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UNIT;I The Need for Numerical Control

Numerical control (NC) has become popular in shops and factories. Perhaps your first ques-
tion concerning numerical control is: Why we need it?

As we know, making parts and putting them together is manufacturing. Nowadays manufac-
turing is very important to us all. Look around you right now and you will find that nearly every-
thing—blue jeans, chairs, books, pencils, eyeglasses—is manufactured.

Manufacturing needs different types of machine tools and all machine tools requie some type
of control system for their operations and feed movements. The most versatile control system
has been man, but he is readily influenced by his environment. His speed is slow and erratic,
and his ability to repeat dimensions is extremely limited.

Different kinds of control systems have been developed to overcome the many shortcomings
of man as a control system. Instructions to the machine concerning feed movements, positioning,
cycling, and sequencing have been built into the machine in the form of cams, stops, timers,
and other mechanical and electrical devices. This type of control is restricted to parts of similar
configuration and machine tools employing it are often referred to as fixed-program machine
tools. The use of a battery of fixed-program machine tools connected by transfer mechanisms has
resulted in a system capable of producing a large number of parts. However, the expense of de-
veloping and constructing such a system prohibits its use for small-lot production. For example,
it is excellent for the automotive industry, where thousands of identical parts are produced, but it
is not suitable for the aircraft industry, where in comparison to the auto industry, relatively few
parts are produced in short-run and individualized production.

In addition, in the early 1940s, the need to produce military products, such as airplanes,
accelerated technical research. As a result, the products being produced at the end of the war
were too complex in shape or too closely toleranced for practical manufacturing.

It became necessary to develop variable-program machine tools and it was the need for
variable-program machine tools that led to the development of numerical control.

In 1947, John Parsons of the Parsons Corporation began experimenting with the idea of us-
ing three-axis curvature data to control machine tool motion for the production of aircraft compo-
nents. In 1949, Parsons was awarded a U. S. Air Force contract to build what was to become
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the first numerical control machine. In 1951, the project was assumed by the Massachusetts In-
stitute of Technology. In 1952, numerical control arrived when MIT demonstrated that simultane-
ous three-axis movements were possible using a laboratory-built controller and a Cincinnati verti-
cal spindle. By 1955, after further refinements, numerical control became available to industry.

A numerically controlled (NC) machine tool is controlled by numbers. Instructions for the NC
machine are written in numerical form. These numerical instructions are written (programmed) in
advance and stored on a suitable medium which is usually 1-in.-wide punched tape, although
magnetic tape and punched cards have been used. The numerical instructions are fed into a main
control unit, where they are stored, interpreted, and changed into signals that are understood by
the machine tool. The main control unit consists of a system of electronic interpreting devices,
and in general is the director of all machine operations. The coded instructions can control the
machine slide positions, spindle speeds, directions of spindle rotation, amount of feed, direction
of feed movements, flow of coolant, and sequence of machining operations and can select the
cutting tool for each operation. On some sophisticated machines, coded instructions may be co-
ordinated to control the machine axis movements to machine complicated three-dimensional sur-
faces. The instructions to the machine can easily be changed by replacing the roll of the tape on
the main control unit with another, similar to the way a movie-projector operator changes a roll
of movie film.

NC systems offer some of the following advantages over manual methods of production.
Better control of tool motions under optimum cutting conditions.
improved part quality and repeatability.
Reduced tooling costs, tool wear, and job setup time.
Reduced time to manufacture parts.
Reduced scrap. »

6. Better production planning and placement of machining operations in the hands of engi-
neering.

WORDS AND EXPRESSIONS TO WATCH

numerical /nju:merikal/ adj . 7B

control /kan’troul/ n. & v. il

versatile /vaisotail/ adj. ZEFHI, T REM

erratic /iretik/ adj. ANEEEH

dimension /dimenfan/ n. R~F, R &

sequence /sikwons/ n . JJUF , IKF 5 0. $8--- -3 F HESF
prohibit /pra'hibit/ vz . 21k, Bl iF

individualize /iindi'vidjuslaiz/ v. WM, 4~ 5 Hfm A% (&



punch /pantf/ n. ®HEHL, K, FTFLIL; v . opfL, $THL
interpret /in'taiprit/ v. AR

sophisticated /sofistikeitid/ adj . EZ%H, ZBLH
coordinate /kou'odinit/ v. VAR, B F---HHE
repeatability /ripizto’biliti/ n. A EE %

scrap /skreep/ n. BB BEH

feature /fiitfo/ n. 458

in comparison to -+ H 3%

in advance $2#{

numerical control (NC) £ #

electronic interpreting device H, T3 &
fixed-program machine tool [ &2 EHLEK
variable-program machine tool 7] ZEF2 FEHLER
small-lot production /Mt &A= 7=

automotive industry X ZE T\

aircraft industry fizs Tk

punched tape ZFfL4LHT

three-dimensional surface = % g |

NOTES

1. Instructions to the machine conceming feed movements, positioning, cycling, and sequencing

have been built into the machine in the form of cams, stops, timers, and other mechanical and electrical
devices that are manually established by the operator before each particular job. & ZEHLER b B & Y
o IR GERRF L BB YRR R R, SHHAEE) LB B G RS
BT C 2 B EEE R KT AR TH8 I LETF TiREHF

