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Unit 1 History of NC and CNC

Part I Technical and Practical Reading

e Passage A

History of Numerical Control

Time Line ( Milestones) for Numerical Control (NC)

Knitting machines in England controlled by punched cards—1725.

M. Fourneaux—made the first automatic player piano operating with forced air through perfora-
ted rolls of paper—1863.

Eli Whitney (Figure 1-1) developed jigs and fixtures—American system of
interchangeable parts manufacture—1870 ~ 1890.

John Parsons, Parsons Corporation, Michigan, Whitney’ s developed a con-
trol system that directed a spindle to many points in spindle succession—1947.

Servomechanism Laboratory of Massachusetts Institute of Technology ( MIT) ,
added computer to Parsons system—1951. ’

Cincinnati Milicron Hydro-Tel Vertical Spindle Milling Machine, the first

three-axis numerically controlled, tape-fed machine tool—1952.

NC was announced to public—1954.

First production NC machines were delivered and installed—1957.

NC and CNC machine tools commonly available—1960 up to today.
Where did NC come from?

NC’ s roots may go back to the 1720s when the jacquard loom was devised that used holes in
punched cards to control the decorative patterns woven into the cloth. Perhaps a more familiar ances-
tor of numerical control is the player piano ( Figure 1-2. An ancestor of NC). Originating in the

1860s, player pianos use a roll of punched paper to control the actuation of the keys and notes.
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Numerical control, as we know it today, started out before the advent of the microprocessor

used in contemporary computers. The U.S. Air Force is
generally credited with being the prime force in‘the devel-
opment of NC. The introduction of the turbojet engine
permitted a considerable increase in the speed of combat
aircraft, which resulted in increased stresses on aircraft
structural members. »

The first successful NC machine, funded by the Air
Force, was demonstrated by the Massachusetts Institute of
Technology in 1952. It was a “retrofitted” Cincinnati
milling machine (Figure 1-3. The first successful NC ma-
chine, developed by MIT). It had the ability to coordi-

Figure 1-2

nate the axis motions to machine a complex surface. The first “commercial” NC machines were

shown at the 1955 National Machine Tool Show.

Figure 1-3

The first generation of NC machines used large vacuum-tube-based controllers that consumed a

great deal of electrical power, generated a lot of heat, occupied a large area of floor space, and left

much to be desired with respect to reliability. Second-generation models replaced the vacuum tubes

with transistors for increased reliability, decreased power consumption, and to occupy less space.

Third-generation models featuring integrated circuitry and modular circuit design reduced costs and

increased reliability still further.

These first and second generation controllers had no memory. The controller had to be “fed” its

instructions, one at a time, from an external source, a tape reader ( Figure 1-4. A pre-CNC electro-

mechanical tape reader and NC tape). The controller would accept a single instruction, execute that

command, accept the next command, execute it, accept another command, etc.
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The commands were encoded on a paper tape. As the tape passed through the tape reader, a
single block of information—the command—would be read and passed on to the controller for execu-
tion (Figure 1-5. The finger-like contact passes through
tape holes, touching electrical contacts in the drum). Af-
ter execution, the controller would signal the tape reader
that it was ready for another command. The tape reader
would then read the next block, and so on, until the en-
tire tape was read, passed on to the controller, and exe-
cuted. The last command on the tape was a code to cause
the reader to rewind the tape. The first command on the
tape was a code to tell the tape reader when to stop rewin-
ding to prevent the front end of the tape from coming off
the supply reel. Although NC machines like this are no
longer being made, a number of these machines are still
in use.

Numerical Control is a technique involving coded,

numerical instructions for the automatic control and per-

Figure 1-5

formance of a machine tool. It is a method of controlling
machine tool movements with the aid of a number language. This system was soon universally adopt-

ed by industry and has made it possible to produce large quantities of identical parts.
Notes

1. NC’s roots go back to the 1720s when the jacquard loom was devised that used holes in
punched cards to control the decorative patterns woven into the cloth.

