which di-
rection the spindle center or the machine point must 
be from the reference zero. For example, with the 
X-data entry of -00750. "the table must travel 0.750 
inch to the right in order to place the workpiece 
machining point 0.750 inch to the left of the 
reference zero. Similarly, with the Y-data entry of 
+007501 the saddle must travel 0.750 inch to the 
rear. 

Decimal points are never used; the entries must 
be preceded by a plus or minus sign; and values for 
all digits {even though some of the values may be 
zeros) must be entered in this tab sequential type 
of manuscript and tape format being described. 
Entries are made only when the previous entry is 
changed. For example, if the X axis requires motion 
but not the Y axis, the programmer makes an entry in 
X-data column and leaves the Y-data column blank. 
The control retains the previous Y-data entry for 
reuse (10, p. 95)• 

Programming for point-to-point or positioning numerical 

control does not require the use of higher mathematics. An 

experienced programmer should have considerable experience 



26 

with the operation and application of the mechanical counter-

part of the numerically controlled machine tool. The ability 

to read drawings and to know how to select correct feeds, 

speed, and cutting tools, as well as an intimate knowledge 

of machine tool capabilities and limitations, are the attri-

butes desirable for optimum tape preparation. The programmer 

is, in effect, a machine tool operator running a machine by 

Jotting instructions on paper. Practically all subsequent 

procedures required are actually clerical in nature (10, p. 94) 

The following supports this statement: 

Programmer must know or develop correct machining 
data such as cutter types, feeds and speeds. Other-
wise, a major benefit of tape control is lost. In 
addition, since minimizing setup is a major objective 
of tape control, planner must be ingenious in developing 
general-purpose fixtures and work-holders (16, p. 118). 
Some machine tools are more complex than others in 
their operation; programming of their tape-controlled 
equivalents also varies proportionately in complexity. 
For example, it requires mere machining skill and a 
longer time to program a vertical turret lathe through 
a series of operations than is necessary to prepare a 
set of hole locations for a numerically controlled 
positioning table (10, pp. 94-95). 

In a numerical contouring control system, computing, 

programming, and interpolating are preparatory functions for 

numerically controlled machining operations. Programming in-

volves numerical definitions of the part to be cut and the 

machining operations to be performed. Then, computing trans-

forms the definitions to give necessary data for the tool 

center path, factoring into the calculations the size and the 

shape of tool and accuracy of the desired part. Interpolating 
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is used to expand the computed data into continuous posi-

tioning information. These data are used to provide con-

tinuous control of the machine tool and automatic operation 

of each controlled machine feed in accordance with the con-

tinuous positioning information supplied to the control from 

the punched tape (20, p. 89). 

Programming time requirement varies, depending upon how 

simple or complex the work which is to "be programmed. For a 

simple point-to-point, positioning program, the programming 

may take only an hour. For a complex contouring program, the 

programming may take several weeks. 

Language for Numerical Control Programming 

Language used for programming of numerical control con-

stitutes quite a problem. There are various kinds of language 

used according to the numerical control manufacturer. 

There was general agreement that American standard 

language for numerical control programming should be adopted. 

APT (Automatically Programmed Tools) was the most likely 

candidate. APT language is best for complex multi-axis work; 

somehow, it is not suitable for simpler work such as two-axis 

contouring and point-to-point or positioning programming. There-

fore, a compatible sub-set of APT is brought out (9. p. 125)* 

Special features of APT programming can save 
both programming time and machining time. Programming 
improvements have been known to save 25 per cent of 
previous N/C floor to floor time. Defining certain 
sequences as "macros" and calling them back again 
when desired in the sequence can avoid the need for 
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spelling out the whole sequence again. This technique 
can be used to achieve "looping" routines where re-
petitive geometric configurations can be repeated 
(sometimes with different dimensional values). 

APT "mesh of points" routines can be used to 
determine body surfaces between template check planes 
on shapes such as auto parts and the dies therefor 
(13, p. 66). 

