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Preface

The principle of metal cutting processes is utilized for shaping engineering materials
shaping into real component/part manufacturing using machine tools and cutting
tools. Accurate geometry of cutting tools plays a significant role in achieving machin-
ability with superior surface quality and better dimensional accuracy. The book de-
scribes the conventional metal cutting processes such as turning, taper turning,
milling, shaper, grinding, drilling, and other conventional machining problems and
solutions with graphical representation. Each chapter is followed by several problems
and questions that will help the reader significantly understand the formulas and cal-
culations of machining responses.
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About the book

The principle of metal cutting processes is utilized for shaping engineering materials
into real component/part manufacturing using machine tools and cutting tools. Ac-
curate geometry of cutting tools plays a significant role in achieving machinability
with superior surface quality and better dimensional accuracy. The book describes
conventional metal cutting processes such as turning, taper turning, drilling, milling,
shaper, grinding, and other conventional machining problems and solutions in a
graphical representation with conceptual outcome with change in parameter settings.
The book illustrates problems/solutions that will help the reader significantly under-
stand the formulas and the calculations of machining responses.

Salient features of book

– Strong emphasis on solving real metal cutting processes and problems with
solutions.

– Calculation formulae
– Figures: 57
– Tables: 64
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Chapter 1
Metal cutting processes

Learning problem 1

Lathe machine tool is used for manufacturing of cylindrical components using a single
point cutting tool to shape the work specimen. Taper turning shafts are widely utilized
in automobile commercial vehicles such as trucks, buses, cars for power transmission,
and rotation of components. Mass production of tapered profile needs accuracy and
dimensional precision with good surface finish. Determine the value of conicity of
taper job having the length considering the type of skills develop in the graduate.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Big diameter = 100.5 mm and smaller diameter = 80.5 mm.

Learning solution 1

Formula of conicity
Length of taper, I = 50 m
Larger diameter, Dl = 100.5 mm
Smaller diameter, DS = 80.5 mm

K = Dt −DS

l

= 100.5− 80.5
50

= 20
50

=0.4Ans.

Now K versus length of taper.

Table 1: Values of length
of taper and conicity.

L (in mm) K (conicity)

 .
 .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for taper cutting and to understand that conicity reduces with length of
the work material specimen.

Learning problem 2

Automotive components needed to manufacture in tapered profile with one side di-
ameter to be larger than the other side for power transmission and motion of parts.
Lathe machine tools, both conventional and CNC, are widely acceptable for taper
turning of different engineering materials. Compute the larger diameter of a taper
workpiece. The conicity for input values is to be computed, considering the length
of taper cut to be 300.5 mm and small diameter as 85.5 mm.

Bloom’s taxonomy cognitive level ACTION VERB: compute

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.
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Figure 1: Graph between length of w/p and conicity.

Table 1 (continued)

L (in mm) K (conicity)

 .
 .
 .
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Learning solution 2

Here, length of taper = 300.5 mm
Conicity, K = 1/10 to 1/50
Smaller diameter, DS = 85.5 mm
Large diameter = De

K = Dt −DS

l
ðconicityÞ

De =Ke +Ds

De =
1
20

× 300.5+ 85.5

De = 100mm

The expected outcome for the graduate is to impart knowledge and computation
skill for taper cutting process and to understand and remember and to apply the
taper turning method using compound rest of the lathe machine tool for the experi-
ence that conicity reduces with smaller diameter of the work material specimen.

Learning problem 3

Metal cutting process, namely, taper turning compound rest is used to set the angle
of cut for machining of hard materials (metallic) with machining single point cut-
ting tool made of HSS (high-speed steel) or ceramic carbide inserts. Compute and
apply the angle at which the compound rest is to be swiveled.

Bloom’s taxonomy cognitive level ACTION VERB: compute

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Table 2: Values of large
diameter and conicity.

Ke De (mm)

/ 

/ 

/ 

/ .
/ 
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Tapered portion of the work = 100.5 mm
Smaller diameter (DS) = 50.5 mm
Larger diameter (De) = 75.5 mm

Learning solution 3

Here, De = 75.5 mm
Ds = 50.5 mm
l = 100 mm

S = 1/100× 900
2

= 4.5 mm

Dependency of S (angle) on conicity are given below.

