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Chapter 1 Introduction

1.1 Background

1.1.1 The development of CNC machine tools

After the World War II, with the increasing complexity of aircraft components, such as turbine
blades of jet engines, in 1949, the US air force asked Parsons Company to develop a special
equipment to automatically machine those components.

With the concept of numerically controlled (NC) machine tool by Parsons Company, in 1952,
a control device that based on the vacuum tube (see Figure 1-1) and relay has been developed for
the milling machine control. It is known as the first generation of NC machine tool. Figure 1-2 shows
a turbine blade of jet engine.

BAEHUR K KSR —

B R KRG, EESERTEIAH G E L0 CHLEIAM A 3 L&+t
Parsons /A m] BF il — FALAR R 7 R G5

Figure 1-1 Vacuum tube ( Hi 4) Figure 1-2 A turbine blade of jet engine

By the end of 1950s’, the second generation of the NC machine tool whose control circuits
mainly consisted of transistors (see Figure 1-3) was successfully developed. With the development
of NC machine tools, practicability, flexibility, convenient maintenance and adaptability were
required by users. Figure 1-4 shows a control cabinet.

20 fit22 50 AFAUK, BUEPURFE R P 74 (K 12) B2 EE (K 1-3)
B, K 1-4 B hEdiE

However, transistor circuits cannot meet all these requirements due to economy. More over,
large volume of the circuits requires a big control cabinet. In 1965, with the development of
integrated circuits (see Figure 1-5), the third generation of NC machines provides solutions for
those requirements.

1965 47, SR (K 1-5) NHTHUREER, JE—D e T RN TEM L.
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Figure 1-3  Transistor Figure 1-4  Control cabinet Figure 1-5 An integrated circuit

Applying integrated circuit on machine tool controller has experienced three development stages:

» Stagel 1950s-1970s  Numerical control ( NC)

»> Stage2 1970s-1980s  Computer numerical control ( CNC). Microprocessors significantly
improved characteristics and reliability of control systems. From then on, CNC technology was
rapidly developed and widely applied all over the world.

» Stage3  1990s-present PC platform.

1.1.2 Definition of CNC machine tools

CNC technology: Controlling mechanical movement and working process by numerical signals.

CNC machine tools (see Figure 1-6): Machine tools controlled by the programable system

A

Accessories g,
Measure

Auxiliary equipment
ﬁfa,

Metal forming

Auto maintenance

°* 31
-
-
Grinder Saws
Milling
Dnl_lmg Gear hobber Cutting
Boring

Figure 1-6  CNC machine tools
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that can logically execute special codes.

B AN E SC: BCAE S W HUGE 3 A AR B A TP B

BEEHUR (K1-6) S0 — AP RRIREMPUR, ZRGREEZ AL B R AT
FrE s, il & R

When machining with a conventional machine tool, operators manipulate hand wheels to move
the cutting tool along the desired contour of work piece. In a CNC machine tool, the CNC system

controls all motions according to the program, as shown in Figure 1-7.

Numerical mnput NC decoding Machine tool

cutting path equipment calculating motions

Figure 1-7 Basic work principle of CNC machine tools

1.2 Construction and working principle of CNC machine tools

1.2.1 Construction of CNC machine tools

CNC machine tools have different purposes in various fields, however, any CNC machine tool
has a similar construction, namely, the control medium, CNC device, servo mechanism, assistant

control system and machine tool reality, as shown in Figure 1-8.
BAEHURMEIR S, (BULf—FBAEHUREE w7 B, B s | AIRERS . #
B2 RGEFWURANA LG T REASTR S 48R, aniE 1-8 s .

——l Servo mechanism |

Control medium I—’l NC device I | Machine tool reality ,

——[ Assistant control I

Figure 1-8 Basic construction of a CNC machine tool

1. Control medium

The CNC machine tool requires no direct manual operation during working, but must perform as
the operator required. A “bridge” between human being and the machine tool is known as the
control medium ( see Figure 1-9) (also known as the program carrier), carrying all required
machining information for the CNC device.

Typically, the control medium includes punched tape, punched card, magnetic tapes, floppy
disks and flash disks, which depends on the CNC device. Machining information must be transferred
to the CNC device through readers, such as photoelectrical tape readers, tape machines, disk

drivers and USB ports.
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c) d)

Figure 19  Control media
a) Punched card b) Punched tape c¢) Tape puncher d) Floppy disk

2. CNC control equipment
Today, most CNC machining tools are controlled by microprocessors. The CNC device requires
software to read and decode information, and requires hardware to run software. Figure 1-10 shows

the construction of a CNC device.

P T R B LR AL, HT, 4K B LR
TPV B B B ph B R AL Cmﬂ“m l

3. Servo system | —— —l
As the executor of a CNC system, the servo system consists of 1
a servo motor (see Figure 1-11) and servo drive system. The servo l [npml = _l
system drives the cutting tools or worktable, and/or actuates l
accessories to perform machining as required. The operating Processor and controller
information is in the form of pulses. Each pulse produces a (CTJ)
displacement of relevant movable part, which is known as pulse l Memory I
equivalent, usually equals 0. 001 mm. ‘
f ARG RIS BBl (B 1-11) R IRGahseE | | Sugsipoes |
AL, RBEERGER AT . B RGEHE A IR R FE 4R
S IEBRCMKN R BN, SRR S F g [ Senomechanon
ARLRE bk o 2 . HATPT R B RGNk P2 52 Figure 1-10  Construction
4 0.001mm, of a CNC device
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4. Assistant control system

The assistant control system is a sort of electric control equipments connecting the CNC device
and mechanical components. It receives instruction signals (e. g. spindle speed, tool changing, and
coolant supply) from the CNC device. After decoding, logic judgment and power amplification for
the signals, the machine tool will be acting as desired driven by its electric, hydraulic, pneumatic or
mechanical appliances. The oil pump (see Figure 1-12) is usually an important component of an
assistant control system. Moreover, assistant control systems sometimes produce switching signals to
CNC.

