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Chapter 8 

M aterial-R emoval Processes: Cutting 

Questions 

( .1 Explain why t.he CUlling force. f' r . inc reases 
with increas ing depth o f cut and decreasing 
rake ang le. 

(a)	 In creas ing the depth of cut means more 
material be ing removed per un it time. 
'1' 111 1:;, all othe r parameters rem aining CO!l

st.ant, the cutting force has to incre ase lin
early becanso the energy require ment in-
creases linearly, 

(b) A:; I he r ake angle d PCTP IL." ffi , th e shear IUI

gil' decreases an d hence th e shea r strair 
increases. T herefore, th e energy pe r 
unit , volume of ma teri al removed increases. 
thus t he cutt ing force has to increase . 
Note th at t.he ra ke ang le also has an ef
fect. 011 th e frie t ional energy (see Table .1 
0 11 p, 430 ) . 

8.2	 What are th e effects of performing a cutt ing 
operation with a dull \.001 t ip '( . VClJ' sharp 
tip? 

There are several effects of a dull too l. ote 
I hal a d ull t ool if; one havin g an increas ed tip 
rad ius ( S("( ~ Fig. 8.28 011 p. 44!l). AI> t he t ip ra
dill." increase» (i.e., lUi I he t.ool dull s) , th e cut
t ing force increases due to the fad th at ihe ef
rer:live rake angle is HOW decreased . In filet. 
shallow d-rths of cu t m ay no t be possible. An 
other effect is the poss ibili ty for surface residual 
stresses. tearing, a nd crack ing of t he machined 
su rface, due to seve re su rfare deformation and 
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the heat generated by th e dull tool t ip rn hbing 
against this surface. Dull tools also increase 
the te nde ncy for EUE formalion. which leads 
to poor ur face finish . 

8.3	 Describe th e trends that: you observe in Tables 
.1 ami 8.2 . 

By t he stude nt . A rev iew of Tables 8. I a nd 8.2 
on pp. .J 3~:3) ind icate; certain t rends th a t a re 
to be ex pected, incl udi ng: 

(a )	 A'iJ the rake an gle decreases , I he shear 
s t rain and hence I he specifn energy i ll 

('TeRSP. 

(b ) CUlling for ce also inc reases wit h decreas
ing ra ke ang le: 

(c)	 Shear plan e angle decreases with increas
ing rake angle. 

8.-4	 To wha t Iact ors would you a tt rib ute t he hu ge 
d ifference in the specific en ergies wit hi n each 
group of mut.erials shown in Table 8.3 ·? 

The diff ronces in specific energies see n in Ta
ble 8 .3 011 p . 435, whe ther a mo ng dillore ut rna 

terials or within types of ma terials , ca n basi
cally be a tt rib uted to differe nces i ll the mech an
ica l and p hysica l p roperti es of I.h L'SC ma teri als . 
wh icL atfect the c ut tiug op er ation . For exam
p le, as s trength increases, so does t he total spe
c ific energy. Differe nces in tool-chip inter face 
frict ion charact eristics would also play a signif
icant. rol e. Physical proper t ies. such as thermal 
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cond uc t ivi ty and specific heat. bot h of wluch 
increas e cutt ing terup er at.nres as th ey decrease . 
co uld be res po nsible for such di fferences. These 
points are supported when one closely exam
ine); this table aw l observes tli lit the ranges for 
iuateriah such as steels, refrac tory al loys, an d 
h igh- tempera tur e al loys are 11I.n,J,l·, in agreement 
with 0 111' knowledge of the .Tr t'HI. variety of t.hes« 
clas.'>ei of ma te rials , 

It R.:i Describ e th e effects of 1'111ting fluids on chip for
mation . Ex plain why and how they Influence 
the cutting op eration . 