ADAPT is a sub-set language for two-dimensional (or axis) 

contouring, but this program has not had updating since its 

release in the middle of 1965. As a result, individual im-

plementations of ADAPT are beginning to diverge (9. p. 125)# 

REMAPT, essentially the ADAPT computer-assist 
parts programming language augmented for remote use 
in time-sharing applications, was described by 
Joseph Albert of GE. Written for the GE 625 com-
puter, this program is expected to be completed later 
this year,, It will include various sub-routines to 
further relieve the human NC parts programmer of 
drudgery, such as "path optimization" which will let 
the computer decide the most efficient route for 
sequencing the positioning at the various coordinate 
locations on a part (8, p. 1^5). 

AUTOSPOT is the language for programming a point-to-

point, positioning numerical control. 

AUTOSPOT is the most widely used computer-
assisted programming language. But this is the 
product of a single computer manufacturer (IBM), and, 
as such, it is incompatible with the computers of 
other manufacturers. What is needed is a computer-
independent point-to-point language that could be 
processed either by an APT-programmed large-scale 
computer or by a more modest computer programmed for 
the sub-set (9» p. 125)• 

Tape Making for Numerical Control 

After the programmer has completed the program chart, it 

is given to a typist who reproduces it with a special typewriter 

which is designed for the purpose of numerical control tape 
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making. This special typewriter not only furnishes a typed 

page but also produces a punched tape from a small unit called 

tape punch. The tape punch is attached on the side of the 

typewriter (15. p. 120). This special designed numerical 

control tape making typewriter is called a teletypewriter. 

The teletypewriter is provided with an error key, the de-

pression of which causes the maximum number of holes to be 

punched in the given line (12, pp. 1361-1362). 

Programming tapes are either made of paper, Mylar-plastic-

coated, or aluminum-plastic laminated. The various tapes are 

further described as follows: 

Paper tape easily becomes soaked with oil from the atmos-

phere around the machine and causes holes in the tape to 

gradually become elongated or frayed; this action causes mis-

location or incorrect control signals. Paper tape has a useful 

life of about twelve readings (1, p. 89). 

Mylar-plastic-coated tapes are more expensive than the 

paper tapes, but are not affected by oil and therefore have 

a much longer effective life. Each programmed Mylar-plastic-

coated tape has a useful life of about five hundred readings 

(1, p. 89). 

Aluminum-plastic laminated tape is the finest tape used 

in numerical control because it is not effected by oil and it 

has a useful life up to twelve hundred thousand readings 

(19, p. 122). 
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Various sizes and types of punched tape have been used 

in different makes of the numerical control system. A standard 

physical dimension and character coding punched tape was 

adopted by the Electronic Industries Association and was em-

ployed by most numerical control systems manufacturers and 

users in year 1962. The Electronic Industries Association 

Standard punched tape is a one inch wide, eight-track tape 

having the coding shown in Figure 1. The individual tracks 

are designated by numerical values of 1, 2, if-, 8, and 0; also, 

by "X" for certain codes (it is not the X-axis motion), "L" 

for end of block and »P" for parity check. The parity check 

is used to provide an odd number of holes in each line, which 

aids in detecting malfunctions of a tape reader (10, p. 93). 

The eight-track, one inch wide standard Electronic 

Industries Association punched tape is favored since it permits 

use of a readily interpretative code and it can provide more 

flexibility than the five-track tape used in communication 

applications (5. p. 65). 

Samples of Electronic Industries Association Standard 

one inch perforated tape are presented in Figure 1. 
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1 2 4 8 H 0 X L (LEVEL DESIGNATION) I 2,3 4 5 678 

1 2 3 4 5 6 7 8 

LINE 

SPACE 
DELETE 
CARRIAGE RETURN OR END OF BLOCK 
BACK SPACE 
TAB 
END OF RECORD 
TAPE FEED 
BLANK TAPE 
UPPER CASE 
LOWER CASE 

UiULUiJ 
(LEVELS) SPROCKET HOLES 

Fig. 1—Standard coding adopted by E.I.A. for one inch 
wide, eight-track tape used for numerically controlled 
machine tools. 

