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Technics of CNC Machining

1.1 Cutting Tools

Part A
Text

1.1.1 Cutting Tool Materials and Property

Cutting tools must possess certain mechanical properties in order to function adequately
during the cutting operations. These properties include high hardness and the ability to retain it
even at the elevated-temperatures generated during cutting. They also include toughness,
abrasion resistance, and the ability to withstand high bearing pressures. A cutting material is
selected to suit the cutting conditions, such as the workpiece material, cutting speed, produc-
tion tare, coolants used and so on. The following are the commonly used cutting tool materials.

1. Plain carbon steel

Plain carbon steel contains 0.8 to 1.4 percent carbon and has no additives, and it is sub-
jected to heat treatment to increase its hardness. Nevertheless, plain carbon steel is suitable
only for making hand tools or when soft metals are machined at low cutting speeds, since it
cannot retain its hardness at temperatures above 600 °F (300 C) due to tempering action.

2. Alloy steel

The carbon content of alloy steel is similar to that of plain carbon steel. Nevertheless, it
contains alloying elements (in limited amounts) , as the name suggests. Tools made of alloy
steel must also be heat-treated and used only when machining is carried out at low cutting
speeds. Again, the temperature generated as a result of cutting, should not exceed 600 °F
(300 C) to avoid tempering action.

3. High-speed steel

High-speed steel (HSS) is a kind of alloy steel that contains a reasonable percentage of
alloying elements, such as tungsten (18 percent) , chromium (4 percent ), molybdenum, va-

nadium, and cobalt. High-speed steel is heat-treated by heating ( at two stages ) , cooling by
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employing a stream of air, and then tempering it. Tools made of HSS can retain their hardness
at elevated temperature up to 1100 °F (600 °C).

4. Cemented carbides

The cemented carbide is usually composed of tungsten carbide, titanium carbide, or
tantalum carbide and cobalt in various combinations. A typical composition of cemented carbide
is 85 1o 95 percent carbides of tungsten and the remainder cobalt.

Cemented carbides are the most widely used tool materials in the machining indusiry. They
are particularly useful for cutting tough alloy steels which quickly break down high-speed tool
steel. A large percentage of machining is on alloy steels for automotive and other industrial
machine parts.

5. Diamond

Diamond pieces are fixed to steel and are used in precision cutting operations. They are
recommended for machining aluminium, magnesium, titanium, bronze, rubber and polymer.

When machining metallic materials, a mirror finish can be obtained.

1.1.2 Geometry of Cutting Tool

Figure 1-1-1 shows a typical cutting tool and the terminology used to describe it. The

actual geometry varies with the type of work to be done.

Front Cutting Edge Angle
Nose

Body

Cutting Edge

Side Cutting Edge Angle

(a) (b)

Side Rake Angle

!

J{

Back Rake Angle

Body

End Relief Angle

Side Relief Angle

(c) (d)

Fig. 1-1-1  Cutting tool terminology
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The cutting part of cutting tool includes a face for passing chips and a flank directed to the
workpiece. The intersecting face and flank form a cutting edge. The tool performance depends on its
material and angles, the main of which include: nose angle, rake angle, relief angle (also called
clearance angle) and cutting edge angle (front cutting edge angle and side cutting edge angle).

Rake angle decides the tartness degree of tool, the larger of the rake angle, the more tart-
ness. Rake angles can be positive, negative, or zero. lIts value usually varies between 0° and
15°, whereas the back rake angle is usually taken as 0°.

Relief angle serves to eliminate rubbing between the workpiece and the end flank. The
degree of relief angle has important effect on surface quality of the workpiece. At the same
time, relief angle affects the intensity of tool edge. It can also affect the tartness degree of tool.
Usually, the values of each of these angles range between 4° and 6° (rough machining) or 8°

and 12° (finishing machining).

1.1.3 Tooling System and Automatic Tool Changer

The production of a part involves the use of a variety of cutting tools, and the machine has
to satisfy their use. The way in which a range of cutting tools can be located and securely held
in position is referred to as a tooling system and is usually an important feature of the machine
tool manufactures’ advertising literature.

The tooling system for machining center is illustrated in Figure 1-1-2. Note the use of tool

—Efea—F

Shell end mill arbor

==

Boring bar
e — -
—— I Drill chuck arbor

|l=| ]
-

Tlp holder

=153

Adjustable holder

Side lock 100l holder

—ERReSSY- -

- Collet chuck = -
Holders have standard milling
machine taper shanks with I'—Gm_
retaining studs —
!
=+ ==

Morse taper shank collel + — e~ iy

= E _______ L—m—

Morse taper tool holder

Straight collet _ .
== -
B
be——g= -
-4
Straight tool holder - m_
Spade rill

Fig. 1-1-2  The tooling system for machining center
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holders with standard tapers, a feature that can be very helpful in keeping tooling costs to a
minimum. A tooling system for a turning center will indicate the range of tooling which is

accommodated on the machine. One such system is illustrated in Figure 1-1-3.