By ' he studen t III Addition to th e etfects dis
cu ssed in Section 8.7 st.artiug on p. -W4, curt ing 
Iluids influence frict ion at t he tool-chip inter
face, thus affecti ng t he shear a ug le and ch ip 
th ickness. These, in tlIT U, <: 3.11 influence t he 
ty pe of chip produced. Also, note that with 
effect ive cutting fluids t he bu ilt-up edge can be 
red uced or eliminated . 

8.6	 Und er whitt condi tions would yon d iscourage 
t Ile use or (·\I t.- li ng lluids? Exp lain . 

B~' the st udent. T he 1181'of cu t.ling fluids cou ld 
he di scouraged un der the following condit ions : 

(11) If the cut. ting fluid has any adverse ef
k-'C tH on the workpiece lind/or mach ine
too l components, or on th e overall cutting 
operation. 

(b)	 In interrupted cutt ing operurions. such as 
milling, t he cutting fluid will. by its ('001 

ing ac tion, subject t i ll' tool to lar ge flue
tuations in temperature, poss ibly caus ing' 
t he rmal fatigue of I he tool, particularly in 
ceramics . 

8.7	 Give reaso ns I hilt P Url' al uminum and copper 
are gen eral ly rated 11,.'-; 1'1lS.\' i .o mach ine. 

T here ar c several reasons that al umin um inrl 
copper are {'1~Y to mach ine . First , t hey are rd
a t iVI'Jy soft., hence cutting forces and energy are 
low compared to many other materials. Fu r
t.herrnore, th ey a re go od t hermal conductors. 
Also. t hey are du ct ile and can withstand ti ll' 
strains in cutting an d still develop continuous 
ch ips . TIfesp materia ls do not general ly form 
a b uilt-up edge, depending on CUlling pararne 
te rs, 
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S.t!	 Call yo u offer an explanat ion M to why t he 
rna..xirnurn temperat ure in cutting is locat ed a t 
abou t t he midd le of the tool-chip inter face" 
(Hint : Note that there an' two pr incipal sources 
of heat : i.he shear p lane and the tool -chip ill 
terface, ) 

It is reasonable thai the maximum I. smpera
t m e in ort hog onal cu u.ing is loca ted at about 
the middle of t he to ol-chip inte rface. The chip 
reaches high t.emperat.ures in the primary shear 
zone; the temperature would decrease from 
then 0 11 as the chi p climbs up the rake Iace (If 
t ilt' tool. H no fr ict ional h eat was involved , we 
woul d rhus expect. the highest temperature to 
occur at t he shear plane. How ever, re all I ha l 
[riel ion at t he tool-ch ip interface also increases 
the temperature. After the chip is formed it 
sl ides lip the rake face and temperature begins 
to build up. Co nse quently, I he temperature d ill' 
only t.o frictiona l heating would be highest Itt 

t he end of I he tool-ch ip contact. These two op
posing effects are additive an d as a resul t th e 
te mperature is highelit. somewhere in between 
t.ln- tip of the 1001 an ti I he end of con tRCt zone . 

8 .9	 State wheth er or not the following statements 
a re true for orthogonal cutt iug, explaining your 
reasons. (a) For the same shear angle, t here 
a re two rake angles th at give the same cutt.ing 
ratio. (h) For t he same depth of cut and ra ke 
angle, the type of cuu ing fluid used has no influ
ence on chip t h ickness. (c) If the cut.t iug speed. 
shear angle, an d rake angle are know n, th e ch ip 
velocity can he calculated. (d ) T he cbip Iw ... 
comes t hin ner as the rake angle increases. (e) 
The funct ion of a ch ip breaker is to dt'Crease the 
curvature of t he chip. 

(a) To	 show that for the same shear augle 
I here are two rake angle; and given the 
sall ie c u t.t. ing ralio, recall the defi nition of 
I he cuu.ing rauo II.'> given by Ell. (8. 1) on 
p . 420. Note that the num era tor is con
stant. an d th at t he cos ine of a posit ive and 
negative angle for the denominator has the 
same val ue. 'I'hus, there are two rak all
gles that. give the same r , namely 11 rake 
angle, n , greater than the shear angle, C/!, 
and It rake angle smaller than the shear 
angle by the same amount. 



rela t ively small rr large dept h of cut ? Explain 
your reasuns . 