The expected outcome for the graduate is to impart knowledge and computation
skill for taper cutting process and to understand and remember and to apply the
taper turning method.

Table 3: Values of conicity and
angle.

K (conicity) S (mm)

/ .
/ .
/ .
/ .
/ .

Table 4: Values of length and
angle.

L (in mm) S (mm)

 .
 

 .
, 

, .
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Learning problem 4

Metal cutting standard practices on lathe machine tool process parameters, namely,
feed rate and depth of cut play an important role in performance testing such as
metal removal rate, lower tool wear, surface quality, and roughness. A turning tool
has corner radius ranging from 0.35 to 1.55 mm. Determine and apply the feed rate in
order to obtain a theoretical center time average roughness of 5.5 mm for Al-6061.

Bloom’s taxonomy cognitive level ACTION VERB: determine and compute

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 4

In this case, rn = 1.5mmand hcLA= 5.5× 10− 3

hcLA= 8+ 2
10

ffiffiffiffiffiffiffi
3rn

p

f 2 = rnhcLA=0.2566=0.02923

f =0.17mm=rev

Table 5: Values of corner radius
and feed rate.

rn (in mm) f (mm=rev)

. .
. .
. .
. .
. .
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The expected outcome for the graduate is to impart knowledge and computation
skill for taper cutting process and to understand and apply the surface roughness
measurement/testing.

Learning problem 5

Machinability is referred to as ease of machining and depends on machining fac-
tors, namely, RPM of chuck, feed rate, depth of cut, and type of material (hardness).
Calculate and determine the machining time required for mild steel rod to reduce
from 60.5 to 50.5 mm diameter for a length of 1,500 mm and depth of cut 2.5 mm for
rough cut and 1.5 mm for finish cut.

Learning solution 5

∴Tm= A+ l+O
fr×N ×n machining time calculationð Þ&V = πDN

1,000 = π×60.5×N
1,000 =30m=min

or N = 30× 1,000
π × 60

= 500
π

RPM

Tm = 5+ 1, 500+ 5
0.5× 500

π
× 3min = 56.93 min

Depends on Tm and cutting speed (V).
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Figure 2: Graph between feed rate and center time average roughness.
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for calculation of machining time as cutting speed increases.

Learning problem 6

Manufacturing of geometrical feature (thread cutting) using lathe machine tool is
widely applicable in small-scale industries to large-scale industries for fastening
and power transmission industries (automobile parts are required for fastening
screws, nuts, and bolts). Calculate and determine the time of thread cutting re-
quired for external thread cutting of 2.5 mm. Pitch thread on job of 20.5 mm diame-
ter, namely, the work material: die steel rod at a cutting speed of 8.5 m/min for a
length of 100 mm on a shaft of 200 mm.

Table 6: Values of cutting speed and Tm.

Cutting speed (V) Tm (time taken for machining in min)

 .
 .
 .
 .
 .
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Figure 3: Graph between cutting speed and Tm.
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Bloom’s taxonomy cognitive level ACTION VERB: calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 6

Machining time for thread cutting
Diameter of the job, D = 20.5 mm
Length of threading portion, l = 100 mm
No. of cuts for external thread = 2.5 × pitch

= 2.5 × 2
= 5

∴Tm = l×no. of cuts
N × lead

and N = V × 1,000
π D

= 8× 1,000
π × 20.5 rpm= 400

π
rpm

Tm = 100
400
π × 2

× 5 min = 1.96min

Depends on RPM and Tm.

Table 7: Values of RPM and diameter of job.

RPM Diameter (D)

400
π

� �
127.32≈ 127 .

400
π

� �
159 .

400
π

� �
191 .

400
π

� �
223 .

400
π

� �
254 .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill thread cutting practices on cylindrical profile components.