#] ¥ B when the jacquard loom. . . B[ 5 i & M4 , & the 1720s; T that used holes. .
Br5| R A, W4 8 A, #545 the jacquard loom,

2. The first generation of NC machines used large vacuum-tube-based controllers that consumed
a great deal of electrical power, generated a lot of heat, occupied a large area of floor space, and
left much to be desired with respect to reliability.

i that consumed a. .. G RIS A EIB M H]; consumed. .., generated a. .. , occupied

. # left much... g3,

New Words

milestone [ 'mailstoun] n. HEEM
punch [pantf] ». %%

automatic [ orte'meetik] o HEH
player ['pleia] n. #BHR
perforate ['po:foreit] » BE.

jiig [daig] n. R
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fixture ['fikstfo] n. EESH

interchangeable [ inta'tfeindzob(2)1] a. X EHHK)
part [pait] n. FH

manufacture [ menju'fektfo] n. HlrEdk; o #E, WL
spindle ['spindl] n. FH

servomechanism [ 'sorvou'mekonizom] n. fARPLA
hydro-tel [ 'haidrou'tel] a. WHHK

vertical [ 'vortikel] a. FEEHM

feed [fixd] o %

install [in'storl] o R

loom [luzm] n. ZAHHL

devise [di'vaiz] o». #&it

decorative [ 'dekorativ] a. 2By

pattern ['peeton] n. HER, BRX

actuation [ 'mktjueifon] n. B3l

note [nout] n. S

microprocessor [ jmaikrou'prausesa(r) 1 n  HALCEERR
advent ['mdvonmt] n. =4

contemporary | kon'temporari] a. [RATHIH)
turbojet [ 'taboudzet] n. REWEL

considerable [kon'sidorabl] a. HUEH, XY N
aircraft [ 'eokra:ft] n. TKITER

stress [stres] n. PLA

demonstrate [ 'demonstreit] ». R

retrofit [ 'retrafit] o. BAET

coordinate [ kou'oidinit] v. HFE

axis ['eksis] n. B

complex ['kompleks] a. HZH

commercial [ko'mo:fol] a. FHILPER

vacuum ['vekjuom] n. HEZE

controller [kon'troula] n. 8%

consume [kon'sjum] o {H#

reliability [rijlaio'biliti] n. TFI¥EHE

transistor [ tren'zista] n. MmEEH

consumption [ kon'sampfon] n. JHFE
feature [ 'firtfo] n. HRME; v Bheeee RRE
modular ['modjule] a. HBEIREY

circuit [ 'sotkit] n. HLBE

memory | 'memori] n. TR
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instruction [in'strakfon] n. 354
execute [ 'eksikjuit] v PFT

external [eks'toml] ao. AMEHY

encode [in'koud] v 4B

block [blok] n. RBFE#, Y
rewind [rir'waind] o [
performance [ pa'formons] n. AT
adopt [o'dopt] » RH

identical [ai'dentikol] o SE4HFK

Phrases and Expressions

Numerical Control (NC)  ##
knitting machine 4345 #l,
jacquard loom {27E41#]
punched card ZEf,F
decorative pattern & i & &R
Massachusetts Institute of Technology (MIT)  JR45 B T 2% Be
milling machine &EpF :
go back to B HIF|
air force 2Z3Z
result in 83
electrical power Hi &
with respect to &
replace. . . with. .. F§------ BUAR -
integrated circuitry £ R B%
one at a time [&] — B[] — K
external source APER IR
tape reader 4547 BRIEHL
pass on to 'f?ﬁ@] """
come off [iE
supply reel {it7#%
be in use YEf# A
with the aid of ZE----HHFH T
be épplied to FETF, MAT
in the form of [J------ I
EXERCISE 1
Mark the following statements with T( True) or F( False) according to the passage.
1. In 1957, first production NC machines were put into production.

2. According to the passage, NC’s roots go back to the 1820s.
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3. The first NC machine funded by the Air Force was demonsirated by the Cincinnati Milicron
Company in 1952.

4. Third-generation models featuring vacuum tubes with transistors reduced costs and increased
reliability.
5. Numerical control is a technique, and it is a way of controlling machine tool movements with

the aid of a number language.

