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Introduction to Computer Numerical

Control Manufacturing

Reading Target

After reading this unit, you should be able to explain what.Computer Numerical Control (CNC)

is and what basic components comprise CNC systems.

Text

1.1 Definition of Computer Numerical Control and its components

A Computer Numerical Control (CNC) machine is an NC machine with the added feature of an
on-board computer. The on-board computer is often referred to as the machine control unit or MCU.
Control units for NC machines are usually hard wired. This means that a machine functions are
controlled by the physical electronic elements that are built into the controller.d Simply put,
numerical control is a method of automatically operating a manufacturing machine based on a code of
letters, numbers, and special characters. A complete set of coded instructions for executing an
operation is called a program. Such programs are stored in RAM or the random-access memory
portion of the computer. They can be played back, edited, and processed by the control. Thus, the
machine functions are encoded into the computer at the time of manufacture.

The components found in many CNC systems are shown in Fig.1-1.2

Machine control unit: generates, stores and processes CNC programs. The machine control unit
also contains the machine motion controller in the form of an executive software program.®

NC machine: responds to programmed signals from the machine control unit and manufactures
the part. @
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Part description Program instructions FEHLIAHY
(dimensnons» ) T‘;‘]‘;’g‘éﬂ © sent to NC machine F2F##4
manufacturing notes @ Program for part
manufactured is
I entered into MCU
—] ; and displayed
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—_— / @E Machine control unit (MCU)
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BaBHUR

Fig. 1-1 components of modern CNC system

(B CNC RGERIH AL )

1.2 Types of CNC Equipment

Machining centers are the latest development in CNC technology. These systems come equipped
with automatic tool changers with the capability of changing up to 90 or more tools.(5) Many are also
fitted with the movable rectangular worktables called pallets. The pallets are used to automatically
load and unload work pieces. At a single setup machining centers can perform such operations as
milling, drilling, tapping, boring, and so on. Additionally by utilizing indexing heads, some centers
are capable of executing these tasks on many different faces of a part and at specified angles.
Machining centers save production time and cost by reducing the need for moving a part from one
machine to another.

Turning centers with increased capacity tool changers are also making strong appearance in
modern production shops.® These CNC machines are capable of executing many different types of
lathe cutting operations simultaneously on rotating part.

In addition to machining centers and turning centers, CNC technology has also been applied to
many other types of manufacturing equipment. Among these are wire electrical discharge machines
(wire EDM) and laser cutting machines.

Wire EDM machines utilize a very thin wire as an electrode. The wire is stretched between two
rollers and cuts the part like a band-saw.(D Material is removed by the erosion caused by a spark that
moves horizontally with the wire.@ CNC is used to control horizontal table movements.

Laser cutting CNC machines utilize an intense beam of focused laser light to cut the part.
Material under the laser beam undergoes a rapid rise in temperature and is vaporized. If the beam
power is high enough, it will penetrate through the material. Because no mechanical cutting forces are
involved, lasers cut parts with a minimum of distortion, they have been very effective in machining
slots and drilling holes.(®

12§
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Key Terms

Computer Numerical Control 18 M5 7= il
MCU ( Machine Control Unit ) #HLIR# Hl#IT
electronic element HLFJC/4

controller il #%

RAM ( Random-Access Memory ) BEHLFZfE %S
machining center I T[>

pallet &%

ATC ( Automatic Tool Changer ) H #hi#: J1%E &
work piece\workpiece T.f4

milling #EH!

drilling %45FL

tapping £

boring #£fL

indexing head 433k

turning center 4= Hl| H.0»

lathe %=k

electrical discharge machine Hi ‘kFEHN THLK
wire EDM ( wire Electrical Discharge Machine ) £k 4|8 k£ THLEK
laser cutting machine ¥ GHIEIHLE

machining HLHE N T

slot ZE48

New Words

feature ['fi:tfo] n. 565, ThEE

on-board 7Eff ( KHL, %) b, SCHIHABEILK L

be referred to as BFR N

wire ['waio] vi. FIEBEMIL. BREHMNE n& B2, B, B, BE, S%umN
portion ['pa:fen] n.—&4, —1

encode [inksud] vr. 4%, #2 (3. HRE) FRBEY (KHFD)
generate ['d3enaireit] vi. 54, kK4

equip [iIkwip] vr. 3%%, Bo#%, %k, MR

capability [ keipa'bilitil n. 8877, thE, &&, BEZhH

rectangular [rek'teengjula] adj. K HTEH)