= -

Haolders for round shank tooling

Turrel

Morse taper sleeve

Fig. 1-1-3 A tooling system for a turning center

Special holders Lo suil lurret

For automatic tool changer, cutting tools need to be stored at the machining center so that
the desired tool can be selected according to the part program. These tools are usually stored on
drum or chain type of magazines. 16 ~24 tools magazines are quite common but 150 tools ca-
pacity are also available. The drum type of tool storage magazine is shown in Fig. 1-14. The
chain magazine (Fig.1-1-5) is also mounted on the top or the side of the machine tool on cer-
tain type. The magazine does not move in this case, instead, the movement of spindle and

slides brings the tool to the desired positions.

Fig. 1-14  The drum type of tool storage magazine Fig. 1-1-5  The chain type of tool storage magazine
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1.1.4 Cutting Fluids

1. Functions of cuiting fluids

Cutting fluids have been used extensively in machining operations to achieve the following
results

(1) reducing friction and wear, thus improving tool life and the surface finish of the work-
piece;

(2) cooling the cutting zone, thus improving tool life and reducing the temperature and
thermal distortion of the workpiece;

(3) reducing forces and energy consumption;

(4) flushing away the chips from the cutting zone, and thus prevent the chips from
interfering with the cutting process, particularly in operations such as drilling and tapping;

(5) protecting the machined surface.

Depending on the type of machining operation, the cutting fluid needed may be a coolant,
a lubricant, or both. The effectiveness of cutting fluids depends on a number of factors such as
the type of machining operation, tool and workpiece materials, cutting speed, and the method
of application. Water is an excellent coolant and can reduce effectively the high temperatures
developed in the cutting zone.

2. Types of cutting fluids

Three general types of cutting fluids are commonly used in machining operations

(1) Synthetic oils

Synthetic oils are typically used for low-speed operations where temperature rise is not sig-
nificant.

(2) Emulsions

Emulsions are a mixture of oil, water and additives, generally are used for high-speed op-
erations because temperature rise is significant. The presence of water makes emulsions very ef-
fective coolants.

(3) Synthetics

Synthetics are chemicals with additives, diluted in water, and contain no oil.

3. Selection of cutting fluids

In selecting a cutting fluid, one should consider whether the machined component will be
subject to stress and adverse effects. This consideration is important particularly for cutting
fluids with sulfur and chlorine additives. Cutting fluids may also affect adversely the machine
tool components, thus their compatibility with various metallic and nonmetallic materials in the
machine tool must be considered. The selection of a cutting fluid should also include biological

and environmental considerations.
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New Words and Phrases

possess /pa'zes/ v. A, B A

property /'propoti/ n. MR, #ik

toughness /'tafnis/ n. $pbk, B4, ALM, fEEHE
abrasion /o'breizan/ n. &4

withstand /wid'stend/ v. 3&3%, 2 %4

tare /tea/ n. £F&

additive /'@dativ/ n. 7 Am #

retain /ri'tem/ v. &, %%

nevertheless /nevada'les/ conj. X, Rit adv. 73K, Rid
alloy /'&lo1/ n. &4

element /'elimont/ n. 4%, &, A4
percentage /pa'sentidz/ n. F 454k, BH%E, GHk
tungsten /'tagston/ n. [ 14.]4%

chromium /'kravmrom/ n. [ 1L ] 44

molybdenum /ma'libdinom/ n. [ 4t ] 48

vanadium /vo'nerdiom/ n. [ # )40, 455

cobalt /'kaubo:lt/ n. [ L] 45

cemented carbides i 44

titanium /tar'temiom/ n. [ 4] 4k

tantalum /'tentalom/ n. 42( & & T %)

fix /fiks/ v. 1% B &

aluminium /,&la'mmiam/ n. [ 4] 43

magnesium /meg'nizziom/ n. [ 1€ ] 4%

bronze /bronz/ n. %4

rubber /'raba/ n. # &, #hk

polymer /'polima/ n. % &4k

metaltic /mr'telik/ adj. 2 & (1) &

chip /tfip/ n. -5 1/

intersect /,inta'sekt/ v. A& ¥ vi. (A& AX, T
flank /flegk/ n. 0] &

angle /'®ngl/ n. [4¢] fa

nose angle 77 £ f

rake /retk/ n. ( 7} B9 ) BT

relief angle ( 77 B.49) &

clearance angle( 77 B.#) /5 A

cutting edge angle & A

side relief angle 4 5iL A ,3 5 A
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tartness /taztnis/ n. % #|

literature /'litaritfo/ n. L5 (MEd), LK
taper /'teipa/ n. 4, A

vary /'veari/ v. &, T #, 1& $HAL

indicate /'indikert/ v. 35, BF, $£4¢

drum /dram/ n. 3, & 5, B EMA

tool magazine 77 £ J&

fluid /'flusid/ n. KM, FE

drilling /'drili/ n. 45 3L

tapping /'teepin/ n. 3 £

coolant /'kuzlont/ n. A& R, A3pik, #H A
emulsion / 1'malfan/ n. LIk i%&

synthetics /sin'Qetiks/ [ A 4E B | A T & &, ( 4.4 ) # 4
stress /stres/ n. FJE, £

chlorine /'kloriin/ n. [ %] &

biological /baia'lpdzikal/ adj. 4 45 5 #)

adverse /'®dvers/ adj. KA 45, #&xTad, AR H
sulfur /'salfo/ n. [ 0] #sg, ##%
compatibility /kom, pti'biliti/ n. [ 3] 3 A M
Exercises