Because oxides ar e gen eral lj hard and abrasive 
(see p . 14fi), light cu ts will ca use the tool to 
w ear rapidly, aTIII th us it is high ly desirable to 
cut right through the oxide layer during the first 
pass. Note that lin uneven round bar indicates 
significant. variations in th e d ept h of cut being 
taken: t.hus , depending all the degre of ecce n
t.ricity, it. may not always b e possible to do so 
since this can lead to se-lf-excited vibration and 
chatter . 

8.G9	 Does the force or torque in dri lling l angt> Il..'i 
the hole depth increases: Explain . 

Bot h the torque and the t hrust Ion..-e generally 
increase I\S th e hole depth increases , nlthou gh 
1he cha nge is more pronounced on the torqu ' . 
Beca use of elast. ic recovery a long th e cy lindri
cal surface f t he hole, ther e is a normal s tress 
«xer tc d OIl 1he surface of th e drill while in the 
hole. Cons equently, the deeper the hole , the 
lar ger the surface area and thus the larger the 
force acting on the periphery o f the drill, lead
ing to a significant increase in torque. 

8.70	 Explain the advantages and limitations of pro
d ncing th reads hy forming' and cut ting, respec
tively. 

By the student, Thread rolling is described in 
Section 6.~1 .5 . The mnin ad va ntages of thread 
roll ing over t.hread cutting ar c the spp.cdl> in
volved (thread rolling is Ii wry high-product ion 
rat e operation). Abo, the fact tluu the threads 
undergo extensive cold working will lea d to 
st ronger work-hardened threads, CuI Ling co n
t inues to be used for making threads because 
it is a ver y versat ile opera t ion am] much more 
economical for low production rims (sino- ex
pensive dies are not req uired ). Note that inter
na l threads also can be rolled . hut this is UOI. 

nearly HS common ~ machining and 1'~1Il be a 
d ifficult operau n to perform . 

8.7]	 Des cribe your observa tions regarding th e con 
tents of Tables . , .10, and 8.11 . 

By the student, NOll.' . For example, that the 
side rake angle iii low for t.he ductile materials 
such as th ermoplastics , but is high for OlIl.I t'rials 

ruoro difficult to machine. such as refr actory a l
loys and some cast iro ns with limited duct.ility. 
Similar observations can be made for the drill 
geom et ries and t he point. nngle. 

.72	 The footnot e 10 Table 8.10 st a tes that liS th e 
depth o f the hole increases. speeds lind feeds 
should be reduced , \\ by', 

j :i hole depth increas es, ' ·!Il.<; l ie recovery in th e 
workpiece CII.II .seS normal st resses on I he surface 
of I he drill, thus the stresses experienced by I he 
drill are higher than t.hey are in shallow holes. 
These st resses. in turn. cause the torqu e on th e 
drill to increase and may even lend to its failur ' . 
Redu tion in feeds and SPL'l...odS can compensate 
for these increases. (5l,(' a lso answer to Qu es
tion 8.69.) 

- .7~ List and explain t he fact ors that cont ribute to 
)f poor s urface finish ill machining op e rations. 

By th e st .udent , As an example. om' factor is ex
plained by Eq. (8.3.'j) on p. 449 , whi ch gives th e 
roughness in a process such II." turning. Clearly, 
as th e fL'l..'<1 increases or 1\.-; t he to ol nose radius 
decreases, roughness will increase. Other fac
tors that affect su rface finish ar e built-up edge 
(see , for example, Figs, 8,4 and 8.6). dull tools 
or tool-edge chipp ing (see F ig. 8 .28). or vib ra
t ion and chatter (Sect ion 8.11.1) . 