Tape Reader 

The numerically controlled machine is equipped with a 

tape reader. While the programmed tape is placed into the 

tape reader, depress the switch to "ON" position. The tape 

reader will begin to read the tape one block at a time (13» 

p. 62). The tape is read by a photoelectric reading device. 

The reader translates the punched holes into electrical im-

pulses which are subsequently simplified and decoded. The 

decoded impulses operate the drive motor of the axes for the 

machine. 

There are two distinct means of reading the 
information from a punched tape. One of these is 
the dynamic method in which a small group of holes 
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Is- sensed at one Instant and. the Information so read 
is stored. The tape Is run until this buffer storage 
unit accumulates a sufficient number of digits for 
the machine to accomplish one operation. 

The static reading method, on the other hand, 
eliminates the need for buffer storage. The punched 
record is already a storage medium, and the greatest 
reliability will be obtained when the storage capa-
bility of the tape is used. The tape is moved into 
position and stopped; then, all the data necessary 
for a single operation are read at one time and that 
data presented to the machine continuously. When the 
machine operation has been completed and checked, the 
tape can then be advanced one field or block so that 
new information may be presented (14, p. 120). 

In other words, the punched tape signals directed to the con-

trol system will cause the machine to sequence its actions in 

the manner conceived by the process planner (13 f p. 62). 

Drive Control for Numerically 
Controlled Machine 

The drive control is a motor driven unit which auto-

matically operates the machine, depending upon electrical 

impulses directed to it by the tape reader. When the punched 

tape is placed into the tape reader, the workpiece mounted on 

the table, the cutter, drill bits or other accessory inserted, 

the switch is then turned to the "ON" position. The inter-

polator generates the necessary analogue potentials for con-

trolling the servomotors, and the machine tool Immediately 

starts to mill, drill, tap, cut or bore the part. 

Control is through feedback tranducers geared 
to each leadscrew to convert shaft positions into 
electrical output that provides continuous position 
measurement. A reversing motor on each axis drives 
the screw through two sets of electro-magnetic 
clutches and brakes. Digital converters connected 
to each leadscrew through drive clutches signal the 
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table location to a memory register in the control 
panel. This compares slide locations with command 
data stored in the memory unit. 

Converters have five-digit gears with ten contact 
segments that count leadscrew revolutions, controls 
on motors, clutches, and brakes are signalled to re-
duce speed and stop at final position (6, p. 97) • 

After the wo_k is finished, the machine switches itself to 

"OFF" position (12, p. 1362). 

Gauging and Inspection by 
Numerical Control 

Numerically controlled gauging and inspection machines 

have been recently developed by certain numerical control 

manufacturers. Major functions performed by those numerically 

controlled gauging and inspection machines are positioning 

the gauge heads, gauging, and recording the gauge readings 

(2, p. 92). The gauging and inspecting ability varies 

according to the make of machine. Most numerical controls 

have two- and three-dimensional coordinates that provide an 

operator with a fast digital readout which moves a probe to 

each of the key positions on the finished part to be inspected. 

The part to be inspected is securely fastened to a flat 

table. Suspended above it is the inspection probe, a metal 

cylinder with a pointed tip. A suitable tip is selected for 

the part being inspected. The probe is moved to an initial 

reference point where the "X" and 11Y" readouts are set to zero. 

The probe is then moved progressively to the various inspection 

points. As it moves, its position is sensed by an optical 

grating which has a thousand lines per inch. The 
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probe also moves in the vertical direction for "Z" dimension 

measurements. Pulses are sent to digital counting circuits, 

which activate the readout (17, p. 133)• 

. . . the system can measure the inside, the outside, 
and the thickness of parts of any shape - simulta-
neously. Controlled "by a roll of punched tape, the 
gauging styli can "be positioned at any point on angle 
to within 0.0001 inch in the gauging range of 20-inch 
in length and height. And accuracy of wall thickness 
is within 50 millionths of an inch (18, p. 77). 

