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Unit 1 History of NC

Text

Welcome to the world of numerical control (NC). Numerical control has become popular in
shops and factories because it helps solve the problem of making manufacturing systems more flexi-
ble. In simple terms, a numerical control machine is a machine positioned automatically along a pre-
programmed path by means of coded instructions. The key words here are “preprogrammed” and
“coded”. Someone has to determine what operations the machine is to perform and put that informa-
tion into a coded form that the NC control unit understands before the machine can do anything. '’
In other words, someone has to program the machine.

Machines may be programmed manually or with the aid of a computer. Manual programming is
called manual part programming; programming done by a computer is called computer aided pro-
gramming ( CAP). Sometimes a manual program is entered into the machine’s controller via its own
keypad. This is known as manual data input (MDI).

Advances in microelectronics and microcomputers have allowed the computer to be used as the
control unit on modern numerical control machinery. This computer takes the place of the tape read-
er found on earlier NC machines. In other words, instead of reading and executing the program di-
rectly from punched tape, the program is loaded into and executed from the machine’s computer.
These machines, known as computer numerical control (CNC) machines, are the NC machines be-
ing manufactured today.

In 1947, John Parsons of the Parsons Corporation, began experimenting with the idea of using
three-axis curvature data to control machine tool motion for the production of aircraft components. In
1949, Parsons was awarded a U. S. Air Force contract to build what was to become the first numeri-
cal control machine. In 1951, the project was assumed by the Massachusetts Institute of Technology
(MIT) . In 1952, numerical control arrived when MIT demonstrated that simultaneous three-axis
movements were possible using a laboratory-built controller and a Cincinnati Hydrotel vertical spin-
dle. 1 By 1955, after further refinements, numerical control became available to industry.

Early NC machines ran off punched cards and tape, with tape becoming the more common me-
dium. Due to time and effort required to change or edit tape, computers were later introduced as
aids in programming. Computer involvement came in two forms: computer aided programming lan-
guages and direct numerical control (DNC). Computer aided programming languages allowed a part
programmer to develop an NC program using a set of universal “pidgin English” commands, which
the computer then translated into machine codes and punched into the tape. ] Direct numerical con-
trol involved using a computer as a partial or complete controller of one or more numerical control
machines ( Fig. 1-1). Although some companies have been reasonably successful at implementing
DNC, the expense of computer capability and software and problems associated with coordinating a

DNC system renders such systems economically unfeasible for all but the largest companies. (4]



Recently a new type of DNC system called distributive numerical control has been developed
(Fig. 1-2). It employs a network of computers to coordinate the operation of a number of CNC ma-
chines. Ultimately, it may be possible to coordinate an entire factory in this manner. Distributive
numerical control solves some of the problems that exist in coordinating a direct numerical control
system. There is another type of distributive numerical control that is a spin-off of the system previ-
ously explained. In this system, the NC program is transferred in its entirety from a host computer
directly to the machine’s controller. Alternately, the program can be transferred from a mainframe
host computer to a personal computer (PC) on the shop floor where it will be stored until it is nee-

ded. The program will then be transferred from the PC to the machine controller.

MAIN

HOST

o COMPUTER
COMPUTER
COMPUTER LE;L MANA< COMPUTER]
COMPUTER| |COMPUTER COMPUTER| ~ [COMPUTER
bbb bbd bbb bhd
NC CONTROLLED,
NG NG NE NC MACHINE TOOLS
MACHNE MACHINE MACHINE MACHINE L AL L .
Fig. 1-1  Direct numerical control Fig. 12 Distributive numerical control
Technical Words
numerical [ nju(:) 'merikal ] adj. BUFH
manufacture [ jmeenju'faektfo ] v. HlfE, T
n i, & P
automatically [ orto'meetikali ] adv. Hahih
program [ 'prougreem | wafohove-s ) 4 () BFF
n. &%

instruction [ in'strak fon ] n. 84
preprogram [ priz'prougrem | v. WigREESF

code [ koud ] v. YRhg
n. X%, Fahd



information [ ;infa'meifon ]
manually [ 'meenjuali ]
keypad [ 'kizpeed ]

data [ 'deito |

input [ 'input |

microelectronics [ 'maikrouilek'troniks ]

execute [ 'eksikjuit ]

punch [ pantf]

load [ loud ]

component [ kom'paunant |
technology [ tek'noladzi ]
spindle [ 'spindl ]

medium [ 'mizdjom ]

command [ ka'maind ]

translate [ trens'leit |
controller [ kon'traula ]
software [ 'softwea |

coordinate [ kou's:dinit ]

network [ 'netwark |

transfer [ treens'for ]

mainframe [ 'meinfreim |

store [ stor]