ER-THRRHENR A BRI KANCRERER FEEH, XAk

3 £ : Instructions have been built, H45HR“F1E + IFiE”, M)A —4 2 iEM 4 that are manu-

ally established by the operator before each particular job,

machine —fE O T1EZ A A, B AE “PLAR ", A AR | F 3¢, AR “HLER”, 10 That ma-

chine is a shaper. BHEPUKRALAK ., 53 LEEAD , B4R

boring machine &

milling machine &

drilling machine &4k

grinding machine B K

general purpose machine & FIFLEK
special machine % FHLEK
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machine &7 LLgEhiEI T, FR “HLANT”, 1 : The cutting speed and feed are very important
in machining processes. Y& E Mt AREVMM THIEFEE,

in the form of : LA««+++- KR, XNERERFERE LT HB

2. Machine tools employing this type of control are often referred to as fixed-program ma-
chine tools. 3 X R il 25 B AL AGHE B #7o0 B € B P IR

XA E XA :be referred to as. . . FIRE R R K- o IR WIEXEF, EX
AAEHE N, BEESE L ANE RS, refer to B FIIHHBEX:

(H“&%, &R/

N : Refer to the assembly drawing about the position of parts. XTI B, o] 2 R 3
[

41 :0n most NC vertical milling machines, the Y axis refers to the cross movement of the
table. KREB/FEFSLARGEK LY Siigp R TAEGHBIEIES,

(3)be referred to as ... , “BfE-  FRFE-----"

0 : Cutting at right angles to the axis of the work is referred to as facing. 5 TH & B EA
AR LT e LT

3.For example, it is excellent for the automotive industry, where thousands of identical
parts are produced, but it is not suitable for the aircraft industry, where in comparison to the au-
to industry, relatively few parts are produced in short-run and individualized production. %%, {th
M ARTEHAT T T HERAAE R ELL FIEE6E, MAESKRELLHELRESHIL
AN TEHAHARFSE Tl ERAGE

XE—HRKE A, BRI TN, B~ I35 438 o3 A JE R H 2 1E
MY, BAIEFN A ERGHERR £iE + 15 + RiE7. EEXTHEE, BREIER
SEENE] B R BHE AT EE R

4.NC systems offer some of the following advantages over manual methods of production.
X F THIE S NC REEA THHLE :

over BYFEAIA R HE------Z b M8t over E advantage 5 Fan LR R AF R
FE$, BRIBE R —1 ik, . Abrasive machining has some advantages over other ma-
chining processes. 5& 77 B& K Fo 2 H fth il T 7 2k BB F 285

5.Better production planning and placement of machining operations in the hands of engi-
neering. A | T B FIERR , HE I TEIEE 5 TLHE

in the hand of : 7&------ B Z H - --- ]



SEEX

PRE - EdiNEP

BHEC ZHMATERS T . BiFRIE DR TEIEWRIBER v ARINTFER
77

IEINFRAIB R, A B IR TH B R R . 4, BIEXT R ATHA K AER
HE, AEHERB—TRAE, KX R FE—HAA—EROF R BT 5 HE . BE
— R 1 R AR

& A EA R R BHLIR , T TR LR EAREE R A S Ah R 5] R GRS M s 25
B3, B RHERHRGERA . HARESGHABKAEHTE W, \REREERTHAS
ek, BEREM T RTINS AR,

A RIFP IS FE ) R Ge 2 BBt R DA SE IR AVE N 6 R HF SN . TEVUR LS55
B3 ALE RS R R JRUF A XHRERF E 2B YUK | ECE N R 2 AT 2E
LR HABR A SRR, A RE A A SRS AR LM TR F TREF ., XrhH
KRREMMFAHAOMI L, RAXHEHEBNOVREERNIE BRI, FH—4E
ERFIAEL RV B ERE—ENRAC SR T A KM THEE S . AT, FF
BN X — R R G B R T rE R A R AR, Bl b RE TR T B
R ZFE A FRELL B G5, T AZESKE VAR RA SR ILA T Z 44 F A
ZETW ERARE

F51,20 A 40 R, A E N CHIZ R ERAFHERMR TERAFRNS K. &2,
FEFRMILIE , PR ERBEN=RAER R ES FELR, HEMAEWERST T
T,

XA LA DEH A ERFYUR, MIERM I AR FIENTESR TRENEE,

1947 4, Parsons A F# John Parsons & F #17— A%, 48 A 25 (8] S #5 WL AR in T
AT, 1949 4, Parsons A A S EESEEIT T HESE —SHEVEKNER, 1951 4, %
ERRE B TR R TIX—TH . 1952 4, bR R T 2B (MIT) {8 B S2 50 3 il 75 O B0 B8 M1
¥R X ERBR RSN RB BT, X EE BB, BT 1955 48, LB
J&  BEEBAR TR A F Tl A=,

