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| Unit 1

L
Introduction to Computer

Numerical Control
Manufacturing

1.1 Introduction

After reading this unit , you should be able to:

1. Describe the history of numerical control.

2. Explain what computer numerical control (CNC) is and what basic components comprise
CNC systems. .

3. State the objectives and advantages concerning CNC use.

1.2 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 tolcranced for practical manufacturmg @ .

To assist in engmeenng 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. '
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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.(3 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. See
Figure 1.1. 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.

This is thought to be the first true NC machine (& /& 55— & FLIE ) NC HLIK)
Figure 1.1

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

were used to make military aircraft.

_2__
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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.

Vocabulary

at the end of 7E...45 &, 7F... K

leadto T3, HEMm

experiment [iks'periment] n. Lk, =ik: LK, KK
military ['militeri} adji. %, FRK

accelerate [eek'selareit] v. mi#, @ik

asaresult 453

complex ['kompleks] adj. %M, AR, ZREH
closely ['klouzli] adv. ¥§&#h, F=#ih

tolerance [tolerans] n. A%, %, FHR; w. 4 WLBTMHS) HEAE
assist [o'sist] v. $£Bh, #HB)

Pennsylvania [pensil'veinja] n. A EBEM (EEMA)
mass [mees]n. KEH, K&

be [tjub] n. &, BT, [FE] Wik, <¥> BTE, BRE
play arolein ZE... PREEEMEH

Massachusetts [.maesa'tfu:sits] n. DhE¥iEZE M

complicated ['komplikeitid] adj. HE %), HEREH

rotor [routa(r)] n. CEMLED) #7F, (HANK) KPR
blade [bleid] n. J17), Tk

rotor blades ¥ F M A

compound ['kompaund] adji. &K

prone [praun] adj. i+

inturn KK, A

setup WL, UB37, ZEHE, A, FE, €] (LX), ®i, il
demonstration [.[demens'treifen] n. 7"3E, SEiE

convince [kan'vins] vt. {£#if5, FERK

award [o'wo:d] vt. #F, K& n %, K&

thereafter [Ocar'a:fte] adv. HJ5, MWK LG

subcontract [sAb'kontraekt] n. ¥ 84 F

servomechanism ['sa:van'mekanizem]n. faAlfk &4

cabinet ['keebinit] n. #F

prototype [prautstaip] n. &

punched tape % fLAKH
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grant [gra:nt] ve. [AE, #ETF, &N
Notes

1. In 1945, at the end of World War 11, several events led to an experiment that changed metal
manufacturing.
1945 4, A, HILGFEESE MG TE) ZESENT (FEFm K
23k, H: that changed metal manufacturing & 5635 M AJ, FIKMEM experiment. HIfE5
FEAD R (36 53 7E B SO b HF R B, Z BR LA AT], 4 Tk A 7R A DUERIE & It
XFRMAABRER., BiEhoaFEHNR.

2. 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.
gm T EEM TS, S&eRY CER fgmr=apRymd TERE, &FHa
TR TR T . P being produced HIRAEM products, Frvid 2 IEHHE K7
Wl o

3. In an effort to generate an accurate rotor blade for a helicopter, they experimented with
complicated tables of coordinates and manual machines.
S T R AN E PO TR, AR S 200 2 AR TIE & 5 E @R
ITiRK .

1.3 Numerical Control Definition, Its Concepts and Advantages

Numerical control has been used in industry for over 50 years. 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.() The program is translated into corresponding electrical
signals for input to motors which run the machine. Numerical control machines can be
programmed manually. If a computer is used to create a program, the process is known as
computer-aided programming. The approach taken in this text will be in the form of manual
programming.

Traditionally, numerical control systems have been composed of the following components:

Tape punch: converts written instructions into a corresponding hole pattern, the hole
pattern is punched into tape which passes through this device.@® Much older units used a
typewriter device called a Flexowriter. Newer devices include a microcomputer coupled with a
tape punch unit.

Tape reader: reads the hole pattern on the tape and converts the pattern to a corresponding
electrical signal code.

Controller: receives the electrical signal code from the tape reader and subsequently causes

— 4 —
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the NC machine to respond.

NC machine: responds to programmed signals from the controller. Accordingly, the machine
executes the required motions to manufacture a part (spindle rotation on, spindle rotation off, table
or spindle movement along programmed axis directions, etc.).

See Figure 1.2.

Part drawing ﬁi‘?ﬂ?ﬁ‘@(ﬂ‘f Program Program
(dlmensmns UM TR HIR) punched instructions sent
manufacturing notes onto tape to NC machine
FTRIfEgH CEESESHUR M
iLp_| ’ LR BIFRL)
X / - :
—or (?&%??Lﬂ)Tape punch S ooo
- Written '

NC Tape reader / /
program and -
f\?;rl::t{;cture EERERE) » controller ~ A
P R, = GE#FHLRIERIR) . . Partis.
IS ER) . Microcomputer pep . manufactured

(FAHL) (A FAHL) NC machine (nL®H)

: (BEEHUR) . :
Components of traditional NC systems ({44t NC RERIA R
Figure 1.2

NC systems offer some of the following advantages over manual methods of production: @
1. 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.

AN bW N

Better production planning and placement of machining operations.®
Vocabulary

approach [o'preutf] n. 77k

corresponding [koris' pondin] adj. AHMNAT, —8H, FEm ' S

be known as A K& ' ;
punch [pant[]ve. 3T, #T9L, & '

convert [kan'va:t] n., vt. $#, &

pattern ['peeten] n. &S, KA, R

flexowriter [ flekso,raita] n. HLAEITFHL

couple [knapl] vt. E&, E&, %& vi 4F, gt 0. (—) X, (—) X, KA
subsequently ['sabsikwantli] adv. =P =P 3

respond [ris'pond] v. [EIE, WA, R RN
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accordingly [o'ko:dinli] adv. Bk, T&, MM, WHETHTE, &EXHh
spindle ['spindl] n. 4, Hl

table ['teibl]n. TYE&

offer ['ofa] vt. 124

optimum ["aptimem] adj. EAEK, BAEFIM, BEEH

repeatability [ripi:t a'biliti) n. W EHE M

scrap [skreep] n. KEL, M

placement ['pleismant] n. ZH, ME

Notes

1. A complete set of coded instructions for executing an operation is called a program.
code: KFHANE code RAMMBIE, ARELAKENIEST—mEG. XERME
(it 22 AHA R B instruction, FEAMIME R FrEREFREM THITHR—BAEN
—BERBERRNTEL

2. Tape punch: converts written instructions into a corresponding hole pattern, the hole pattern is
punched into tape which passes through this device.
WAL BTN SRR LI, HH X LT e T R F A
#E#r 1o, Hd: which passes through this device £ 4 € ¥ 1& i tape.

3. NC systems offer some of the following advantages over manual methods of production.
I F THETS, NC Z4AH FFLH. HHF: A offer some advantages over B &
— A+ RNEE, RoR A LB HAEMLS.

4. Reduced tooling costs, tool wear, and job setup time.
BRAEIN T AAS, i/ )] BB S 1 b AE % B [H]

5. Better production planning and placement of machining operations.

R T S AT A B R A R AE 2ok

1.4 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.() The on-board
computer, on the other hand, is "soft” wired. Thus, the machine functions are encoded into the
computer at the time of manufacture. They will not be erased when the CNC machine is turned off.
Computer memory that holds such information is known as ROM or read-only memory. The MCU
usually has an alphanumeric keyboard for direct or manual data input (MDI) of part programs.
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. All programs residing in RAM, however, are
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