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SECTION ONE TEXTS
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UNIT 1 COMPUTER NUMERICAL CONTROL OF
MACHINE TOOLS

Lesson 1 Introduction

One of the most fundamental concepts in the area of advanced manufacturing technologies
is numerical control (NC). The NC concept was proposed in the late 1940s by John Parsons
of Traverse City, Michigan. Numerical Control (NC) is any machining process in which
the operations are executed automatically in sequences as specified by the program that
contains the information for the tool movements. © In its earliest stages, NC machines were
able to make straight cuts efficiently and effectively.

In 1949, the U.S. Air Force awarded Parsons a contract to develop a new type of
machine tool that would be able to speed up production methods. Parsons commissioned the
Massachusetts Institute of Technology (M. 1. T.) to develop a practical implementation of
his concept. Scientists and engineers at M. L. T. built a control system for a two-axis milling
machine that used a perforated paper tape as the input media. In a short period of time, all
major machine tool manufacturers were producing some machines with NC, but it was not
until the late 1970s that computer-based NC became widely used. NC matured as an
automation technology when inexpensive and powerful microprocessors replaced hard-wire
logic-making computer-based NC systems.

When Numerical Control is performed under computer supervision, it is called

Computer Numerical Control (CNC) (Fig. 1-1).

impulse | Numerically
—

Computers are the control units of CNC machines; ﬁgsg‘éned servo system [—=; _ machine
. . . .  measure device ;
they are built in or linked to the machines via } ! L= —— |
L feed back i

communications channels. When a programmer
inputs some information in the program by tape
disk and so on, the computer calculates all necessary data to get the job done.

When the first Numerically Controlled (NC) machine was controlled by punched tape,
and because of that, the NC systems were known as tape-controlled machines. ® They were
able to control a single operation entered into the machine by punched or magnetic tape.
There was no possibility of editing the program on the machine. To change the program, a
new tape had to be made.

Today’s systems have computers to control data, they are called Computer Numerically

1
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Controlled (CNC) machines. For both NC and CNC systems, the work principles are the
same. Only the way in which the execution is controlled is different. ® Normally, new

systems are faster, more powerful, and more versatile.

New Words and Phrases

numerical control (NC) ¥ 554l measure device WEEE
computer numerical control (CNC) & impulse »n. fk
LB FEEH milling cutter £t 7]
advanced manufacturing technologies gt implementation n. T.H, {8, HiTd#
#) 3 H AR hard-wire n. BEEZRFEfE
Massachusetts Institute of Technology two-axis  n. BAFR
(M.LT.) BREMITHPB versatile adj. ZFEH, TTH, ZH
servo system fajlR &4 iR
Notes

D Numerical Control (NC) is any machining process in which the operations are executed

automatically in sequences as specified by the program that contains the information for
the tool movements.
BFEGHEBEMETEIR IR B35 B85 FEE NI H 3T 8REmmn T,
WA P EERAEEMNE, F— 4 M # %1712 machining process, in which | 5 M
/1] the operations are executed automatically in sequences as specified by the program that
contains the information for the tool movements. 7E %€ i& M 4] ¥ that contains the
information for the tool movements {E & 1& M4}, &4 the program,

@ When the first Numerically Controlled (NC) machine was controlled by punched tape,
and because of that, the NC systems were known as tape-controlled machines.

S B BEEPURM B b F LA R, B R G 8RR 0 484 R L .
® Only the way in which the execution is controlled is different.
R EH AT KR,
WA ET MR “the way is different”, “in which the execution is controlled” tERE
BN M the way,

Lesson 2 The Types of NC Machine

Since its introduction, NC technology has found many applications, including lathes
and turning centers, milling machines and machining centers, punches, electrical discharge
machines (EDM), flame cutters, grinders, and testing and inspection equipment. © The
most complex CNC machine tool is the turning center (Fig. 1-2). And the machining center
(MC) (Fig. 1-3) (Vertical machining center, with the tool magazine on the left and the
control panel on the right, which can be swiveled by the operator ) and (Fig.1-4)
(Horizontal machining center, equipped with an automatic tool changer). The EDM and
flame cutter are special type of NC machines (Fig. 1-5 and Fig. 1-6).