8.7-1	 Make II. lls t of the machining opera I iOBS de
sc ribed ill this cha pter, according to the diffi 
culty of the operation and th desir ed effect ive
ness uf cutt ing fluids , (Ex ample: Tapping of 
ho les is a more difficult operation than turning 
straight shafts .] 

B ' th e s tu dent . Tapping is high in opera tional 
s 'verity because the too] produ ces ch ips that 
a re difficult 1.0 dispo 'of. Tapping has a very 
con filled geom etry, making ellec t ive lubricat ion 
a nd cooling difficult. Turning. on th e ot her 
hand , L'i relatively easy, 

8.75	 Are the feed marks left. on the workpie c by 
n face-milling cut tel' segments of a true cir cle? 
Explain with appropriate sketches. 

By th ' student. Nol l.' that be cause th ere is a l
ways movem ent of the workpiece in ..he feed di
rection. the feed marks will not. be segments of 
true circles . 
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8,76	 What determines the selection of the number 
of teeth ou a milling CUller'? (See, for example, 
Figs. 8.53 ant] 8,55.) 

T he number of teet.h will affect the surface fin
ish prod uced, as well as vibrations and chatter. 
depending 011 the machine-tool st met ural char
ucteristies. The number is generally chosen to 
achie ve I])p desired SUrflWC finish at (1 given set 
of machining par amete rs , I rote Il.lsll that the 
finer the teeth, the greater the tendency for chip 
to d og. At many faci lit ies, the choice of Ii cut
t.er may simply Ill' what. tooling is available in 
t he stock room. 

S.T!	 Explain the tecluiicnl requirements that led to 
the de velopment, of machining and turning ceu
ters. Why do their spindle speeds vary over a 
wide range? 

By the st udenl. Sec Sec tion 8,11 Briellv. ma
chin ing centers. as It manuiacturing concept. 
serve two basic purposes: 

(a)	 save time by rapid tool changes, 

(b)	 elimin at ing part ha nd lin g lind mounting in 
between operations, and 

(e)	 rapid changeover for machining different 
par ts in small lot s. 

Normally, much time would be spent transfer
ring a nd handling the workpiece between rlif
ferent. machine tools. Machining centers elim 
inate or great ly reduce tilt' need for part han
dling ami. consequently, reduce man ufacturing 
time and costs . 

8.78 In	 addition to th e I1uJIlIJer of cornponen ts . as 
shown il l Fig. 8.74. what other factors influence 
the rate a t which damping increases in a rn a
ch ine tool? Explain. 

By th e student . The mus t obvious factors an' 
t he cla mpin g characterist ics o l LlH' machine-tool 
st.ructure and its foundation : vibration isolnt
ing paris are commonly ins talled under machine 
to ols. The ty pe and quality of joints, as well 
as t he quality of the sliding surfaces and their 
lulu-kat ion. an d the wanner in which the indi
vid11al com ponents an' assern bled IlIS<l hIlVL'- Ii 

significaut effect . (See Section 8.11.1.) 
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8.70 \VIIYhi thermal .xp ansion of machine-tool com 
pon mrs important? Explain, with examples. 

"nell high precision is required, thermal «list.or
t ion is very important and must be eliminat Prl 
or minimized. This is 11 serious concern. as even 

lew degrees of temperature rise can he signili
cant. and can compromise dimensional accuracy, 
The s tudent should elaborate further. 

8.80	 Would using the machining processes described 
in this chapter be difficult on nonmetallic or 
rubber like materials? Explain you r thoughts , 
comment ing 011 the influence of various physical 
and mechanical properties of workpiece rnateri
Ilk t.h· cut t.ing forces involved, the parts ge
ometries, and the fixtur ing required , 

By the student, Ru bber like materials are dif
hcult to ruachine mainly because of their low 
elastic modulus and very large e-last.ic strains 
that. t hey can undergo under ext ernul forces . 
Caw must be taken to properly support the 
workpiece an d minim ize the cu t ting force>, 
j Iote also that these materials become stiffer 
wit h lower temperatures. wh ich suggests an ef
fective cutting strategy and chilling of the work
piece. 

