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Part IV Material-Removal Processes and Machines

B8 (R Part IV) EERTZE5PR

Chapter 20 Fundamentals of Cutting
$20F  UIHIEA
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INTRODUCTION & #¥
Cutting processes remove material from the surface of a workpiece by producing chips. And though

these processes will be described in Chapters 22 and 23 in greater detail, some of the more common
cutting processes are illustrated in Fig. 20.1.

Y1 Todad 7= A VI BT TR EYIRR AR, S Lol 7ESs 22 1 23 EHE
PR, B 20.1 R T — @RI

In the tuming operation (Fig. 20.1a) the workpiece is rotated and a cutting tool removes a layer of
material as it moves to the left; 20.1b shows a cutting-off operation, where the cutting tool moves radially
inward and separates the right piece from the bulk of the blank; 20. 1c shows a slab-milling operation, in
which a rotating cuiting tool removes a layer of material from the surface of the workpiece; and 20.1d
shows an end-milling operation, in which rotating cutter travels along a certain depth in the workpiece and
produces a cavity.

ZEEH T A (B 20.1a), TABERTYIEI IR IEE 2 Wit R+ kR —Z MR &
20.1b FRVIBTIT, JTRBEIA, ¥EAAGBTE; B 20 1o R FHEEH], EHEN
TR THRE IR B B 20.1d R8T, EsEENGIIET P CRE
B — =K.

One of the most common processes is turning, illustrated in Fig. 20.2. The cutting tool is set at a
certain depth of cut (measured in mm or in.) and travels to the left with a certain velocity as the

workpiece rotates. The feed or feed rate is the distance the tool travel per unit revolution of the workpiece



(mm/rev or in. /rev). As a result of this action, a chip is produced which moves up the face of the
tool .

BEER IR T ERER, A 20.2 Bin, ZELAHEs MRS, 18] RBEE
D—ZIHIHE (L om B in i), U—ERERZLEBSN, S5 R R ERR N5 T
BRIIRBHMER (mm/r 5 in/r), ZFEMER, RS EVBIFGHIER L&
i

In order to analyze this process in detail, a two-dimensional model of it is presented in Fig. 20.3.
In his idealized model, a cutting tool moves to the left along the workpieces at a constant velocity, V,
and depth of cut, ty. A chip is produced ahead of the tool by the forming and shearing the material
continuously along the shear plane.

AT RN TR, AE—A TS8R, Kl 20.3 fik. EXEBLH
BRF, YIRTTRUMEEERE vV IEIRE o TR LB, s i3y m R
MBI AR 7E T RAT T = A Y

FIGURE 20.1 Examples of cutting processes.
B20.1 YIKIHn TeHl+

FIGURE 20.2 Basic principle of the tuming operation.
K20.2 ZEHInTHESREE

FIGURE 20.3  Schematic illustration of a two-dimensional cutting process, also called orthogonal
cutting. Note that the tool shape and its angles, depth of cut, t, and the cutting speed, V, are all
independent variables.

20.3 “HYHIMARERTIH KR ER, BRI AEMNBERTAE. VEHEE . 1
HIBERE V&R &,

TABLE 20.1 Factors Influencing Cutting Processes

Parameter Influence and interrelationship

Cutting speed, depth of cut, Force, power, temperature rise, tool life, type of chip, surface finish.
feed, cutting fluids

Tool angles As above; influence on chip flow direction; resistance to tool chipping.

Continuous chip Good surface finish; steady cutting forces; undesirable in automated machinery.

Built-up edge chip Poor surface finish; thin stable edge can protect tool surfaces.

Discontinuous chip Desirable for ease of chip disposal; fluctuating cutting forces; can affect surface finish and cause
vibration and chatter.

Temperature rise Influences tool life, particularly crater wear, and dimensional accuracy.

Tool wear Influences surface finish, dimensional accuracy, temperature rise, forces and power.

Machinability Related to tool life, surface finish, forces and power.