2



;D E®X

Fig. 1-2 A modern turning center

,,

Fig. 1-3 A vertical-spindle machining center Fig. 1-4 A horizontal-spindle machining center

Fig. 1-5 A EDM Fig. 1-6 A flame cutter machine

New Words and Phrases

lathe n. ZEJR electrical discharge machine (EDM) n. H
turning center n. ZEHI|HIN T A0 KA ALK

milling machine n. $EJK flame cutter n. Y ENHLIK

machining center n. #EHIHN T H0> grinder n. BBJIK
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machine center (MC) T #.L> automatic tool changer H 31 JJEZHHIH
vertical adj. LM, EEHM tool magazine J]JE
horizontal adj. KFEH, EFNH

Notes

(D Since its introduction, NC technology has found many applications...
W R AR, BT E MR
Ay its # 4% NC technology

Lesson 3 The Advantages and Disadvantages of CNC Machines

1. CNC machines have many advantages over conventional machines;® some of them are
as follows:

(1) There is a possibility of performing multiple operations on the same machine in one set-up;

(2) Because of the possibility of simultaneous multi-axis tool movement, special profile
tools are not necessary to cut unusual part shapes;

(3) The scrap rate is significantly reduced because of the precision of the CNC machine
and lesser operator impact;®

(4) Tt is easy to incorporate part design changes when CAD/CAM systems-are used;®

(5) It is easier to perform quality assurance by a spot-check instead of checking all parts;

(6) Production is significantly increased.

2. CNC machines also have some disadvantages:

(1) They are quite expensive;

(2) They have to be programmed, set up, operéted, and maintained by highly skilled
personnel.

Obviously, CNC machines have more advantages than disadvantages. The companies
that adopt CNC technology are increasing their competitive edge. As always with new
technology, the cost per CNC unit is being cut further and more companies can afford CNC
equipment, which enables them to answer the increasingly strong requirements f{or
production speed and quality that competitive markets demand. In the future the broader use

of CNC machines will be one of the best ways to enhance automation in manufacturing.

New Words and Phrases

advantage n. {5 precision n. }E

disadvantage n. Bt scrap n. JE &

perform wv. $fT CAD (computer aided design) i} 3 ¥l %
multiple adj. &4 Bt

simultaneous adj. BKZ) CAM (computer aided manufacturing) it
conventional adj. &K BHLE BB

set up 3 maintain v, 4E$7, PPIF

special profile tools I 71 H
4
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Notes

(D NC machines have many advantages over conventional machines;
HEVBENRMESEIURAE L R B REMH S
over, friF, Mat, Hid

@ The scrap rate is significantly reduced because of the precision of the CNC machine and
lesser operator impact;
BT HENBEIROREER, ZRESEWR/ADN, KRB %K.
because of BNy, HF----HEH
@ 1t is easy to incorporate part design changes when CAD/CAM systems are used;
XM CAD/CAM R4ijG, MEBAHERBITHNELAREEBRES.
WA it EER EiE, HEFEMEEBER “to incorporate part design changes”,

Lesson 4 The Construction of CNC Machines

CNC machine tools are complex assemblies. However, in general, any CNC machine
tool consists of the following units:

e Computers

Control systems

¢ Drive motors

® Tool magazine and changers

1. Computers

The computer reacts on. As with all computers, the CNC machine computer works on a
binary principle using only two characters 1 and 0, for information processing precise time
impulses from the circuit. There are two states, a state with voltage, 1, and a state with
voltage, 0. Series of ones and zeroes are the only states in which the computer distinguishes
a so-called machine language; it is the only language the computer understands. When
creating the program, the programmer need not care about the machine language. He or she
simply uses a list of codes and keys in the meaningful {nformation. Special built-in software
compiles the program into machine language and the machine moves the tool by its
servomotors. However, the programmability of the machine is dependent on whether there
is a computer in the machine’s control. © If there is a minicomputer programming, say, a
radius (which is a rather simple task), the computer will calculate all the points on the tool
path. On the machine without a minicomputer, this may prove to be a tedious task, since
the programmer must calculate all the points of intersection on the tool path. Modern CNC
machines use 32-bit processors in their computers that allow fast and accurate processing of
information.

2. Control Systems

There are two types of control systems on NC/CNC machines: open loop (Fig. 1-7)
and closed loop (Fig. 1-8). The type of control loop used determines the overall accuracy of

the machine.
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Work table

Stepping motor

lead screw

Fig. 1-7 Typical open loop control systems

Work table
pulse*

—:=|ﬁ1parator H Servo motor H Gear

feed back signal

position
sensor

/
lead'screw

Fig. 1-8 Typical close loop control systems

The open-loop control system does not provide positioning feedback to the control unit.
The movement pulses are sent out by the control unit and they are received by a special type
of servomotor called a stepper motor. The number of pulses that the control unit sends to
the stepper motor controls the amount of the rotation of the motor. @ The stepper motor then
proceeds with the next movement command. Since this control system only counts pulses and
cannot identify discrepancies in positioning, the machine will continue this inaccuracy until
somebody finds the error.