Numerically controlled gauging and inspection machines 

can automatically record comparison with the original parts 

without human transcription errors. Most numerically con-

trolled gauging machines do not require special setups, 

gauge clocks or special masters (2, p. 91). Compared to the 

conventional gauging and inspection method, numerically con-

trolled gauging and inspection machines can save up to 

ninety-five per cent of the previously required working 

time (18, p. 77). 
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CHAPTER IV 

SUGGESTED PLAN FOR A NUMERICALLY CONTROLLED 

DRILLING MACHINE 

Planning of Numerically Controlled 
Drilling Machine 

Selecting a numerically controlled machine can be one 

of the most important decision facing the management of a 

company. Before an intelligent selection of a numerically 

controlled drilling machine can be made, management should 

seek the aid of personnel familiar with the production needs 

of the company and should analyze its own future plan in terms 

of the types of numerically controlled drilling machines 

available. 

There are three basic approaches to the selection of a 

numerically controlled drilling machine. They are* 

1. Purchase a new drilling machine with a numerical 

control system. Buying a new numerically controlled drilling 

machine has obvious advantages; the drilling machine and the 

numerical control system are well balanced and adapted to each 

other. Often, it is possible through investigation to de-

termine the experience of other firms with similar equipment 

and thus appraise the suitability for the program at hand. 

Cost of the investigation is the primary obstacle in this con-

sideration (5» pp. 63-6*0. 

37 
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2. Retrofit existing drilling machines with a purchased 

numerical control system. It is possible to retrofit by 

replacing a numerically controlled table on the drilling 

machine with a complete numerically controlled point-to-point 

or positioning table package, or retrofitting can be done by 

removing the manual controls from a drilling machine and re-

placing them with servomotors and the other elements of 

numerical control systems (6, p. 102). 

3. Another approach is in-plant development and con-
I 

struction of both a drilling machine and a numerical control 

system (5» p. 63). Obviously, in-plant development and con-

struction calls for experienced personnel thoroughly familiar 

with all aspects of numerical control. 

A numerically controlled drilling machine must perform 

as desired: it must be relatively trouble-free; its operation 

must not endanger people nor damage the 

product; it must be easily maintained; its cost must not be 

too high for the function it serves (^, p. 93); and it must 

conduct greater accuracy with limited tolerance. 

A numerical point-to-point or positioning control and the 

drilling machine it controls must be considered as a combined 

piece of equipment. The accuracy of the combination is the 

important end result. Mechanical limitations in a machine 

can contribute considerable errors and must be considered in 

evaluating over-all performance. For this reason, it is 

equipment or the 
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desirable that the numerical point-to-point or positioning 

control "be applied through the factor coordination before 

mechanical and electrical design is attained. It is im-

portant that only the accuracies and speeds of point-to-point 

or positioning control actually required and practically 

attainable be specified. For the most economical and effec-

tive combination of machine and control, the proper evaluation 

of the foregoing functions is essential (1, p. 68). 

Programming for Numerically Controlled 
Drilling Machine 

One of the purposes of the studywas to develop a numerical 

control program for a drilling machine. A component con-

sisting of a rectangular plate with five positions was selected 

and utilized. 

Drilling and tapping the five holes in the component 

illustrated in Figure 2 serves as an example of a programming 

problem of point-to-point or positioning drilling machine. 

Program details are given in Table I. The Electronic 

Industries Association standard programming language was used 

in writing this program. The preparatory function and mis-

cellaneous function by the Electronic Industries Association 

are presented in Appendix D. 

Initially, the component is located on the drilling 

machine table with the longer side parallel to the "X" axis, 

or left-right movement, and the shorter side parallel to the 

"Y" axis, or in-out motion. The actual position of the part 
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on the table does not matter for the programming, but it 

should be located for ease and speed of loading (2, p. 144). 

For this example, it is assumed that it will be set in 

two inches from zero along the "X" axis and one inch along 

the MYM axis. All dimensions will be taken from this absolute 

zero point lying at the left-front corner of the table. 

The holes are numbered 1, 2, 3. 4, and 5 for recognition 

purposes and to indicate the order in which they will be 

machined. The first sequence number 001 is written on the 

program chart. Next, the type of cycle the machine has to 

perform to accomplish the required work is determined. In 

this example, it is a drill cycle, so the appropriate code 

(g8l) is written. 