%20.1 TWIEIHINEE

E3°1 BRABEEXR

MHIERE ., WHRE. #58. 7. E RBFA VIBRR, REERE

KR

TRME F.L; BWAOBRTE. JIRBRI

EEYB ANOREHEBEE; BREMUNA: BSIMIVKERRE>E
BEEYIAE REREHSERE, AEmRENRBRERT TRET
LB BHTHRE; WaWUIHG; SRMREEEE, 5IRRSS B
BEFE HWIRAEGIRTRE, BHRERA TEER

JTEEER WnREREE . RTEE, B, AfmE

PLn THEse 571 Ry, REMBEE ., HRRFX

In comparing Figs. 20.2 and 20.3, note that the feed in turning is now equivalent to ¢y, and the
depth of cut in tuming is equivalent to the width of cut (dimension perpendicular to the page) in the
idealized model. These relationships can be visualized by rotating Fig. 20.3 clockwise by 90°.

HELE 20.2 5/ 20.3, HEFIGEFHITYAIHALRET 1o, MTHIERES TEEAK

RPN S (EETHE). £ 20.3 WHFEHE 0BT BIF X LR F o

Table 20.1

in the cutting process are as follows:

7 20.1 #EREZI W T RN VIR TR K. VIR T ERA MR AT

Dependent variables—those that are influenced by changes in the independent variables—are the

following :

Tool material, coatings, and tool condition.

JVEBRL WEMITTRARE

Tool shape, surface finish, and sharpness.

TTRIER .. REGEREMGARE.

Workpiece material, condition, and temperature.
TAFRPRE, RB TR

Cuuting parameters, such as sped, feed, and depth of cut.

I S%, AR, HARMUINIHRE,

~ Cutting fluids.

VI

The characteristics of the machine tool, such as its stiffness and damping.
PURFFE, anWIEREEE o

Workholding and fixturing.

TR

e AR B —ARL M F R AT TR, .

Type of chip produced.
B YIB R

outlines the factors that influence a cutting process. The major independent variables



® Force and energy dissipated in the cutting process.
FEVIHI N T AR T A RE R
®  Temperature rise in the workpiece, the chip, and the tool.
T, YIBAIIEMEH.
® Wear and failure of the tool.
TVR B BEIR SR
®  Surface finish produced on the workpiece after machining.
I LJs LA R E AR
When unacceptable conditions result from machining operations, the manufacturing engineer must
ask questions to determine the cause of the problem.
HHUIN LTI RARSL, G TR 4R (), LA e o) RE A R A
K, for example, the surface finish of the workpiece being cut is poor and unacceptable, which of the
independent variables should be changed first? The angle of the tool? If so, should it be increased or
decreased?
a. B0, ASRIEAE N T8 AR mAERE B O, W4 R % E S s R A d ar AR B R
WAETIHME? FHRE, RZKMKEEB/NE?
If the cutting tool wears and rapidly becomes dull, should the cutting speed, the depth of cut, or
the tool material be changed?
b. ISR T E BRI A ARG, WA R DI R . DGR R T LA R R
If the tool and the machine begin to vibrate, what should be done to eliminate or reduce vibrations?
c. WERTIEFMYUAR KL BRZY, WIRZCRBUH 4 1 it LATH bR BB 4R 3 7
This chapter describes the mechanics of chip formation; chip types; force and power requirements;
temperature rise caused by the cutting action; tool life; surface finish; and machinability. With this
knowledge, we can plan efficient and economical machining operations and can select the proper
equipment and tooling.
AEPR)B S, VIBRE . HFAThRER ., MREASEMER . TTEHFaE
HERLEE EFTIHIAN T . A 7 X EmR, BATHEEA SCME ST b ZHENUIN T A3 386E M
#RIH,

SUMMARY /&5
®  Material-removal processes are ofien necessary in order to impart the desired dimensional accuracy,
geometric features, and surface finisn characteristics to components, particularly those with complex
shapes that cannot be produced economically or with other shaping techniques. On the other hand, these
processes generally take longer, waste some material in the form of chips, and may have adverse effects
on surfaces produced.