Technical Phrases

numerical control (NC)

control unit

manual programming

computer aided programming ( CAP)
manual data input (MDI)

tape reader

punched tape

computer numerical control ( CNC)

n {58
adv. Fahith, AT
n KX

n Bl B%
n. HA

v. BiA

n. ffH

v. $AT

n. PAT

v. e, FT4L
n. AL IR
v. BE, nE
n. W B
n. TZ; #K
n. Fhl

n. Jiik; B
n. s

v. 4, f84%
v. ¥AR Ny, BEE
n. FElE

n. B4

v. VA% PhE
n. AAR

n R

v. ik A
n. f&is, %
n. FHL, KB
v. fefd, T
n. fi§4&

TR ()
B, R
F T4
VS

T WA
L

S
PHRHLACT Ee



machine tool HLIK

punched card FiF

direct numerical control ( DNC) HEREEH

distributive numerical control ( DNC) 430 BT

host computer FEHL

personal computer ( PC) N AIHEHL
Notes

(1) Someone has to determine what operations the machine is to perform and put that informa-
tion into a coded form that the NC control unit understands before the machine can do anything.

FA]H Someone EF 1%, has to determine 5 (has to) put ZFNIFFHIIEIE, EiEMNA]
the machine is to perform {&/fii operations; i€ 1% M ] that the NC control unit understands 16 i
form

(2) In 1952, numerical control arrived when MIT demonstrated that simultaneous three-axis
movements were possible using a laboratory-built controller and a Cincinnati Hydrotel vertical spin-
dle.

BLAE 43 1R) %15 using a laboratory-built controller and a Cincinnati Hydrotel vertical spindle 7F
AHRERTE

(3) Computer aided programming languages allowed a part programmer to develop an NC pro-
gram using a set of universal “pidgin English” commands, which the computer then translated into
machine codes and punched into the tape.

using a set of universal “pidgin English” commands J& I 7E 418 S 1EVEIR1E; which 5| R
A PR E M E 1 A B i NC program,,

(4) Although some companies have been reasonably successful at implementing DNC, the ex-
pense of computer capability and software and problems associated with coordinating a DNC system
renders such systems economically unfeasible for all but the largest companies.

FAWFIERK, HA0 A expense; computer capability, software, problems associated
with coordinating a DNC system {f expense {]E 15 ; iH1& 3 j& render, 4}, associated with
coordinating a DNC system &3 2% 43 1A 45 1&, /E problems #) )5 B & 1&; but m4yid, =
%] 4 l}/% ...... Zyl‘ ” e

Exercises

(1) Place a “ T” after sentences that are true and an “ F” after those that are false.

1) An NC machine is positioned automatically along a preprogrammed path by means of coded
instructions.

2) CNC stands for computer numerical control.

3) According to the last sentence of paragraph 5, DNC systems are economically unfeasible for
all companies.

4) In a distributive numerical control system, it is impossible for the NC program to be trans-



ferred in its entirety from a host computer directly to the machine’s controller.
(2) Fill in the blanks according to the text with the words given below. Make changes if neces-
sary.

manually punch controller network
1) Machines may be programmed or with the aid of a computer.
2) A manual program is sometimes entered into the machine’s via its own keypad.
3) Early NC machines could run off cards and tape, with tape being the more com-
mon medium. .
4) A distributive numerical control system uses a of computers to coordinate the op-

eration of many CNC machines.

[&%iFx]

FLR BEERRED LR

AR BB AR (NC) A, B TFHFERERHEREZMER, AmC ZiH
FILI5%M, @52, BEVURREESRSHESFEILREE BREHE B 3hE ALl
K, XEFSHEER “MmE” 5 Rk, YUKSTTET, LA ABE T EIURITH
L84, KIS BB BRSNS, BmEs, SOE APURSRE

MMITUF THREMTERF, REFFTHE; SETTEIVURSRR, BRAHHE
VU BIZFE (CAP), F T omlfmfRrA it al MHLRERZ AR, XEFh B A
(MDI) ,

M FHEAR SHANTEVM R R E M AL AT Mﬁﬁi’ém%ﬁﬁﬁﬁl$m B TR
B NC HURBI L. #midil, BFRHIUR ERHEVFBASITE, AR EERA
FILH . XATEALEEE (CNC) HUKEERE S5 HIEMEdE (NC) HUK.