The "X" position is two inches from the edge to zero 

and one inch in from the edge of the part. So X03000 is 

inserted in the program chart. No decimal point is shown, 

since the location of a decimal point is always assumed to be 

between the second and third digits. For the entry to have 

indicated a measurement of point three inch, or three-tenths 

of an inch, X00300 would have been used. In the same way, 

in the "Y" axis, the total dimension is one inch plus 0.5 

inch; hence, Y01500. In the miscellaneous function column, 

the first feed cam number (M.51) is written. 

This completes the information in the first line, which 

will subsequently be reproduced in the tape. The other infor-
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hole position, number one; depth of feed, two-inch; spindle 

speed, 900 revolutions per minute; feed-rate, seven inches 

per minute; and, finally, drill, quarter-inch diameter. 

The second line starts with the second sequence number 

002. Since both the first and second operations are drilling, 

it is not necessary to repeat the drill cycle instruction 

under the cycle command column. The machine console will 

remember to drill continuously until a new command is given. 

Hole number two is in the same position along the "X" 

or longitudinal axis as hole number one. Therefore, it is 

not necessary to repeat the "X" position figures. The "Y" 

position for hole number two is not three-point-five-inch 

from the "Y" axis. The new "Y" position is thus Y03500« 

Since the operator's information is the same as for hole 

number one, there is no change in the M code or in any of the 

operator's information, so again there is no need to repeat 

the instruction. This procedure is repeated for holes 

number three, four, and five, with the only changes made in 

the "X" and "Y" positions. 

On the number five hole, a new operation is begun: that 

of tapping the drilled holes, and a change must be antici-

pated by the control. Therefore, the tool change code, M06, 

must be included in the miscellaneous function column. This 

code prevents the servomotors from functioning and also causes 

a lamp on the control panel to light up, indicating to the 

operator that a new tool is required (2,p. 114). The 
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servomotors will not function again to re-position the point 

of operation until the new tool has been positioned in the 

machine and has performed its operation. 

For this sequence, 006, the tapping code g84 is inserted. 

This is entirely new information, and therefore allthe infor-

mation required for the machine has to be repeated. Thus, 

although "X" and "Y" coordinates remain unchanged, since, the 

tapping depth is to be one and three-fourths of an inch, a 

new depth cam setting is required at this stage and the 

machine is instructed to use the second pair of cams numbered 

M52. The sequence 006 line is completed by adding all the 

new information for the operator to select the tool, speed, 

feed, and depth of the feed cam. 

The remaining three holes can be tapped in any order, 

but the fastest way is to go in reverse order as five, four, 

three, two, one. This will also bring the "X" and "Y" co-

ordinates back to the starting position for drilling and 

tapping of the next component. 

On the final line, sequence 010, the table for "X" data 

remains at X03000, but new "Y" data Y01500 positions the tool 

for tapping hole number one. In addition, the end of program 

code M02 is inserted. The command causes the tape to rewind 

automatically to the "start position" at the end of the oper-

ation for the component. Normally, "end of program" is written 

into the operation description to tell the operator to remowe 

the finished component from the machine in order to reload with 

a new workpiece to begin a new cycle of operation (2, p. 115). 



4-3 

o o o ' C 

oo£ *o 0 0 0 * 2 o o £ * o 

H n O 

•O X) c°v 

03 o n 

© i>-

L 
CD H 

P t I N 

O P~\ 
CM GS 

bO h0*A 

pL| *H T? 

»d -p 



44 

ij 
P3 

M & 
O W O 

3 
<S Ph 
E-* o 

a 
P3 
P< 

O
p
e
r
a
t
i
o
n
 

D
e
s
c
r
i
p
t
i
o
n
 

E
 
D
r
i
l
l
 
(f
»
 
d
i
a
.
)
 

T
o
o
l
 
C
h
a
n
g
e
 

CM 
<T\ 
I 
CM 
<r\ 
\ 
£N. 
P* 
OS 
E~* 

| 
E
n
d
 
o
f
 
P
r
o
g
r
a
m
 

D
e
p
t
h
 

o
f
 
C
u
t
 

5i 
H 

S
p
e
e
d
 

E
.
P
.
M
.
 

