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‘ Living without an aim is like sailing without a compass. ( Alexandre
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Lesson 1 The Benefits and Advantages of NC

Numerical control (NC) is a form of programmable automation in which the
processing equipment is controlled by means of numbers, letters, and other
symbols. The numbers, letters, and symbols are coded in an appropriate format to
define a program of instructions for a particular workpiece. When the job is changed,
the program of instructions will be changed. The capability to change the program is
what makes NC suitable for low and medium-volume production. It is much easier to
write programs than to make major alterations of the processing equipment.

NC has had a significant effect on the industrial world since the first Industrial
Revolution. The developments in computer and NC have extended a person’s minds
and muscles. NC technology has made such rapid advances that it is being used in
almost every area of manufacturing, such as machining, welding, press-working, and
assembly.

Benefits; Numerical control has been in use for almost 40 years. Since its
inception, it has been improved continually. Each improvement has added a new
benefit or improved an existing system of NC as compared with traditional manual
machine operation. During this period, a body of knowledge has developed from the
actual benefits that can be derived from NC. There is a general consensus among
manufacturing professionals: Benefits derived from NC are as follows: better
planning ; greater-flexibility ; easier scheduling; less setup, lead, and processing time;
better machine utilization; lower overall tooling costs; greater uniformity in cutting;

greater accuracy in cutting; a higher degree of interchangeability of parts and tools;



more accurate cost estimates; permanent

% E% memory of how a part was made.
=1

DNC (Auxiliary) DNC (Main) CAD/CAM These are the same types of benefits

‘ ‘ ‘ generally associated with any manufacturing

(] & Nesewak ) process that has successfully moved from

a manual format to a fully or partially
Q=10
S i TR automated one. The extent of the benefit

depends on how successfully the transition

CNC machine tools

has been carried out and how well
developed the associated technologies
have become.

With the advent of DNC (Fig. 1-1),

and CNC in numerical control, all of the

Fig.1-1 A network structure form of DNC

benefits listed above have evolved into bona fide, documentable benefits.

Advantages: NC reduces the amount of non-chip-producing time by selecting
speeds and feeds, making rapid moves between surfaces to be cut, using automatic
fixtures, automatic tool changing, controlling the coolant, in-process gaging, and
loading and unloading the part. Some of the major advantages of NC are as follows;

(1) There is automatic or semjautomatic operation of machine tools. The degree
of automation can be selected as required.

(2) Flexible manufacturing of parts is much easier. Only the tape needs changing
to produce another part.

(3) Storage space is reduced. Simple workholding fixtures are generally used,
reducing the number of jigs or fixtures which must be stored.

(4) Small part lots can be run economically. Often a single part can be produced
more quickly and better by NC.

(5) Nonproductive time is reduced. More time is spent on machining the part,
and less time is spent on moving and waiting.

(6) Tooling costs are reduced. In most cases complex jigs and fixtures are not
Tequired.

(7) Inspection and assembly costs are lower. The quality of the product is
improved, reducing the need for inspection and ensuring that parts fit as required.

(8) Time of machine utilization is increased. There is less time that a machine
tool is idle because workpiece and tool changes are rapid and automatic.

(9) Complex forms can easily be machined. The new control unit features and

programming capabilities make the machining of contours and complex forms very



easy.

(10) Parts inventory is reduced. Parts can be made as required from the

information on the punched tape.

benefit
automation
semiautomatic
appropriate
format
workpiece
capability
alteration
significant
revolution
muscle

welding
assembly
inception
consensus
flexibility
utilization
interchangeability
Jig

fixture

coolant
nonproductive
inventory
workholding
effect on

as compared with
be derived from

cost estimate
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[dzig]
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[ 'ku:lont ]

[ 'non,pra'daktiv ]
[ 'invontari |

DNC ( Direct Numerical Control )
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in-process gaging &AM
non-chip-producing time AE 7 ) B 1)
tool change #71

NC reduces the amount of non-chip-producing time by selecting speeds and
feeds, making rapid moves between surfaces to be cut, using automatic fixtures,
automatic tool changing, controlling the coolant, in-process gaging, and loading and

unloading the part.
“NC reduces. .. by” Hiffj “by” Fn “8&” (ERHFESER).
ff1)/5] . Some recognize others by the way they walk or by their voice.

— 8 N\ S8 B E B0 S S B Y 7 R IR o

Exereises

1. Translate the following words into English or Chinese.

WAL
DNC

FEZAL

non-chip-producing time

7]

II. Translate the following sentences into Chinese.

I. The capability to change the program is what makes NC suitable for low and
medium-volume production,

2. NC has had a significant effect on the industrial world since the first Industrial
Revolution.

3. Each improvement has added a new benefit or improved an existing system of NC
as compared with traditional manual machine operation,

4. These are the same types of benefits generally associated with any manufacturing
process that has successfully moved from a manual format to a fully or partially
automated format.