1947 4F, Parsons /A H] ) John Parsons & F- 47— W%, fhAE A = %h b BEE5 48 R E 9L
RINTRALZEA4:, 1949 4F, Parsons ﬁﬂ%%%‘%%&ﬁ?%ﬂiﬁ%—ﬁﬁﬁm%%élﬁ]o
1951 4¢, EEBREE T2PAE TiX— o 1952 4F, BRABT 2Pt (MIT) FHRHLEZE
il 7 B4 il A A E AR R S R R R R = %%ﬁd]é’iﬂ%ﬁilﬂ XbrEERIENARNER, BT
1955 4%, JLABGHZ G, BEEBARIFHRMA T TIA,

BK) NC HURBBBTTHFIL R 5w, —EHEPUFAFEREM, HE, X THEHK,
R AR HT PR 9 0, JESREER AR N AR AR B TR o ST AL2E B b i N R A PR
ER: —BIHEVSBREES, —RLHEERFES (DNC), A TRV B R
a5, BFERAH—EEH “RBISEE" SRS NCEF, REHITEIGELBENILEG
HH B . BEEFEHRR A — &R — G52 G PR SEHE S 7 2 A 2 il
(WA 1-1), BRAEKAFZEH DNC ERERY), HE, P RKIHENER. WERAE. ﬁ}
¥ DNC R EHHRFXMREIFAEGHAAR, MREHTEKRAHE, :

B, —Fhm AR E M E R DNC 24 (WE 1-2) E&F LMk, BRI
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BHLMZR AL & CNC HLRIETT. XA & A TR AR T Miaks . X
Fift A TR D7 EE TR T PR R ) R G i B B — e xR, FERCEERR B, AT
EIF R 7 —F AT ERNRE . EXDNRGEF, A NCBF AV EERAwmBI
RERISS. B, RRGWAELEREERF N EVUE RS E AR (PC) %
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Unit 2 Machines Using NC

Text

Early machine tools were designed so that the operator was standing in front of the machine
while operating the controls. This design is no longer necessary, since in NC the operator no longer
controls the machine tool movements. On conventional machine tools, only about 20 percent of the
time was spent removing material. With the addition of electronic controls, actual time spent remo-
ving metal has increased to 80 percent and even higher. It has also reduced the amount of time re-
quired to bring the cutting tool into each machining position.

In the past, machine tools were kept as simple as possible in order to keep their costs down.
Because of the ever-rising cost of labor, better machine tools, complete with electronic controls,
were developed so that industry could produce more and better goods at prices which were competi-
tive with those of offshore industries. '’

NC is being used on all types of machine tools, from the simplest to the most complex. The
most common machine tools are the single-spindle drilling machine, engine lathe, milling machine,
turning center, and machining center.

1. Single-Spindle Drilling Machine

One of the simplest numerically con-
trolled machine tools is the single-spindle
drilling machine (Fig. 2-1). Most drilling
machines are programmed on three axes:

a. The X-axis controls the table
movement to the right and left.

b. The Y-axis controls the table
movement toward or away from the col-
umn.

c. The Z-axis controls the up or
down movement of the spindle to drill
holes to depth.

2. Engine Lathe

The engine lathe, one of the most

productive machine tools, has always been

a very efficient means of producing round ~
parts ( Fig.2-2). Most lathes are pro- Fig. 2-1  Numerically controlled
single-spindle drilling machine
grammed on two axes:

a. The X-axis controls the cross motion (in or out) of the cutting tool.

b. The Z-axis controls the carriage travel toward or away from the headstock.



3. Milling Machine

The milling machine has always been one of the most versatile machine tools used in industry
(Fig. 2-3). Operations such as milling, contouring, gear cutting, drilling, boring, and reaming
are only a few of the many operations which can be performed on a milling machine. The milling ma-

chine can be programmed on three axes:

Fig. 2-2  The engine lathe cutting tool Fig. 2-3 The vertical knee and column milling machine

moves only on the X and Z axes

a. The X-axis controls the table movement left or right.

b. The Y-axis controls the table movement toward or away from the column.

c. The Z-axis controls the vertical (up or down) movement of the knee or spindle.

4. Turning Center

Turning Centers were developed in the mid-1960s after studies showed that about 40 percent of
all metal cutting operations were performed on lathes. These numerically controlled machines are ca-
pable of greater accuracy and higher production rates than were possible on the engine lathe.

The basic turning center operates on only two axes:

a. The X-axis controls the cross motion of the turret head.

b. The Z-axis controls the lengthwise travel (toward or away from the headstock) of the turret
head.