0
0
6
 2
1
0
 

S
p
i
n
d
l
e
 

F
e
e
d
 

I
.
P
.
M
.
 

Dw 

, 

1
2
 

|
 

P
o
s
.
 

N
o
.
 

H CM cn cn CM H 

M
i
s
c
.
 

N
o
.
 

iH 
a 

\0 
O 
S 

CM 
a 

CM 
O 
a 

Y
-
D
a
t
a
 o 

O 
vr\ 
H 
O 
>H 

o 
o 
vr\ 
CA o 

1 o 
o 
H 
o 
rH Y

0
1
5
0
0
 

Y
0
3
5
0
0
 

O 
O 
H 
O 

X
-
D
a
t
a
 O 

O 
o 
cn 
o 
X X

0
6
0
0
0
 

o 
o 
o 
-3-
o 
X 

0 
0 
0 
O 
X X

0
6

0
0

0
 

X
0

3
0

0
0

 

P
r
e
p
.
 

C
o
d
e
 

H 
CO 
w 

•3* 
CO 
bQ 

• 
a1 • 
<D O 01

 

02
 

r \ 
o -3-o 

VA 
o I VO 1 O-0 1 n 00 ON O 1 

<D 
a 
•H 
H 
0) 
H 

O 
'd 

o 
•p 
XJ 
60 
•H 

O 
-P 
cd «p 

P 

0 
H 

O 
*d 
<H 
o 
•p • 
<M fH 
0) O 
rH *P 
0 

O U 
-P 0 

Pj 
a! o -p 
GJ <D 
•P 



CHAPTER BIBLIOGRAPHY 

1. Clark, Stephen C., "Improve Job-Lot Production with 
Numerical Positioning," Automation, LVIII (April, 
1958), 60-68. 

2 . , "How to Program an N. C. Drill," 
American Machinist, CXI (January 16, 1 9 6 7 ) , 113-115. 

3. Keebler, James C., "Planning and. Programming N/C," 
Automation, LXIV (September, 196V), 5 8 - 6 7 . 

4. Klein, Richard J., "Designing Electrical Control Systems," 
Automation, LXVII (April, 1 9 6 7 ) , 93-97. 

5. Olesten, Nils 0., "Stepping Stone to Numerical Control," 
Automation, LXI (June, 1961), 60-66. 

6. , "What Is Numerical Control," American 
Machinist. CIV (August 8, i 9 6 0 ) , 9^-108. 

k5 



CHAPTER V 

SUMMARY, FINDINGS, AND RECOMMENDATIONS 

This study concerned itself with the study of numerical 

control and the designing of a numerical control program for 

a drilling machine. 

The major purposes of the study were to obtain infor-

mation on the function of numerical control; the different 

types of numerical control used by industry; and the advan-

tages of using numerical control. More specifically the study 

attempted to answer the following questions; 

1. How does numerical control operate a machine? 

2. On what kind of machine can numerical control be 

adapted? 

3. What type of drawings are used with numerical control? 

4. How is a program prepared for numerical control? 

5. What terminology has been devised pertaining to 

numerical control? 

6. What kind of tapes are used with numerical control 

and how are they prepared? 

7. What type of drive control is used on machines 

utilizing numerical control? 

8. How is' gauging and inspection accomplished by numeri-

cal control? 

l>6 
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Data were obtained through responses to letters and 

visitations as well as books and library materials located 

in the North Texas State University, University of Texas, 

University of Houston, Rice University, and Southern Methodist 

University libraries. 

Summary 

Numerical control is a system in which machine actions 

are controlled by the direct insertion of numerical data at 

some point,these data being information expressed by a set of 

numbers, or symbols, that can assume only discrete values or 

configurations. 

There are three major types of numerical control for 

machine tools. These are random-travel positioner, finite 

point-to-point of machine tool slide, and numerical contouring 

control. 