EXERCISE 2
Translate the following phrases into Chinese or English.

1. numerical control

2. LKAl

3. punched card

4. K

5. integrated circuitry

6. SMERTR

7. decorative pattern

8. Bl &

9. air force

10. 47 B BEAL
EXERCISE 3

Fill in the blanks with the suitable words or phrases given below, changing the form where
necessary.

manufacturing, numerical control, a microcomputer, punch cards, instructions, a

controller, machine tools, a tape reader, perform, advanced technologies

1. machines are machines that are automatically operated by commands.

2. These early machines were often fed instructions that were punched onto

3. NC machines are used in tasks, such as milling, turning, punching and drill-
ing.

.4. In modern NC technology, the machine control unit (MCU) consists of and re-
lated control hardware.

5. Programmed are changed into output signals that in turn control machine opera-
tions.

6. Prior to the advent of NC, all were manually operated and controlled.

7. An industrial robot is actually a form of an NC machine, and its motion is controlled by

8. An NC machine can be programmed to a series of operations and run itself.
9. was used to interpret the instructions written on the tape for a machine.
10. Like so many , NC was born in the labs of the Massachusetts Institute of Tech-

nology.
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EXERCISE 4
Translate the Chinese parts given in the brackets into English.

1. The manufacturers have never stopped (Xt Hr BIBAEHLR B BFSY) .

2. These NC components (BEFTHEHN).

3. We must try our best to surpass advanced world levels in (RAEEEITS5H
).

4. With the common efforts from both sides, (BT —RBEBYLKRIEER
FHB*=T).

5. To develop the machine tool industry of our country, we must introduce not only foreign
funds, (BRLFI # BN SR L) -

e Passage B

History of Computer Numerical Control

CNC or “ Computer Numerical Controlled” machines
are sophisticated metalworking tools that can create compli-
cated parts required by modern technology. Growing rapidly
with the advances in computers, CNCs can be found per-
forming work as lathes, milling machines, laser cutters,
abrasive jet cutters, punch presses, press brakes, and other

industrial tools. The CNC term refers to a large group of

these machines that utilize computer logic to control move-
ments and perform the metalworking ( Figure 1-6. The early
CNC machine tool).

Figure 1-6

With the advent of the microprocessor chip, it became practicable to provide the controller with
its own memory. This permitted the tape of program instructions to be read by the controller’ s tape
reader only once and then stored in the controller’ s memory. Magnetic tape recorders and floppy
disk drives were also being used for program recording and storage. The tape or disk could then be

taken out and stored for future use. Alternatively, the controller could be connected directly to the
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computer to receive its instructions without the use of any intermediate medium. In addition, the
controller could be fitted with its own keyboard for directly entering the program, called Manual DataA'
Input (MDI). Whatever the method for instructing the controller, the controller could then execute
the program by reading from its own memory.

Debugging an NC program before the advent of CNC required making a new tape, trying out the
new tape, finding the next error, making another tape, and so on. The process of debugging a new
program could require making a dozen or more punched tapes until an error free program was a-
chieved. Engineering changes required a new tape to be made and debugged.

The introduction of CNC, with the NC pro-
gram stored in the controller’ s memory, made it
possible to access the program directly in the control-
ler’ s memory, making all the needed changes by ke-
ying in from the controller’ s keyboard ( Figure 1-7.
The front panel of a CNC controller). When the
program is finally debugged, the CNC controller can
be connected to a punched tape or other recording

device to output the edited program, to be saved for

future use.

The microprocessor chip is a kind of comput- Figure 1-7
er—a special-purpose computer. Hence such NC
machines came to be known as computerized NCs-or
CNCs. The canned cycle circuit boards were de-
signed into the microprocessor chips and made a lit-
tle fancier by adding still more canned cycles, such
as peck drilling for deep holes, rectangular and cir-
cular pocket milling, and even routines to calculate
and drill bolt circle patterns ( Figure 1-8. The small

microcircuit in the center contain more functions).