A TEFHXBIERMRTEE ., JUDER S REEREE, RN TR as "2
IR ARERHEE TEZRFHARNZNS, RAMEIREHTI LEEELEN. 55—
i, XFEMTITEERFER  REE ZETJE), HFaREx e IR E = AR g
il o



®  Commonly observed chip types are continuous; built-up edge; discontinuous; and serrated.
Important process variables in machining are tool shape and material; cutting conditions such as speed,
feed, and depth of cut; use of cutting fluids; and the characteristics of the workpiece material and the
machine tool. Parameters influenced by these variables are forces and power consumption; tool wear;
surface finish and integrity; temperature; and dimensional accuracy of the workpiece.
WHMERN D BREAESVE . U8R, FEZBMESRIIE, mIdRbE
REOMLAERARIIRIUER SR, DEI&G (ERE, #5EMIE) . UHIREA
B LR TR R, % ERTBZWMSEA I S5, TTRER. RE
HREE SREEHE . BE LR TARRREE,
®  Temperature rise is an important consideration, since it can have adverse effects on tool life as well
as on the dimensional accuracy and surface integrity of the machined part.
BAR—THRAENEERR, HAEXTIARaG, FMIFEFHRTHEEMRTTE
PERTRER AFIR M o
® Two major types of tool wear are flank wear and crater wear. Tool wear depends on workpiece and
tool material characteristics; on cutting speed, feed, depth of cut, and cutting fluids; and on machine-

tool characteristics.

JTRERPM TR ARG TTHESR S H P EER .. TJRERRABRT THS5IIR
PERRRIE . DIWGEEE . SRR UIHIGRE, LR UIRIBAmPUREHE
®  Surface finish of machined components can adversely affect product integrity. Important variables are
the geometry and condition of the cuiting tool, the type of chip produced, and process variables.

BN i R AR B X 7 i 9 S AT BB AR . RN B A TI R e LA
KRS MEERRNTESH.
®  Machinability is usually defined in terms of surface finish, tool life, force and power requirements,
and chip control. Machinability of materials depends not only on their intrinsic properties and
microstructure, but also on proper selection and control of process variables.

WE, TP IHERREL T RERRE . REEEE. JJREaw. YIHH
M FFR LU R TIB R BHR AT HLI TR BB SR T N ZE RO Ss #, T HAR
T LA ST LSk SR

TRENDS % [R5 %

® Studies of cutting processes are continuing, particularly for new metallic and nonmetallic materials
(as well as engineered materials), to find better ways of machining.

MBI T2 ER P T Rk ot 1T, HHEEX TH MR MIESBEME (ETIEM
B, BREEFRMIITE,
® Because of their importance in computer-controlled manufacturing and in planning tool changes,

reliable tool-life-testing techniques and accurate prediction of tool life continue to be investigated.

IETEAREE AT Al SER T1 B A A B AR FI ) B AR ar R B TR 5T, B R Tt 3L
FEH HE L R A B ) R EE M,

@  On-line tool-wear monitoring techniques and devices for computer-controlled machine tools are being
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developed and are currently in use.
¥ THRMAELR T RER RERAR SREEFF ZH B RS HEINA,
® Control of chip flow and dispbsal, particularly in high-production machining, is being investigated.
EEN Y BRESAIOER, LRI A RN R YB R 35 A AT o
Ko

KEY TERMS X#8XKif
Acoustic emission 75 &5
Allowable wear land 14 PR BEHHY FLE
Build-up edge FRJBIH

Chip YI/B

Chip breaker KT/B2%, Wi/BMH
Chip curl  &JB

Chipping of tool  f#J]

Clearance angle & ffi

Continuous chip EZEY]/E

Crater wear F FHEEIR

Cutting force YIHI 7

Cuiting ratio  FIHll bt

Depth-of-cut line YJHF
Diffusion 3 #{

Discontinuous chip 3EZEZEVI G
Feed marks 25 719R

Flank wear J& JJTH BT

Friction angle E{#Eff

Hot machining ##HLiN T
Inclination angle {5
Machinability B0 T4, PUn T
Machinability ratings /LI T2
Machine tool HLEK

Machining #HLIB T, YIHINT
Notch wear 217 B Hi

Oblique cutting 71|, FEEZZVIHI
Orthogonal cutting 1EAZYIHI
Primary shear zone Z—BJH]X
Rake angle R