I . Translate the following phrases into Chinese.
1. high hardness
elevated-temperature

production tare
hand tool

abrasion resistance

Technics of CNC Machining / 7

the ability to withstand high bearing pressures
cutting speed

plain carbon steel

©® N AW

. heat treatment

10. alloy steel

[
ja—

. high-speed steel

—
[\

. tungsten carbide

p—i
w

. nose angle

—
S

. relief angle

_
bl

standard taper
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I . Answer the following questions briefly according to the text.

1.

XN W

Why is plain carbon steel suitable only for making hand tools or when soft metals are
machined at low cutting speeds?

What is the typical composition of cemented carbide?

What material is diamond recommended for machining?

What function is the rake angle?

What function is the relief angle?

Which rake angle is usually taken as 0°7

Why do the tool holders use standard tapers?

What is the function of the cutting fluid in the cutting zone?

. What does the selection of a cutting fluid should include?

M. Mark the following statements with T (true) or F (false).

( ) 1. Plain carbon steel is not suitable for making hand tools or when soft metals are
machined at low cutting speeds.

( ) 2. Tools made of alloy steel must also be heat-treated and used only when

machining is carried out at low cutting speeds.

( ) 3. The tool performance depends on its material and angles.

( ) 4. Rake angles can be positive, negative, but not zero.

( ) 5. The intersecting face and flank form a cutting edge.

( ) 6. Relief angles determine the direction of flow of the chip onto the face of the
tool.

( ) 7. A tooling system for a turning center does not have to indicate the range of
tooling.

( ) 8. Water is an excellent coolant and can reduce effectively the high temperatures
developed in the cutting zone.

( ) 9. Cutting fluid is another name of coolant.

( ) 10. Tool is nothing to the effectiveness of cutting fluids.

( ) 11. Cutting fluids may also affect adversely the machine tool components.

IV. Fill in the blanks according to the text.
1. Cutting tools must possess certain mechanical properties in order to dur-

ing the cutting operations.

2. The carbon content of alloy steel is to that of plain carbon steel.

3. Plain carbon steel contains 0.8 to 1.4 percent and has no

4. High-speed steel (HSS) is a kind of that contains a reasonable percent-
age of alloying elements.

5. Cemented carbides are the most _ used tool materials in the machining
industry.

6. Diamond pieces are fixed to and are used in cutting opera-
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tions.
7. The intersecting face and flank form a
8. It is the _angle that has the dominant influence on cutting.
9. The value of rake angle usually varies between and
10. The way in which a range of cutting tools can be located and securely held in posi-

tion is referred to as
11. Depending on the type of machining operation, the cutting fluid needed may be a

a or both.

s

Part B
Reading Material

1.1.1

Cermets (from the words ceramic and metal) were first used in the early 1950s and consist
of ceramic particles in a metallic matrix''*. They were introduced in the 1960s and are black or
hot-pressed ceramics.

Typical cermets consist of 70% aluminium oxide and 30% titanium carbide *' ; other cer-
mets contain molybdenum carbide, niobium carbide, and tantalum carbide. Although they have
chemical stability and resistance to built-up-edge formation, the brittleness and high cost of cer-
mets have been a limitation to their wider use'® . Further refinements of these tools have
resulted in improved strength, toughness, and reliability. Their performance is somewhere
between that of ceramics and carbides and has been particularly suitable for light roughing cuts
and high-speed finishing cuts, chip-breaker features are important for cermets inserts. Although
they can be coated, the benefits of coated cermets are somewhat controversial , as the improve-

. . . | 4
ment 1n wear resistance appears to be marginal' J.

1.1.2

There are three basic types of metal cutting tools: single-point tools, multi-point tools and

I A single-point metal cutting tool has a single cutting edge and is used for turning,

abrasives
boring, shaping and planning. The most common machine tools have two or more cutting edges
such as drills, reamers and milling cutters. The cutting edge is that part of the tool where cui-
ting is actually done. Grinding wheels are an example of abrasive cutting tools. Each grinding

wheel has a lot of abrasive grains, which act as very cutting tools *-.

1.1.3

Generally speaking, automatic tool changers for machining centers fall into three basic cat-

egories ; single-arm tool transfer system, double-arm tool transfer system, and turret-style tool