5. Machining Center

Machining centers ( Fig. 2-4) were developed in the 1960s so that a part did not have to be
moved from machine to machine in order to perform various operations. These machines greatly in-
creased production rates because more operations could be performed on a workpiece in one setup.
There are two main types of machining centers, the horizontal and the vertical spindle types.

a. The horizontal spindle machining center (Fig. 2-5) operates on three axes:

a) The X-axis controls the table movement left or right.

b) The Y-axis controls the vertical movement (up or down) of the spindle.

¢) The Z-axis controls the horizontal movement (in or out) of the spindle.



Fig. 2-4 Machining center Fig. 2-5 Horizontal spindle machining center

b. The vertical spindle machining center (Fig. 2-6) operates on three axes:
a) The X-axis controls the table movement left or right.
b) The Y-axis controls the table movement toward or away from the column.

¢) The Z-axis controls the vertical movement (up or down) of the spindle.

Fig.2-6 Vertical spindle machining center

Technical Words

operator [ 'oporeito | n. BEE
operate [ 'opareit ] v. B4E; 817
electronic [ ilek'tronik ] adj. HTH
drill [ dril ] v. el

n. Bl

lathe [ leid ] n R
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milling [ 'milip ]
turning [ 'to:nip ]

table [ 'teibl ]

column [ 'kolom ]

part [ pazt]

carriage [ 'keeridz ]
headstock [ 'hedstok ]
contouring [ kon'tuarip |
bore [ bor]

boring [ 'bo:rip ]

ream [ riim |

reaming [ 'rizmin ]
knee [ niz |

accuracy [ 'ekjurasi ]
workpiece [ 'workpizs ]
setup [ setAp]
horizontal [ /hori'zontl ]

vertical [ 'vartikal ]

cutting tool
drilling machine
turning center
machining center
engine lathe
cross motion
gear cutting
metal cutting
production rate
turret head

lengthwise travel

Technical Phrases

Note

FZERMT

BEHI, ST

ZEH|

TR

SAE

4, 14

(PLRRY) Wt T4
FHhFE

BUE T
#(F.9.8) 1L
n. 8EfL; ST

v. B

n. &HL

n GG

n KEBAYE, WERRE, KE
n. 14

n EH; WA P
adj. 7KF-HY

adj. EEHM, HIH

BB oPes

B

i R

s

TR
BHIR
L
| I S
EFRZER (Al %K)
Bz 3h
HEn T
&R YIHI
i g 3
¥k sk
iz 5l

Because of the ever-rising cost of labor, better machine tools, complete with electronic con-

trols, were developed so that industry could produce more and better goods at prices which were com-

petitive with those of offshore industries.

] F F 15 J& better machine tools, 1HiE /& were developed; so that 5|5 4% FtR1E M 4]
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which 5|5 ) 1E I\ A& goods
Exercises

(1) Fill in the blanks according to the text with the words given below. Make changes if neces-
sary.
electronic axis cost operation program material

1) On conventional machine tools, only 20% of the time is spent removing

2) Due to the addition of controls, actual time spent removing metal has increased to
80% and even higher.

3) Machine tools used to be kept as simple as possible in order to keep their down.

4) Most drilling machines can be on three axes.

5) Milling, contouring, drilling, boring, and reaming are just a few of the performed

on a milling machine.
6) A basic turning center operates on only two
(2) Explanation;
NC CNC CAP MDI MIT DNC PC

[8XFx]
B2 By AR

Z AR RAL BAE T L AENURRIEAT AR BT . AT EXMBT T, Hh#H
YETHABERYBEVRKIETT. EEEIUR BT, A2 20% i B T D16 4
Ko BEEBIERAMIA, SEERUTEIAEH I E O 1% 2 80% LI L, Jf H44% 178 7] Rix A
BN AL B S E]

%, AMIRBREVURSHFES, LMERRRA. hTIsiAH i Bk, ATIHH Hh
PERBSESF LR, JHFECA BB, XA AT U4 E 2 E A A B dh, DL
B LB A E S

B (] B B e R UK BB R . B WIODURA . BB IR . EPX% IR
BER . WO B T L

1. BBhshR

BRI R R R R R BEEIURZ — (I 2-1) o ZEBEEIR AT =AM bkl b4 -

1) X R TESERES.

2) Y Rl TAE A SRS T LA,

3) Z Wil E8h B FaEsh, LA THRE.

2. BMRERR

EMRERRA PR ERMIURZ —, BRI T EFATARIEFARN TR, Ko
B RATFEP i e (A 2-2),



