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SECTION ONE ENGLISH TEXT
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UNIT1 COMPUTER NUMERICAL
CONTROL OF MACHINE

Lesson 1 The Computer Numerical Control (CNC) System

Numerical Control, NC for short, is an automatic control method on the machine using
digitized signals (numeric and signs). 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.

CNC machine tools are known as machine tools with numerical control technology. According
to the 5th Technical Committee of International Federation for Information Processing (IFIP), CNC
machine is a machine tool with procedures numerical control system, which can process the
program prescript by specific code and other symbolic coding in a logic way.

Compared to the ordinary manual machine tools, the CNC machine operates automatically
under the program control (processing instruction).When Numerical Control is performed under
computer supervision,; it is called Computer Numerical Control (CNC) (Fig. 1-1). CNC system has
the computer system instead of a numerical control device. As defined by the EIA-owned CNC
Standardization Committee, CNC is a computer with a stored program, performing some or all of
the NC device features according to the control program stored in the computer read/write memory;
the only device outside computer is the interface. CNC system is composed of procedures, input and
output devices, computer numerical control devices, programmable logic controller (PLC), the
spindle drive and feed drive device.

Computers are the control units of CNC machines; they are built in or linked to the machines

impulse numerically servo systeﬂ—-—l machine 14]

-
trolle: : i
decociceu ¢ | measure device |

feed back T |
A i

Fig. 1-1 Components of CNC
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via 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.

New Words and Phrases

numerical control (NC) # F# 4

computer numerical control (CNC)  #+ A3k 5 441
advanced manufacturing technology sE3#t #] R K
Massachusetts Institute of Technology (M.I. T.) AHZELFE
servo system IR & %

measure device M FEE

impulse n. Bk

milling cutter 4£77

implementation » TR, 46L&, PAFidf
hard-wire n A&}

two-axis n. #RAF

versatile adj. $ 5 @8, %6, 2 Ak

Notes

(® 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.
HrEHIRERSHHROIR)ES S SRR 2 KR B3 3dT 8 n T g,
AP AR EEMNA, B —AMNAMSETHE machining process, in which 3|5 M 4]

the operations are executed automatically in sequences as specified by the program that contains the

information for the tool movements #£ A\ &) that contains the information for the tool movements

YEEEMA], 11 the program.

Lesson 2 NC Machine

1. 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 Horizontal machining center (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
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Fig. 1-2 A modern turning center

YO 1000

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. %A
turning center & #|im L P
milling machine 4t
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machining center 4tH]Aw L .

electrical discharge machine (EDM) & X #E4e THLAE
flame cutter £ EIHLAE

grinder n. BK

machine center (MC) AmL .

vertical adj. X&), £H8H

horizontal adj. RK-F#y, ErX 4%

automatic tool changer § 377 B 3 Bty

tool magazine 77 &

Notes

@ Since its introduction, NC technology has found many applications ...
BEERBRELR, BB T BRI
A its 848 NC technology

2. The Composition of CNC Machine Tools and Functions of Each Part

(1) CNC Machining Process

(® Carry on the processing process study; determine the processing plan, technological
parameter and displacement data according to the pattern.

@ Write the processing proéram to work part with the prescriptive code and format; or build
the processing program file for parts with the automatic programming software, and perform the
CAD/CAM work.

® Input or output the program. The manual-written program will be input on the NC machine
operation panel; the program generated by software will be transferred through serial communication
interface (such as RS232C, etc.) of the computer to the numerical control unit of CNC machine tool.

@ The process program in the CNC numerical control unit will operate test run and tool path
simulation etc.

® Run the program, complete parts processing through the proper operation of CNC machine
tools.

The basic principle of CNC machine tools:

First, write program based on components pattern combined with processing technology. Then
input the program to numerical control device through the keyboard or other input device (such as
perforated paper tape, floppy disks, etc.), the numerical control device decodes , stores and
interpolates the program, give the command signal to the servo system of all the coordinates, in
order to drive servo motor rotation, hold the relative position of the tool and workpiece and carry
out their movement through the transmission, ensure theirs position accuracy through the position
detection feedback. At the same time, initiate other necessary supporting actions through the PLC
system, such as automatic transmission, the automatic opens and stops of the cooling lubricant, the
automatic clamp and release of the workpiece, the automatic change of tools, etc. All of these
operations, together with the feed movement, gnarantee the automatic processing of parts.

4
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(2) Compesition of CNC Machine and the Function of Each Part
CNC machine tools comprises of six parts: control media, NC system, servo system, feedback
devices, assistive devices and machines body, as shown in Fig. 1-7.

CNC
Con?rol CNtC machine
media system Auxiliary devices tool body

Feedback Position monitor
devices Speed monitor

Fig. 1-7 Block diagram of the system of CNC machine tools

(D Control media, also known as the information carrier, is the physical medium between
people and computers, reflecting all the information in the NC.