pallet ['peelit] n. FE4&%

load [laud] ve.fin#

131
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unload ['An'loud] vi. HEHI1#

counter ['kaunta] adv. g H; X

specify ['spesifai] vr. &5, AU, FIATGH

shop [[op] n. Rk ; T.J 5 Hk; &3

simultaneously [simal'teiniasly] adv. [l &AL ; [F140H
electrode [i'lektroud] n. HL#; HLIER

discharge [dis't[a:d3] v. L, HEH; K8 no &5 MR
stretch [stret[]v. ffith; HIE

roller ['roule] n. R, ¥, 5 (HELDFPULRL)
band-saw n. 77

erosion [i'Teuzen] n. &

spark [spa:k] n. kb, K&, HKIE

remove [rimu:v]v. E3E, K4

intense [in'tens] adj. #FIH), REIZIHY

focused [foukast] B

undergo [Anda'gau] ve. 2Jf1, K5Z; #Z

vaporize ['veiperaiz] v. Z&%, 14k

penetrate ['penitreit] v. ZFitk; T1#; #EA

distortion [dis'to:[an] n. 5T ; i

slot [slot] n. Bk4%E; A4

Notes

(D Control units for NC machines are usually hard wired. This means that a machine functions
are controlled by the physical electronic elements that are built into the controller.

NC HLAR A ] B TiE 3 i RE A AR, ol R AR B T RE 2 H 5 1l 2% 9 B A P B 1T
PRI o

T A X RAE T wire XA, wire A AR . &R ZMEE, XMAKKEMRAE,
SRl s & RAARFL . BRESUNE . EAR T EFENZE: NC YUK # 5 ocHE % 2
B

@ The components found in many CNC systems are shown in Fig.1-1

CNC ARG # WA 1-1 Fros,

Hrf: found in many CNC systems 1E 4 %€ iE & /i components. found X ™ia7ERH % %15
ZEMB], —BokIE, AREEEEFE N KRBT, MERENFHEEERBIFEN B,
“HET %o

@ The machine control unit also contains the machine motion controller in the form of an

executive software program.

PURIE S SR ICR B EVURE ShEEHIAS, ZEHS R — T i SR %,
7F: inthe form of B A LL----- HER .

i41
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@ NC machine: responds to programmed signals from the machine control unit and

manufactures the part.
NC LR : MRk A HLR R B TR PR 5 X T AT in T

® These systems come equipped with automatic tool changers with the capability of changing

up to 90 or more tools.
XU RGAEAH AR E, AT BB L 0 B EEL,
® Turning centers with increased capacity tool changers are also making strong appearance in

modern production shops.
BARERTIEN R OEBUHIE b dE RS E.
@ The wire is stretched between two rollers and cuts the part like a band-saw.
IR AEWA R ZEHLER, Bolrsh—rE oI Tk,
Material is removed by the erosion caused by a spark that moves horizontally with the wire.
TIE 227K -7 5l BT 7 A B o K AE 28 B RH I ol
@ Because no mechanical cutting forces are involved, lasers cut parts with a minimum of

distortion, they have been very effective in machining slots and drilling holes.

T BA YDA, BreASOLin To TARRAER /N, SOt T/ a1k
LR

Words Study

Lo BERRAL (SR oo
In technical English, the following expressions are very common. Everybody has to master

them.

called
Alis < known as B
referred to as

Exercise I  Try to fill in the blanks with above phrases.

(1) The point of intersection ( 3855, ) (know) the origin.

(2) When you are specifying coordinates from the program zero point (origin), it (call)
the absolute mode of programming.

(3) A CNC machine is a NC machine with the added feature ( ZJfE ) of an on-board ( PJ##i ) )

computer. The on-board computer (refer) the machine control unit or MCU.
(4) If a computer is used to create a program, the process (know) computer-aided
programming.

(5) A complete set of coded instructions ( B 4HIHIFES ) for executing (147 ) an operation
(call) a program.
2. fit MAIERIARIEEEE, TER¥ESIHE LAHE,
(1) fit Pahial, RrER. BT, 3. K- At prakatE, - HECE 5,
HAE FESlAE,

isl
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This coat doesn’t fit me.

XUERKEFAEGH

Some training will fit them for the job.

23t — I A TR S A TAE .

Fit a handle on a door.

1% E— P,

You can’t fit any more toys in the box.