5. Tooling costs are reduced. In most cases complex jigs and fixtures are not

required.
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There is no royal road to science, and only those who do not dread the

fatiguing climb of gaining s numinous summits. ( Rarl Marx, German
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Lesson 2 Brief Introduction to CNC

Computer Numerical Control (CNC) is one in which the functions and motions
of a machine tool are controlled by means of a prepared program containing coded
alphanumeric data. CNC can control the motions of the workpiece or tool, the input
parameters such as feed, depth of cut, speed, and the functions such as turning
spindle on/off, turning coolant on/off.

A CNC system consists of three basic components (Fig. 1-2) .

(1

0 000O0QO0
000000
Program coco0ocoo0
Machine
control ’ %
unit Processing
equipment

Fig.1-2 Basic components of a CNC system

1. Part program

The program of instructions is a kind of numerical or symbolic codes that is
detailed step by step to tell the machine tool what to do. Think of giving any series of
step-by-step instructions. A CNC program is nothing more than another kind of
instruction set. It’s written in sentence-like format and the control will execute it in
sequential order, step by step. A special series of CNC words are used to
communicate what the machine is intended to do. CNC words begin with letter
addresses (like F for feedrate, S for spindle speed, and X, ¥ & Z for axis motion ) .
When placed together in a logical way, a group of CNC words make up a command

that resembles a sentence.
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2. Machine control unit (MCU)

The controller unit is the unit that reads the programme of instructions and
converts it to real movement of a machine tool. The CNC control will interpret a CNC
program and activate the series of commands in sequential order. As it reads the
program, the CNC control will activate the appropriate machine functions, cause axis
motion, and in general, follow the instructions given in the program. Along with
interpreting the CNC program, the CNC control has several other purposes. All
current model CNC controls allow programs to be modified (edited) if mistakes are
found. The CNC control allows special verification functions ( like dry run) to
confirm the correctness of the CNC program. The CNC control allows inputs separated
from the program by certain important operators, like tool length values. In general
the CNC control allows all functions of the machine to be manipulated.

In addition, three basic types of control unit are used with NC machine. open-
loop control, semi-closed loop control and closed loop control.

3. Machine tool

The machine tool performs the mechanical work and deals directly with the part
being machined.

Applications of CNC include non-machine tool areas as well as machine tool
areas. In the machine tool category, CNC is widely used for lathe, drill press, milling
machine, grinding unit, laser, sheet-metal press working machine, tube bending
machine, etc. Highly automated machine tools such as turning center and machining

center which change the cutting tools automatically under CNC control have been

developed.
~ Words and Expressions
resemble [ri'zembl | v.  EMm, 4
convert [ ken'vart ] v. () HE,; (&) i
interpret [in'tosprit ] v. BB mid
sequential [ si'’kwen[al | a EuEY
verification [ (verifi'keifon ] n.  HiA, FiE; HE
correctness [ ko'rektnis ] n. B
manipulate [ ma'nipjuleit ] v HBu 244k
category [ 'kaetigori ] n.  FE, HHK

laser [ leiza] n. #Hk
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bending [ 'bendin | n T, ¥E
step by step &
machine control unit ( MCU) MAREHEE
in general —fdnE

in addition %k, stsb
open-loop F IR
semi-closed loop 7 3
turning center E R
machining center it ML ONN

1]

[2]

(3]

I.

Notes

SRR ——

A CNC program is nothing more than another kind of instruction set.

4i]¥ “nothing more than” B E & “ANidd, TdEE",

0. We are describing nothing more than mere milliseconds, but there is a
delay nonetheless.

BAENBEASRILZDHR S, EX)RRE—FEER,

Applications of CNC include non-machine tool areas as well as machine tool
areas.

Al “as well as” MIEERE “[FH------ —FE (W), A1, #, B,

This winter, see if you can hear how the season transforms sound, as well as the
scenery.

XNEREBEFRENERIT R ENTRUTRO—HYTTHEE,

In general, the CNC control allows all functions of the machine to be manipulated.

At “to be manipulated” FEER “HIRY”, MR BEIEBN “ machine”,

#141; Open the image to be manipulated.

FITF AR 245 B 8

Exercises

Translate the following words into English,
LR R E

FFER

P I

ZEHI L

T A
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O. Fill in the blanks with the words given below.
A. step by step;  B. more than; C. by means of;  D. interpret;

E. make up; F. as well as; G. along with
1. Computer numerical control is one in which the functions and motions of a machine
tool are controlled ( ) a prepared program containing coded alphanumeric
data.
2. The program of instructions is a kind of numerical or symbolic codes that is detailed
( ) to tell the machine tool what to do.
3. A CNC program is nothing ( ) another kind of instruction set.