R Bh S R G TR RS (5 SR W T A . T, DTN S

Figure 1-11  Servo motor Figure 1-12  Oil pump

5. Machine tool reality

The machine tool reality is the main body of a CNC machine tool, consisting of a basis (e. g
base and bed) and movable components (e. g worktable, carriage, spindle). Similarly, a CNC
machine tool has all the mechanical components to perform machining processes.

For a CNC machine tool, it features of

1) Driven by the high performance spindle and servo transmissions.

2) Better rigidity and anti-vibration of the structure.

3) Efficient transmission components, e. g. ball screw-nut pairs, rolling ways, etc.

Figure 1-13 shows the construction diagram of a conventional lathe.

PURAMAR AR I K, d a3t sy (lEat . KE) Rl ghiir (nifEs .
R, E8) Al SERPUREML, BEEHURAM L b 01T HLAIN T A AL 1 #4 1
Mo R TARTG ELF VI HIPERERUAN RSB, S @AURAILL , 2300 SO BT s .

1.2.2 Work principle of CNC machine tools

Generally, a CNC machine tool follows these steps to machine a part:
1) Programming according to drawings.

2) NC device reading machining program.
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Spindle Compound
P Tailstock

Toolholder
Carriage
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Figure 1-13  Construction diagram of a conventional lathe

3) Program decoding.
4) Servo mechanisms controlling machining process ( spindle, feeding, tool changing,
clamping, cooling, lubricating, etc. )

Figure 1-14 shows the work principle of a CNC machine tool.
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Figure 1-14  Work principle of a CNC machine tool
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1.3 Classifications and features of CNC machine tools

1.3.1 Classifications of CNC machine tools

1. By functions (% .2 &%)
(1) General CNC machine tools Similar to conventional machine tools, the CNC lathe, CNC

milling machine, CNC borer, CNC driller, CNC grinder, etc. were developed for different
machining purposes. Each of them can be further classified, e. g vertical milling machine,
horizontal milling machine, gantry milling machine (J§[]J8EIK) , etc.

They have similar functions as conventional machine tools, but can perform machining for parts
with much higher accuracy and complex contour.
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(2) Machining center A machining center (see Figure 1-15) refers to a CNC machine tool
with a magazine and cutting tool changing mechanism. Milling centers and turning centers are typical
machining centers.

The machining center has better accuracy, efficiency,
automation and lower running cost due to concentrated machining
processes , therefore ;

1) Reducing the number of machine tools required.

2) Reducing preparing time (e. g tool alignment) before
machining.

3) Reducing error between clampings.
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2. By motion types ({&#%Hili)ia gl 58)

(1) Point-to-point  For this type, only the end point of motion need to be precisely controlled,

Figure 1-15 Machining center

i. e. precise locating from a point to another. The path and speed of the motion are not accurately
controlled, and there is no machining process during moving and locating ( see Figure 1-16).

To reduce the time for moving and locating, moving parts usually rapidly approach the end
point, and then precisely reach the target point at a low speed to ensure accuracy. Point-to-point
control is applied on the CNC driller, CNC punch, CNC spot welding machine, etc.
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(2) Straight line control Besides the precise location of the start point and end point, straight
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Figure 1-16  Motion contrail of point-to-point control
line control must ensure the moving path and speed ( for different feedrate ) between them.
Machining is performed during moving (see Figure 1-17).

Usually, the cutting paths are parallel to coordinate axes, and sometimes inclined straight
lines. CNC lathes, CNC grinders and CNC milling machines are typically under straight line
control.
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Figure 1-17 Motion contrail of straight line control

(3) Contouring control  Contouring control v

is also known as continuous control, which is
Contour of

applied on most CNC machine tools. It controls at workpiece

least two axes at the same time, and performs
interpolation (see Figure 1-18). Besides the start

point, end point and moving path, moving speed

at each point along the path needs to be controlled . \'

(see Figure 1-19).
) . Figure 1-18  Motion contrail of contouring control

Under contouring control, parts with complex
curves and curve surfaces can be machined. The control type is usually applied on the CNC lathe
CNC milling machine and machining center.
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Figure 1-19  Motion contrails of 2-axis and 3-axis contouring

Thinking

Could you please define the motion control types of machining processes in Figure 1-207

Figure 1-20  Machining processes

a) Drilling b) Boring ¢) 3D milling d) Turning

3. By servo mechanisms ( $#{R][R RSG5 A 425)

According to inspection and feedback components, servo system on machine tools can be
classified into:

@D Open loop servo.

@ Closed loop servo.

3 Semi-closed loop servo.

(1) Open loop control (see Figure 1-21) Under open loop control, the moving speed and
. 9.