MAETERERATEZHERT .

The doctor can fit you in today.

4R BE A REBRAAR E A 1]

The observations fit the theory nicely.

I 5 B 5E AT

That sort of music fits your mood.

ARF B SRS B R L1

The tailor fitted the trousers by shortening them.

B R W TRET iz 855,

(2) fit AREARRES . WA . HEURIMEEEE, 8 T,

Try the new key and see if it fits.

RIAF A A ERR B AIE,

The shoes doesn’t fit well.

XEANGH .

She doesn’t fit in with these people.

it 553X 6 AAEAR A

His good mood fits in with the joyful occasion.

fibh B A7 15 45 SRR 37 A IR A

(3) fit o] URMIE AR, MRSEEM, £n B4, A" %, Ml feel 3 keep i
., TR, REEHRES.

He isn’t fit for his work.

b ANE B X T T AE

The food isn’t fit to eat.

XBEYIARIIZ

It’s fit that he should say so.

HAREE AR 1

Though he is over 70 years old, he feels fit.

REM 70 2%, {ERHHRE .

I hope you are keeping fit.

A BIRBEIRFFERR

(4) fit WAl LI, RrnEH, AEHKR,

Fit is even more important than color.

i6l
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BEHBEEER,
The coat is a good fit.
XURKRE &

Exercise I Everybody knows the word “fit”. But can you translate the word in these

sentences?

(1) Many are also fitted with the movable rectangular worktables called pallets.

(2) There are some machines fitted with specially designed AC motors that also provide for

variable spindle speeds.

(3) The program is too long to fit into the control’s memory.

Language Study

PRAE 52 LA

Numerical control has been used in industry for over 50 years.

B AN FHE &8 50 48,

XA TR TRAZRNE, RRCERENEN, IHEBEESHENHREBRR,

EXUFTPHENE L, —FTHERKRIE, QA e —BEtE, Mid ka4 mtE T
W —EBBAE, PrROX B B3R TIAE. 55—, XASMEEARRRE FESSR T, T
FEEERG T A] AT AR Ui 45 R, AT DUESE R 25, XAl LA i A rh A e )R ok B8

WA FEILEF.

He has got a letter from his father.

She has rung me up four times this evening already.

I’ve seen little of my teacher in the past few years.

She has worked in the company since she graduated in 2000.
I have got a bad headache.

A U AW =

She has been here several times, but she’s gone to live abroad.
Exercise I Fill in the blanks.

(1) you had your supper yet?

(2) She never broken her word.

(3) She’s to do some shopping.

(4) Ihave _ terribly busy since I have been back.

(5) Have you to leave so soon?

Translation

F18x HENEERIEA

1.1 CNCHEXRERZEZGAHRR
HREHBEYURRRTE NC YURMZER ERHIn— MR ERHENL, XFHAER SRS

171
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BRI ML B B0 T 5, MCU . NC AL i i 2 08 o i BE R A 1, R UEALIR B D RE 2 P 45
] S P B TOC R R, AL, BTSRRI TR A S BRAE R KIUR A —Fh
ek MACRD B R . B AR A R, TR SR A T HT R R R — BB
RIS, THXMRF RIEBAE AN BENLAEE RS P Y, P8 T LA e 134T R
. FE USSP REE, R, AT LOE X AT 40 A% A T 76 T SEBHUR B4R 9 25
FhIhRE

CNC R4 a WA R4 i & 1-1 s

PURESHISATE . AR, FEREFIALEE CNC RBFF. HUREE ST amyLRE R4, %
P il 88— A AT AT R T o

NC LA : 1053 @A HLA S il ST AR5 5 X Z AT T,

1.2 CNCig&pIER

T HULTE CNC BR B TRATHT I . BI1%A Bkl E, al# ] BEGE L 90 85
EHEL, FEMTHLREAABINKEE TR, IEERSE. XMERRGAKAIK
EITHE, T AR ASE R SE . B WL, BEZRITHME, o, —28m
T ) P43 Sk AT DA A A [ 4 T RTS8 B A BE AT T @ A R TEALR B #4 8 ,
I T AL REAE T 48 A 7 IR 5 A .