Some of the advantages of using numerical control on 

machines are: accuracy in machine operation, ease in sched-

uling machines, reduction in the number of jigs and fixtures 

required, simplified tooling, reduction or required planning 

time as well as transfer time, and savings on direct and in-

direct cost, all of which lead to higher production quotas 

and less cost per unit produced. 

The programming of a numerically controlled machine is 

done by a programmer who, working from a specially prepared 

drawing, prepares a program chart or programming manuscript. 
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The information on the program chart is then placed on a 

tape by the use of a teletypewriter. The punched tape is 

then inserted in a tape reader which directs current to the 

servomotors on the machine causing them to function, based 

upon the data contained on the tape. 

Special terminology used to refer to the use and 

operation of numerical controls has been adopted by the 

society of Automatically Programmed Tools. The society 

publishes a book called A.P,T. Encyclopedia which lists all 

of the terms. 

The use of numerical control can save up to ninety-five 

per cent of gauging time and is more accurate than conven-

tional gauging methods. 

Findings 

In collecting and analyzing the data used in this study, 

the following findings are presented: 

1. Numerical control is utilized to operate machines 

such as the milling machine, drill press, lathe, flame cutting 

machines, skin mills, and welders. 

2. The three major types of numerical control used are 

random-travel positioners, finite point-to-point machine tool 

slide, and numerical contouring. 

3. Some of the distinct advantages of using numerical 

control are accuracy in machine operation, reduction in the 

number of jigs and fixtures required, speed of production, and 

economy. 
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Numerical control operates machines by supplying 

electrical current to servomotors which in turn operate the 

controls of the machine. 

5. Special drawings must be prepared using zero points 

with "X", "Y", and/or "Z" coordinates. 

6. Program charts are prepared from drawings and this 

information placed on punched tapes which direct current to 

the servomotors. 

7. Special terminology has been adopted by the society 

of Automatically Programmed Tools and published in the A.P.T. 

Encyclopedia. 

8. The tape used on numerical control has been adopted 

and standardized by the Electronic Industries Association. 

9. Gauging and inspection are accomplished by numerical 

control by the use of "X", "Y", and/or "Z" coordinates and 

are much more accurate than conventional methods. 

10. Storage problems are simplified as less space is 

required for program tapes, and inventory is also simplified. 

Recommendations 

In light of the findings of this study, the following 

recommendations are presented: 

1. Industry include the cost of installing and operating 

numerical control systems in their budgets. 

2. More easily accessible information be provided for 

RTVLTFRTVL A A VIF'A'WAN+'ARL 4 v* O + A 
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3. Schools provide students with information on the 

use of numerical control and the possibility for future em-

ployment in the field. 

It is further recommended that consideration be 

given to a study involving the designing and constructing 

of a simple numerically controlled machine. 
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APPENDIX D 

PREPARATORY FUNCTION 

Code 

578 

579 

g80 

g8l 

g82 

g84 

g85 

Cycle 

Mill Stop 

Mill 

Cancel 

Drill 

Drill 

Tap 

Bore 

Z-Axls Motion 

Rapid down 
Feed down to depth stop 
Quill-clamp signal 

Rapid down 
Feed down to depth mill 

Cancels previous instruction 
Rapid traverse to new X-Y 

position 
No quill movement 

Rapid down 
Feed down to depth 
Rapid retract 

Rapid down 
Feed to depth 
Dwell 
Rapid retract 

Rapid down 
Feed to depth 
Spindle reverse 
Feed up 
Rapid retract 

Rapid down 
Feed up 
Rapid retract 

MISCELLANEOUS FUNCTION 

Code 

MOO 

M02 

M06 

Function Name 

Program 

End of program 

Tool change 
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Code Function Name 

M26 Full spindle retract 

M50 No cam 

M51 Depth cam 1 

M52 Depth cam 2 

M53 Depth cam 3 

M5^ Depth cam 4 

M55 Depth cam 5 

M56 Depth cam 6 

M 57 Depth cam 7 

M58 Depth cam 8 

M59 Depth cam 9 

^Source: From the Electronic Industries Association 
standard coding for one inch wide program tape. 
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