Relief angle f5 A

Rephosphorized steel KB
Resulfurized steel KB



Secondary shear zone 5§ —BJH]IX
Serrated chip 4& RV /B

Shaving FH|, &HI

Shear angle BYVIfH

Shear plane By {1 1H

Skiving Y1k, &, Hl

Specific energy tLHE

Surface finish FREDGLIEME, REHBEE
Surface integrity 3% A B

Taytor equation 2 8 5 FE5X
Thermally-assisted machining VBN T, MFAYIH!
Thrust force 7] /]

Tool-condition monitoring JJ EARZS W
Tool life  JJH.Ffir

Tumning %= Hl|

Wear land BT

RERTFIER

1. Note from Fig. 20.4a that the shearing process in chip formation is similar to the motion of cards
in a deck sliding against each other. The dimension d in the figure is highly exaggerated to show the
mechanism involved; in reality, this dimension is only on the order of 10~ %*t0 10~ *mm (107 3to 10~*
in. ).

(PS37% 5 B3E 217) ME 20.4a B ili, VB RTHIIIBREAUTEEGE LA
B RAFWES. BPRTdRERTH, MWRETRHEIE; kB, ZRTRA
A 1072~ 107 °mm (1072 ~ 10" *in) HIBEZ,

2. The reciprocal of r is known as the chip compression ratio and is a measure of how thick the chip
has become compared to the depth of cut. Thus the chip compression ratio is always greater than unity.

(PS37 IESCEISE 1 B3 217) r MIRBIBAR N UIBIESELL, B/ Xt LU MIIRE T =
VBEZEN—MER. Hik, BEHHEERTEE L

3. A built-up edge (BUE), consisting of layers of material from the workpiece that are gradually
deposited on the tool (hence the term built-up), may form at the tip of the tool during cutting (Fig.
20.5d) .

(P540 IESCEIBEE 2 BY3E 147) FRIBAE (BUE) H—REMLAMEME, BI1Z#H
DRI R (HWiE4), mMLFREIREAER (B 20.5d),

4. Although BUE is generally undesirable, a thin, stable BUE is usually regarded as desirable
because it reduces wear by protecting the rake face of the tool. '

(PS41 IECEE 1 BR55 2 47) BAREXARELARBE, BE, W/ Mg RERE
RATUGEHAER, B ERIRITE R T 7TRER

5. In general, the higher the affinity (tendency to form a bond) of the tool and workpiece materials,’



the greater the tendency for BUE formation. In addition, a cold-worked metal generally has less tendency
to form BUE than one that has been annealed.

(P541 (RIBEE 4 BE2E 1 47) —ME, JTRSLAMEMETNE ERAEENMEE) &
=, ERBUBEREmBRA, A, EEAREESRE RSB RRBENBEEN,

6. Serrated chips (also called segmented or nonhomogeneous chips) are semicontinuous chips with
zones of low and high shear strain (Fig. 20.5e). Metals with low thermal conductivity and strength that
decreases sharply with temperature, such as titanium, exhibit this behavior. The chips have a
sawtoothlike appearance.

(P541 1220 3 BE5E 5 17) WRUIE (MM REIEHSYIE) BEELE, A&
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7. Process variables, as well as material properties, also affect chip curl. Generally, the radius of
curvature decreases-the chip becomes curlier-as depth of cut decreases; this increases the rake angle, and
decreases friction at the tool-chip interface.

(P542 fRI%EE 5 B8R 147) TZABURMBR SR wWIE S, %, MEHTEE
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8. This situation is especially troublesome in high-speed automated machinery and in untended
machining cells using computer numerically controlled machines ( Chapter 24 and 39). If all the
independent machining variables are under control, the usual procedure employed to avoid such a
situation is to break the chip intermittently with a chip breaker.

(Ps42 fRI%REE 4 Be36 317) 7ER 3 ASIHUR BRI NG HLER M T8t d (E
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9. In oblique cutting, the cutting edge is at an angle i, called the inclination angle (Fig. 20.9b).
Note the lateral direction of chip movement in oblique cutting. This situation is similar to an angled snow-
plow blade, which throws the snow sideways.