Calculator routines were built into CNC con-

Figure 1-8

trollers that could scale up or down all axis moves
for producing families of parts. Other built-in calculator routines yield the ability to take into account
the diameter of the cutter in case it is undersize or oversize. All of these capabilities and more are
being “built in” to the modern CNC controllers. Some controllers will even ask you predetermined
questions on a screen display and build the program from your answers.

Automated equipment is not always NC controlled. Automation is the process of controlling
manufacturing systems to perform repetitive operations with a minimum of human intervention. Auto-
mation may or may not be computerized. Computerization of manufacturing processes enhances flexi-
bility. To change the method of operation one needs only to change the computer program with per-

haps minor changes to hardware such as tooling. NC and manipulative robots are examples of com-
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puterized automation equipment.

These machines are grouped together in the
factory and connected by a conveyer mechanism
to transfer the engine blocks from one machine
(or station) to the next. Each machine may have
a mechanism to automatically load and unload the
workpiece, and automatically measure critical di-
mensions and shunt defective parts off to the
side. Collectively, these machines are called a
transfer line ( Figure 1-9. A multi-station non-nu-
merical control high-velume production machine
tool transfer line). They are still the most effi-
cient and cost-effective means to achieve high-

volume production such as in the automotive and

Figure 1-9

many other industries. They may require little, if any, human intervention, and hence are a form of

automation.

New Words

sophisticated [ so'fistikeitid] a. HE A, R¥H
metalworking [ 'metolworkin] e £BIMTH
complicated [ 'komplikeitid] a. HZ4H

lathe [leid] n. ZEER

abrasive [ a'breisiv] «. HBAHFEERAK

utilize [ 'jurtilaiz] ». ZEFH

logic ['lodzik] n. 2%

chip [tfip] n. R

practicable [ 'preektikobl] a. E[TH]

recorder [ri'korda] n. iCFH%

drive [draiv] n. IRZI2%

alternatively [ o:l'tornativli] adv. FRIIEFEHE
medium [ 'mirdjom] n. 4

keyboard [ 'kizbo:d] n. 4%

debug [dir'bag] » K

achieve [a'tfirv] v 3B

engineering [ jendzi'niorin] n. TIT&

access ['mkses] v if[H]

edit [ledit] v. 3B

save [seiv] v TEfE

fancy ['fensi] a. $FFIH
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peck [pek] n. HH

rectangular [rek'tepgjula] o K HEH
circular ['sotkjulo] e HEHW

pocket ['pokit] n. i§

mill [mil] » &

routine [rui'tin] n. B

calculate [ ‘'keelkjuleit] v &

bolt [bault] n B4

calculator [ 'keelkjuleita] n. J1H3F
built-in ['bilt'in] o HNEH

digmeter - [dai'emita] n. HE

cutter [ 'katoa] n. 7]

undersize ['andosaiz] a. RTAREN
oversize ['suvo'saiz] a. R FFKHE
capability [ keipa'biliti] n. fEfB
predetermined [ 'prirdi'tormind] a. FIGHREN
screen [skriin] n. FRE

display [di'splei] n. Bx&, B&R
automated [ 'ortomeitid] o HBHILH
repetitive [ ri'petitiv] a. WEXEHN
minimum [ 'minimom] n. HZ
computerization [ kompjustorai'zeifon] n. IELIL
hardware ['haidwea] n. W&

tooling ['tuilip] n. E#RIJE
manipulative [ mo'nipjuletiv] a. TFIERHUM
robot ['roubot] n. #HLEA

monitor [ 'monita] v. WM

overall ['suvoroll]l a. EBAK

direct [di'rekt, dai'rekt] ». R
individual [ jindi'vidjusl] a. BAK
conveyer [kon'veia] n. fEE1EE
mechanism [ 'mekonizom] n. #Hl#

load [loud] o 2%

unload ['an'loud] o». HE

dimension [di'menfon] n. R}

shunt [ fant] o. 43B&

defective [di'fektiv] a. ABIEH
cost-effective [ kosti'fektiv] a. HBEAEWEHN

automotive [ o:to'moutiv] a. KEH