BARBRIIERZER FOEIRSE P EEEREME. X8 CNC HLUKBEX Ted: 1
T A [FIE 24T 2 R EHIm T,

Bin T Ao MAEEI L Z4h, CNC BAREH) 2 T H A 2 X s, HhafELy)
EIHLRABOEDI R

LUTEIYLE FH — RN B 2 80a 0k . VIFIZAEMANFRZENE, BHFE—-E T
o VB2 KT R ah = A K AE K R s, T CNC RS TAE G 19830,

WOEYIE CNC HLRREFI A — SRR ZUA R ADCLRVIE T4, MORHMEICL M B T IRES
AR EFH R, FOLRBER B St BRI E . I TFIRAVEIE] S, BrAEotm e
THARARE /N, BOCIEIPL I TA M A A FLAE ¥ A 3.

Supplementary Reading

The History of Numerical Control

In 1945, at the end of World War II, several events led to an experiment that changed metal
manufacturing. (D

1945

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.(2)

To assist in engineering calculations, a computer was developed at the University of

Pennsylvania. The ENIAC (Electrical Numerical Integrator And Calculator) as it was called, was a



huge mass of tubes and wires. It was difficult to program and very slow by today’s standards, but it
was a computer.

Later, numerical control machines and computers were used to develop today’s Computer
Numerical Control (CNC) machines. The Parsons Corporation, the United States Air Force, and the
Massachusetts Institute of Technology each played a role in this development.

1946

In 1946, the Parsons Corporation tried to find accurate ways to make complicated aircraft parts.
In an effort to generate an accurate rotor blade for a helicopter, they experimented with complicated
tables of coordinates and manual machines.® To generate the compound curves, they placed one
human operator per axis handle, and called each move out in turn. This was slow and prone to errors.
The Parsons Corporation then turned its attention to automatically generating these shapes. It seemed
that an automatic method was possible.

1949

John Parsons then set up a demonstration of his ideas for the Air Force. With a demonstration,
Parsons convinced the Air Force to award a research contract.

1952

Shortly thereafter, Parsons set up a subcontract with the Servomechanisms Laboratory of the
Massachusetts Institute of Technology (MIT). After three years, MIT built the first NC milling
machine. In 1952, a vertical spindle milling machine ran the first true NC-produced parts. Refer to
Fig. 1-2. The electrical cabinet took up more floor space than the machine, this was, however, the
beginning that would change machining forever.

The prototype numerical control machine developed by MIT used a punched tape to generate
movements of three axes. This machine was capable of making curved shapes, quickly, accurately,

and reliably.

Fig .1-2 the first true NC machine
(F—HHIEMN NCHLIK)

1955
In 1955, the Air Force of USA granted 35 million dollars to produce 100 NC machines. These

were used to make military aircraft.

]
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1960
In 1960, machine manufacturers began to make NC equipment that many companies could

afford. In 1960, equipment was on the market at a price that allowed many shops to purchase their

first NC machine.

New Words

military ['militeri] adj. ZEFE/, ERHK

accelerate [eek'selareit] v. JiE, {E#

closely [klauzli] adv. ¥§%H#, F=%H

tolerance ['tolerens] n. A%, WE, HFE; v 4 (PEHGE) HELE
Pennsylvania [pensil'veinje] n. A RN (EEMA )
tube ['tju:b] n. &, HF, [3K] #Hk, <> BHTE, BEE
play arole in 7E:---- hREZEEH

Massachusetts [[meesa'tf u:sits] n. hEEiEZEM

rotor ['reuta(n] n. (HBHLE) ¥+, (EFAILH ) KFieR
blade [bleid] n. 717], JIH

rotor blades ZfiH F

compound ['kompaund] adj. EE 1

demonstration [.[demens'treifan] n. /R”R7E, SLiE

convince [ken'vins] vt. {5, {5k

thereafter [Ocar'a:fta] adv. HJ5, MIBETLLG

subcontract [sAb'kontreekt] n. #4014 [7]

servomechanism n. ik &4t

cabinet ['keebinit] n. ¥

prototype ['proutataip] n. JR#&!

punched tape ZFFLELHF

grant [gra:nt] vt. R, #F, &N

Notes
@ 1In 1945, at the end of World War II, several events led to an experiment that changed metal
manufacturing
1945 4, SRR KREAY, BILAEBRME (AMFHETE) ZELBEMT (HiE)
ik,
Hr

that changed metal manufacturing =5 M A], FREM experiment,
MFESTEERNOTSEF ORI RBI, ZFHUBRNEN], &R TiHAFEZAEILERE
B9 XFRAEAERFHER. BIFPLSLE A,
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