8.81	 The accompanying illustration shows II pa rt 
I,hat. is to be machined from II rectangular 
blank, Suggest. the type of operations required 
and their sequence, and specify t he machine 
tools I1mt are needed . 

Stepped Drilled and 
caVity	 lapped holes 

By the student. The main challenge with I he 
part shown is iu designing a fixture that allows 
all of the operat ions 1.0 be performed without 
interference. Clearly. H millina machine will be 
r equirerl for milling the stepped cavity and the 
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slo ts; t.he hole; could lx- prod uced in the milling 
machine m; well, although a drill press may !w 
used ins tead. Note that one hole is drilled on 
a mi lled surface. l'!:l ,lri llill !§ nRd tuPpinb hUH' 

:.kl-fo!ll)\\, lHiltltlJ . If the surface finish all the 
ext erior is not critical. a chuck or vise can be 
used to grip the surface iii the corners. which is 
pla usible if the part. has sufficient height. The 
grips usually have rough surfaces, so they will 
leave marks which will be more pronounced in 
alu min um than in stainless steels, 

8.82	 Select a specific cutting-tool mat erial and esri 
m a te t he rnachin ing Lillie for the PIlJ"I$ shown 
i ll the accompanying three figures: (a) pump 
sh aft, st ainless steel: (b) ductile (nodular) iron 
crankshaft: (c) :104 stainless-steel tube with in
ternal rope threarl. 

Lead 100 mm 
5 mm 24mm 

I' 

250mm 

(a) 

30 mm 4 mm 

+--1Jtlf--p+---J
I..	 .1160 mm 

(b) 

Pitch: 12..7 mm 
1--1 
c:=:J 

- / 

~im
 
1-	 75 mm -j 

(c) 

By the s rdent., Students should address the 
me t hods 1I.11l 1 mach inery required to product' 
these component..., recognizing I he economic 
implications of their xelecti of materials. 

8.83	 Wl1Y is tilt' machinability of al loys generally dif
ficul t to AASe:;s? 

The machinability of alloys is diff lilt to as 
sess because of the wide range of chemical , 
mechanical . ami physica l properties that can 
be achieved in alloys, as well N; their varying 
amoun ·5 of alloying elements. SOllie mildly a i
loved materials rnav be machined wry easily. 
whereas a highly alloyed material may be brit 
tle, abrasive, and thus difficult to machine. 

l .So!	 What. lire the advantages and d isadvant.azes of 
dry machining? 

By the student. Sec Section 8.7.2. The advan
razes of dry machining include: 

(a ) no lubricant eost.:
 

(b no need for lubricant disposal:
 

(c)	 no environmental cone rns associat erl wit h 
lubrican t disposal: 

(d)	 no need to dean the workpiece. or HI. least 
the cleanmg is far less difficult. 

The d isadvantages include: 

(a)	 possibly higher too l wear: 

(b)	 ox idation and discoloration of the work 
piece surface since llO lubricant is present 
(.0 protect. surfaces: 

(c) possibly	 higher thermal distortion of t he 
workpiece, and 

(d)	 washing awa,V chips may become diffic ult , 

8.85	 Can high -speed machining be performed with
out the use of cutting fluids? Explain , 

This can be don " using appropriate tool mate
rials IUHI processing parameters. Recall that in 

high speed muchiuiug , most of the heat is '0 11

Vt~YI;'{"I from t.he cutting zone through ihc chip, 
so the need for a r utti ng fluid is less . 

8.86	 If the rake angle is D''. then the frictional force 
iH perpendicular to the cut.t.ing direction 1U1f!. 
therefore, clue> not cont.ribute tu machining 
power requirements. \VlIY, then, is there all in
crease ill the power dissipated when machining 
with a rake angle of, say, 20°"( 

Lets first note I hat although I he fric tiona! for -e, 
because of its vertical position, does not directly 
affect I he cutting power at a rake angle of zero, 

!}o 