B (NC)YVUR R — Rl B w PR . FZEBBEIK LS UBFEFRE Tk,
XIS F AR R ESENN R L, REENTILRECHEHE, EEE R LA —
P RRAAH . BUEE S R R IT, 7E R BT SRS S B R R B PLR T
RERAITES . EiEhl ook h FRERBARN ARG, E% b RIURTE S isE
Ho MIBTELREIERIVUR LIEG LB B TR m AR HA BT B
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BTSN LTRSS —EMLEFE TR, £—8E20YUK L, 45184 o7 LLRIK thE
ERIPLRE 223, AT TR =4 i, HLK BRI SR A 58 3 B 4
BI0 L RIERHF TR, U AR H RS Ok 53 FE e — B R IR A —

X F LHE T F ,NC RELRA THINE

LA H FESAETI RS T R TRE3),

2. 388\ TR kB

3R TINTARA, AT T BB M A ),

4. B T AP F AR E]

5.8 T K dho

6. A A T A A Sl MK, I THRAVEE 5 T %4k

EXERCISES

1. Translate the following phrases into Chinese and recite them.

machine tool

control system

feed movements

mechanical and electrical device

fixed-program machine tool

variable-program machine tool

small-lot production

automotive industry

aircraft industry

individualized production

numerical instructions

punched tape

magnetic tape

punched cards

main control unit

electronic interpreting device

coded instructions

complicated three-dimensional surface

2. Fill in the blanks with proper words or phrases according to the text. Do not refer to
the passage until you finish the exercise.

(1) Numerical control (NC) has become in shops and factories.
(2)Perhaps your first question numerical control is: Why we need it?
(3) Manufacturing needs different of machine tools and all machine tools



some type of control system for their operations and feed movements.

(4) The most control system has been man, but he is readily influenced by his en-
vironment. His speed is slow and erratic, and his ability to repeat dimensions is extremely limit-
ed.

(5) Control systems have been developed to the many shortcomings of man as a
control system.

(6) Instructions to the machine concerning , , , and
have been built into the machine in the form of cams, stops, timers, and other mechanical and
electrical devices.

(7) For example, it is for the automotive industry, where thousands of identical
parts are produced, but it is not for the aircraft industry, where in comparison to the
auto industry, relatively few parts are produced in short-run and individualized production.

(8) » in the early 1940s, the need to produce military products, such as airplanes,
accelerated technical research.

(9)___, the products being produced at the end of the war were too complex in shape
or too closely toleranced for practical manufacturing.

(10) The numerical instructions are into a main control unit, where they are
stored, interpreted, and changed into signals that are understood by the machine tool.

3. Translate the following into Chinese.

Numerical control has been used in industry for over 40 years. Simply put, numerical control
is a method of automatically operating a manufacturing machine based on a code of letters, num-
bers, and special characters. A complete set of coded instructions for executing an operation is
called a program. The program is translated into corresponding electrical signals for input to mo-
tors which run the machine. Numerical control machines can be programmed manually. If a com-
puter is used to create a program, the process is known as computer aided programming.

4. Subjects for discussion.

What does numerical control mean?

What is the need for numerical control?

What are the shortcomings of man as a control system?

What’ s the difference between the fixed-program machine tool and the variable-program
machine tool?
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UNIT 2 Fundamentals of Numerical Control

Simply put, controlling a machine tool by means of a prepared program is known as numeri-
cal control, or NC. NC equipment has been defined by the Electronic Industries Association
(EIA) as “A system in which actions are controlled by the direct insertion of numerical data at
some points. The system must automatically interpret at least some portion of this data”.

In a typical NC system the numerical data which is required for producing a part is main-
tained on a punched tape and is called the part program. The part program is arranged in the
form of blocks of information, where each block contains the numerical data required to produce
one segment of the work-piece. The punched tape is moved forward by one block each time the
cutting of a segment is completed. The block contains, in coded form, all the information needed
for processing a segment of the work-piece: the segment length, its cutting speed, feed, etc.
Dimensional information (length, width, and radii of circles) and the contour form (linear, circu-
lar, or other) are taken from an engineering drawing. Dimensions are given separately for each
axis of motion (x, y, etc.). Cutting speed, feed-rate, and auxiliary function (coolant on and
off, spindle direction, clamp, gear changes, etc.) are programmed according to surface finish
and tolerance requirements.

Preparing the part program for an NC machine tool requires a part programmer. The part
programmer must possess knowledge and experiences in mechanical engineering. He must be
familiar with the function of NC machine tools and machining process and have to decide on the
optimal sequence of operations.

In NC machine tools, each axis of motion is equipped with a separate driving device which
replaces the hand-wheel of the conventional machine. The driving device may be a DC motor, a
hydraulic actuator, or a stepping motor. The type selected is determined mainly by the power
requirements of the machine.

The NC machine tool system contains the machine control unit (MCU) and the machine tool
itself. The MCU has to read and decode the part program, to provide the decoded instructions to
the control loops of the machine axes of motion, and to control the machine tool operation.

The MCU consists of two main units: the data processing unit (DPU) and the control loops
unit (CLU). The function of the DPU is to decode the information received from the tape, pro-
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