@ CNC system is the core of the CNC machine tools, which ensure the automatic processing.
It mainly consists of input devices, monitors, control system, programmable logic controller (PLC),
input and output interfaces and so on.

Monitors are composed by the display and keyboard. Display could be digital LED, CRT, LCD
and other forms. It shows the NC program, various parameters, interpolation value, coordinates,
fault information, man-machine dialogue programming menu, part graphics, and dynamic cutting
tool path.

The main control system consists of CPU, memory, controller and other components. There are
two ways of control, computing process control and timing logic control.

Interpolation operation module in the master controller data can carry on the tool path
interpolation operation after decoding and coding the input program, and control the displacement
of the coordinate axis by comparison to the feedback signals of each axis® position and velocity.

The sequential logic control completes task by programmable logic controller (PLC). It
coordinates the requirements of each operation in the machining, determine the detection signals
logically, and then control the machine tools to work methodically.

@ Servo system is the electric transmission link between the numerical control system and
machine tool body. It consists of a servo motor, drive control system and position sensing feedback
device and other components. It is used to control the servo of feed and spindle.

a. Feed servo system is the executive part of the feed movement, including the position control
unit, speed control unit, servo motor, measuring feedback unit and other parts. It recetves various
commands of moves from computer to drive the servo motor movement. Servo motors has three
types, stepper motors, DC servo motor and AC servo motor. Performance of feed servo system has
immediate affects on the machining accuracy and production efficiency of CNC machine tools.

b. Spindle servo system is the part that transmits torque in cutting machine, generally divided

5
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into gear variable speed and electric continuously variable speed. Spindle servo pump is composed
of the spindle drive control system, the spindle motor, and spindle mechanical transmission etc.

@ Feedback devices include optical pulse encoder, grating position sensor, linear sensor
synchronizer and other devices.

® Auxiliary devices include automatic tool changer, automatic change pallet table mechanical,
clamping and release mechanical, rotary table, hydraulic control systems, lubrication equipment,
cutting fluid devices, chip removal device, overload and protection devices.

® CNC machine tool body is the mechanical structure of ontology entities, composed by the
main transmission, table, bed and spindle components. Compared with ordinary machine tools,
CNC machine tools have had a sweeping change in its overall layout, appearance, transmission, tool
system and operating mechanism, and, specifically summarized as follows:

a. Has the great transmission power, high stiffness, good vibration and small thermal
deformation with high performance main drive spindle parts.

b. Has the short transmission chain, simple mechanism, high driving precision with the good
transmission parts, such as the ball screw, synchronous gear belt etc, so as to ensure the
transmission accuracy.

c. Has the perfect tool automatic exchange and management system (especially the CNC
machining center).

d. Generally, has the mechanism of automatic exchange workpiece, clamping and relaxing
workpiece in CNC machining centers.

¢. The machine itself has a very high dynamic and static stiffness with some high precision and
small friction coefficient components, such as plastic coated guide rails, linear roller guides rail and
static guides rail etc.

f. Totally enclosed cover. As the CNC machine processes in an automatic way, for safety’s
sake, the machine’s machining parts are totally enclosed with lagging and moving door.

3. CNC Machining Object

(1) The Advantages and Characteristics of CNC Machining

@ Processability of complex-surfaced workpiece.

® High machining precision, good size consistency.

@ High production efficiency.

@ Low labor intensity.

® Obvious economic benefits.

® Accurate cost calculation and production schedule.

@ The foundation for CAD / CAM technology and advanced manufacturing.

(2) The Application Range of CNC Machine Tools

@ The parts produced in much variety and little batch; the parts in new product trial.

@ The parts with complex geometry.

® The parts demanding multi-processing procedures.

@ The parts demanding expensive process equipment when use general machining.

® High-precision demanding parts,
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® The parts need repeated modifying in technical design.

@ The expensive key parts not allowed scraped.

The parts require the shortest production cycle.

The application range of CNC machine tools is shown in Fig. 1-8.

The relationship between processing batch of various machine tools and their cost is shown in

Fig. 1-9.

!
C

Special purpose machine "

3
A

§_ g 4 2
:; CNC machine tools .fé
L%
m General machine tools g

A 50 100
Complexity of the parts Bulk of parts

Fig. 1-8 The application range of various CNC machines. Fig.1-9 The relationship between processing
batch of various machine tools and their cost
1—General machine tools; 2—Special purpose machine;

3—CNC machine tools

4. The Construction of CNC Machines
CNC machine tools are complex assemblies. However, in general, any CNC machine tool
consists of the following units:
* 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 without 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 information. 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. Modemm CNC

7
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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. 1-10) and
closed loop (Fig. 1-11). The type of control loop used determines the overall accuracy of the

machine.
work table
—impulse
——| Stepping motor || gear
lead screw
Fig. 1-10 Typical open loop control systems
work table
pulse+
T— comparator Servomotor | gear h
lead screw position
feed back signal sensor

Fig. 1-11 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
erTor.

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