The open-loop control can be used in applications in which there is no change in load
conditions, such as the NC drilling machine. The advantage of the open-loop control system
is that it is less expensive, since it does not require the additional hardware and electronics
needed for positioning feedback. The disadvantage is the difficulty of detecting a positioning
error.

In the closed-loop control system, the electronic movement pulses are sent from the
control unit to the servomotor, enabling the motor to rotate with each pulse. The
movements are detected and counted by a feedback device called a transducer. With each step
of movement, a transducer sends a signal back to the control unit, which compares the
current position of the driven axis with the programmed position. When the numbers of
pulses sent and received match, the control unit starts sending out pulses for the next
movement.

Closed-loop systems are very accurate. Most have an automatic compensation for error,
since the feedback device indicates the error and the control unit makes the necessary
adjustments to bring the slide back to the position. They use AC, DC or hydraulic
servomotors.

3. Drive Motors

The drive motors control the machine slide movement on NC/CNC equipment. They
come in four basic types:®

(1) Stepper motors

(2) DC servomotors

(3) AC servomotors

(4) Hydraulic servomotors
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Stepper motors are used in open-loop control systems, while AC, DC and hydraulic
servomotors are used in closed-loop control systems.

4. Tool magazine and changers

Most of the time, several different cutting tools are used to produce a part. The tools
must be replaced quickly for the next machining operation. For this reason, the majority of
NC/CNC machine tools are equipped with automatic tool changers, such as magazines on

machining centers and turrets on turning centers.

~
o
—
~
—_
~

(g) h)

Fig. 1-9 A magazine Fig. 1-10  An automatic tool changer

They allow tool changing without the intervention of the operator. Typically, an
automatic tool changer grips the tool in the spindle, pulls it out, and replaces it with
another tool. On most machines with automatic tool changers, the turret or magazine can
rotate in either direction, forward or reverse, shown in Fig. 1-9, Fig. 1-10.

Tool changers may be equipped for either random or sequential selection. In random tool
selection, there is no specific pattern of tool selection. On the machining center, when the
program calls for the tool, it is automatically indexed into waiting position, where it can be
retrieved by the tool-handling device. On the turning center, the turret automatically

rotates, bringing the tool into position.

New Words and Phrases

assembly n. 3Efp, H¥EMH, £46 intersection n. 385

in general — it processor n. AbFESE
consist v, WHE, AR feed back &im

binary adj. Z % H discrepancies n. {2
impulse n. Jknb transducer n. {88
sensing n. {GRLES DC (direct current) Hi
graduate n. Z|FF AC (alternative current) X Hi
servomotor n. {a] iR H ¥ open loop F#H

tool path JJ EL.pg1% close loop M
minicomputer n. R+ EH] control system ¥H| &%
tedious adj. BB drive v, & n. K3y, Bl
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hydraulic servomotors ¥ /& fal it 88 L, & sequential selection M FF % JJ
JE 4k stepper motor 5 # HL#H]

automatic tool changers B zi# I turret n. FEIE T4

random selection [ #Hli% 7]

Notes

@ However, the programmability of the machine is dependent on whether there is a
computer in the machine’s control.
R, HURBRFATAERKBTHIRERH RETREAITEN.
4] M) “whether there is a computer in the machine’s control” #4137 on f 5 i&
M),

@ The number of pulses that the control sends to the stepper motor controls the amount of
the rotation of the motor.
2 ) BT R 4R 28 DL BK o B R e LB MR FR
Sea]H “that the control sends to the stepper motor” }5EiBEMA), BH “The number of
pulses”,

® They come in four basic types:
EANTE R B A A A
come in: JHHEF

UNIT 2 NUMERICAL CONTROL TECHNOLOGY
APPLYCATIONS

As with other expanding technologies, there is a tendency to consider numerical control
as a final solution to a broad rang of manufacturing problems; However, NC application in
certain manufacturing situations would be highly undesirable. The appropriate application
areas for NC, based on the criteria of number of parts to be produced and their complexity.

A NC machine is most efficiently used in an environment that takes advantage of the
inherent flexibility of NC. The precise level of control attributed to a numerically controlled
device enables it to perform complex operations often beyond the capability of a human
operator. For these reasons, numerical control is best suited to relatively low volume runs
of complex and varied components. However, NC can also be used to produce large numbers
of complex components and/or small numbers of simple ones.

Specific application areas for numerical control range from the manufacture of knitted
fabrics to the fabrication of structural members for jet air craft. © In the following sections
we presented a brief overview of some specific applications in which NC has been utilized.

1. Metal-Cutting Machine Tools

Numerical control was introduced and developed in the metalworking industry, and the
largest concentration of NC equipment remains in metalworking shops. NC has been
successfully implemented for milling, drilling, grinding, boring, punching, turning, and

8