4. When placed together in a logical method, a group of CNC words ( ) a
command that resembles a sentence.
5. The CNC control will ( ) a CNC program and activate the series of commands

in sequential order.
6. ( ) interpreting the CNC program, the CNC control has several other

purposes.
7. The applications of CNC include machine tool areas ( ) non-machine tool

areas.

_a_JL.&L.&LJL.&LM.QL.OL.&L.&L.&LJL.&L.QL—OL T2 g 1 T P J (Y 19 YO € R {2 SO (VO 0 7 N P X T Y 0 TS 1 17 S ' Jt 1 1

Where there is a wil, there is a way. ( Thomas Edison, American
inventor) # &%, FEK, — E2BLXVL KL E

a2 0 2 o M i o i M o S B 0 M 4 M 4 0 W M G o M o N o i i ) M A T o B 4 M 4 0 M M 4 M L i ) M 0

e e U

Lesson 3 NC Technology Development Trends

With the rapid development of computer technology, the traditional
manufacturing industries have transformed thoroughly, and the industrial
developed countries spent huge sums of money on the modern manufacturing
technology research and development to create a new model. In modern
manufacturing systems, CNC technology is the key to technology, which
combines microelectronics, computers, information processing, automatic
detection and automatic control. It has such characteristics as high-precision, high-
efficiency and flexible automation, which plays the pivotal role in the flexible
automation, integration, intelligence of the manufacturing industry. Development

trends of NC technology are as follows;
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1. Performance development direction

(1) High-speed, high-precision and high-efficiency.

Speed, accuracy and efficiency of machinery manufacturing technology is the key
performance indicators.

(2) Flexibility.

Flexibility includes two aspects: flexibility of CNC system itself and flexibility of
group control system.

(3) Process complexity and multi-axis.

Process complexity of NC machine tools refers to it that, after the workpiece is
loaded in a single machine on a fixture, multi-surface machining compound production
is accomplished through such measures as changing tool automatically, rotating spindle
head or turntable. Siemens 880-axis Control System, a kind of axis of CNC
technology, can control up to 24 axes.

(4) Real-time intelligence.

With the development of science and technology, the real-time system and
artificial intelligence are combined with each other, and the artificial intelligence is
advancing towards real-time-response and more realistic fields, and the real-time
system is also advancing towards the more complex application with intelligent
behavior, which results in the new field of real-time intelligent éontrol.

2. Functional development direction

(1) Graphical user interface.

User interface is the interface of dialogues between CNC systems and the user.

(2) Visualization in scientific computing.

Visualization in scientific computing can be used for efficient processing and
interpretation of data, so that the exchange of information can directly use visual
information of graphics, images and animation rather than limit to the use of words
and languvages.

(3) Diversification of interpolation and compensation.

Various interpolation methods include multiple linear interpolation, circular
interpolation, cylindrical interpolation, space elliptical surface interpolation, thread
interpolation, polar coordinate interpolation, 2D + 2 helical interpolation, NANO
interpolation, interpolation NURBS ( non-uniform rational B-spline interpolation ),
spline interpolation (A, B, C types) and polynomial interpolation, etc.

(4) Built-in high performance PLC.

Built-in high performance PLC module of CNC system can be directly
programmed with ladder diagrams or advanced languages, and has intuitive online
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debugging and online aid functions.

(5) Application of multimedia technology.

Multimedia technology is the combination of computers, audio-visual and
communication technology, enabling computers to process voices, texts, images and
video information comprehensively.

3. Development of the systematic structure

(1) Integration.

(2) Modularization.

(3) Networking.

(4) General open and closed-loop control mode.

Words and Expressions.

traditional [ tra'difonal ] a. e Bee

fundamental [ fanda'mental ] a KKy, RAE

manufacturing [ \menju'faekt [arin | a. #ligey; Flbe

combine [ kom'bain ] V. (1) 4; (&) B4,
(1£) &4

microelectronic [ imaikrouilek'tronik] a &% F#

integration [ inti'greifon ] n. R &4

high-precision [ "haipri'sizon | a. SHAEAEH

single [ 'siggl] a. R—&; L 40, LY

turntable [ 'tarn,teibl ] n  #H, e

real-time [ 'rialtaim ] a  ERH

artificial [ arti'fifal] a. A, &

visualization [ vizjuolai'zeifan ] n. TR, TR

interpretation [ injtorpri'teifon ] no A fiE

interpolation [in torpau'leifon ] n  HEA; Ak

spline [ splain ] n.  Hiis

polynomial [ ;poli'noumial ] a Z3RXH

elliptical [ i'liptikal ] a. WEY,; Ak

helical [ 'helikal ] a. ik HE

thread [ Bred] n. £, i

debugging [ di'bagip ] n. AR

audio-visual [ 'ardiau'vizual | a.  AUTH; KR FEL