(P544 TESCES 2 BUSR 147) ZERHINIH, BT 2 — M i (WFRARA, B 20.9b) ,
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10. A typical single-point turning tool used on a lathe is shown in Fig. 20.10a. Note the various
angles involved, each of which has to be properly selected for efficient cutting.

(P544 I3 3 BX2E 1 47) %K b PGS RUBAJRZE TN 1R 20.10a BiiRe o TE A X%
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11. Cutting tools are now widely available as inserts (Fig. 20.10b), which are mounted on tool
holders with various angles.

(Psa4 ISR 2 BE3 1 47) BRTLIRI) RS Z ARG (8 20.10b), BPJTH A%
MR AE ] Je B,

I2. Thin layers of material can be removed from straight or curved surfaces by a process similar to

the use of a plane to shave wood. Shaving is particularly useful in improving the surface finish and



dimensional accuracy of sheared parts and punched slugs (Fig. 16.9).
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13. The sharpness of the tool tip also influences forces and power. Because it rubs against the
machined surface and makes the deformation zone ahead of the tool larger, duller tools require higher
forces and power.
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14. Taking n =0.15, x =0.15, and y =0.6 as typical values encountered in practice, it can be
seen that cutting speed, feed rate, and depth of cut are of decreasing importance.

(P552 1E3C5 4 B3 247) MAET=ERRHH WABIE n=0.15, x=0.15M y=0.6, #]
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15. Tool-life curves are plots of experimental data obtained by performing cutting tests on various
materials under different conditions and with varying process parameters, such as cutting speed, feed,
depth of cut, tool material and geometry, and cutting fluids.
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16. Tool-life curves, from which the exponent n can be determined (Fig. 20.17), are generally
plotted on log-log paper. These curves are usually linear over a limited range of cutting speeds but are
rarely so over a wide range.
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17. Crater wear has been described in terms of a diffusion mechanism, that is, the movement of
atoms across the tool-chip interface. Since diffusion rate increases with increasing temperature, crater
wear Increases as temperature increases.
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18. The wear groove or notch on cutting tools (Fig. 20.18) has been attributed to the fact that this
region is the boundary where the chip is no longer in contact with the tool. This boundary, also known as
the depth-of-cut (DOC) line, oscillates because of inherent variations in the cutting operation and
accelerates the wear process.

(P557 IESCEE 6 BY58 1 47) YIHIJIA E=A R AEEM O (18 20.18) RE VKX EZ
MR, ST HAYTIB ARSI B, TR (WEFRAUIRE) o TYH T EA 83E
femEsh, ME T ESEE.

19. One important development is the acoustic emission ( AE) technique, which utilizes a

piezoelectric transducer attached to a tool holder. The transducer picks up acoustic emissions (typically
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above 100 kHz) that result from the stress waves generated during cutting.

(PS58 4% 3 X362 47) — M EBMRBEF LS (AE) HA, TFAT M i
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20. Surface finish influences not only the dimensional accuracy of machined parts, but also their
properties. Whereas surface finish describes the geometric features of surfaces ( Chapter 31), surface
integrity pertains to properties, such as fatigue life and corrosion resistance, which are influenced strongly
by the type of surface produced.
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21. Sulfur in steels forms manganese sulfide inclusions (second-phase “particles), which act as
stress raisers in the primary shear zone. As a result, the chips produced break up easily and are small;
this improves machinability. The size, shape, distribution, and concentration of these inclusions
significantly influence machinability. Elements such as tellurium and selenium, which are both
chemically similar to sulfur, act as inclusion modifiers in resulfurized steels.
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22. A high percentage of leads in steels solidifies at the tip of manganese sulfide inclusions. In non-
resulfurized grades of steel, lead takes the form of dispersed fine particles.
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23. Precipitation-hardening stainless steels are strong and abrasive, requiring hard and abrasion-
resistant tool materials.
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24. In selecting various elements to improve machinability, we should consider the possible
detrimental effects of these elements on the properties and strength of the machined part in service. At
elevated temperatures, for example, lead causes embrittlement of steels (liquid-metal embrittlement, hot
shortness; see Section 1.4.3), although at room temperature it has no effect on mechanical properties.
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25. Fiber tearing, pulling and edge delamination are significant problems.
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