Learning problem 7

Gear manufacturing from macro- to micro-size is required almost in all fabrication
and power transmission industries globally. The series of gears that drive the lead
screw are called change gears as they may change them to turn different thread
pitches. To understand it is required to calculate and determine the change gears to
cut a single assuming start thread as 1.55 mm pitch value lead screw of 6.5 mm
pitch for aluminium-6062 material.

Bloom’s taxonomy cognitive level ACTION VERB: calculate and determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 7

The change in gear ratio= Pitch of the 30b×no. of starts
Pitch of the lead screw

= Driver gear Sð Þ
Driven gear Sð Þ

0

127.32

0

159

191

223

254

2.9

0

0

2.35

1.96

1.68

1.47

0 50 100 150 200 250 300
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RPM  versus Diameter

Diameter (D) R.P.M.

Figure 4: Graph between RPM and diameter of job.
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= 1.55× 1.2
6

1
4
× 20
20

= 20
30

simple gearingð Þ

Now depends on gear ratio and pitch of the lead screw.

The expected outcome for the graduate is to impart knowledge and computation
skill for gear ratio as the pitch of the lead screw changes.

Metal cutting process: thread cutting

Learning problem 8

Driver and the driven gear ratio change the efficiency and performance of the RPM
of the mating parts. Determine and calculate the change in gears in an engine lathe
to cut 12.5 threads per inch (T.P.I.), and the lead screw has 4.52 mm pitch for me-
dium carbon steel.

Bloom’s taxonomy cognitive level ACTION VERB: calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 8

Change in gear ratio = Driver gear Sð Þ
Driven gear Sð Þ = Pitch of the job in mm

Pitch of the lead screw in mm

= 1=12× 25.4mm
4

= 254
12.5× 4.5× 10

= 127× 20
60× 4× 20

Table 8: Values of pitch of the lead screw and gear ratio.

Pitch of the lead screw (mm) Gear ratio

 mm (.) :/:
 mm (.) :
 mm (.) :
 mm (.) :
 mm (.) :
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∴ Pitch = 1
No. of threadsinch

" #

Gear ratio= 127
80

× 20
60

compound gearingð Þ

Note: Assume single start thread; do not mention the no. of starts.
Depends on gear ratio and change in T.P.I.

The expected outcome for the graduate is to impart knowledge and computation
skill for gear ratio as T.P.I. changes.

Learning problem 9

Engine lathe machine tool is applicable for thread manufacturing for special faste-
ners. Calculate and determine the change gears for cutting 12.5 T.P.I. on an engine
lathe having a lead screw of 4.5 T.P.I.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 9

Formula:Change in gear ratio = Driver gear Sð Þ
Driven gear Sð Þ

= Pitch of the job
Pitch of the l.S.

Table 9: Values of speed and gear ratio.

Speed (threads per inch) Gear ratio

 .
 .
 .
 .
 .

Learning solution 9 11

 EBSCOhost - printed on 2/14/2023 3:11 PM via . All use subject to https://www.ebsco.com/terms-of-use



= 1=12:5
1=4:5

= 4:22=12= 1=3

1=3× 20=20= 20
60

=0.353

Depends on gear ratio and T.P.I.

The expected outcome for the graduate is to impart knowledge and computation skill
for gear ratio as T.P.I. changes.

Learning problem 10

Lathe machine tool is used to machine cylindrical workpiece materials using sin-
gle point cutting tool or hard carbide inserts. Workpiece rotates fixed in a chuck,
and cutting tool is fed in a direction perpendicular to the axis of the work material
specimen. Determine and calculate the RPM, namely, workpiece (stainless steel)

Table 10: Values of thread per
inch (T.P.I.) and gear ratio.

T.P.I. (inch) Gear ratio

 .
 .
 .
 .
 .

T.P.I. (in inch)
Gear ratio0

2

4

6

8

1 2 3 4
5

Thread per Inch versus Gear Ratio 

T.P.I. (in inch) Gear ratio

Figure 5: Graph between T.P.I. and gear ratio.
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of 100.5–180.5 mm in diameter which is to be turned in a lathe machine tool to
attend a cutting speed of 25.5 m/min.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 10

Cutting speed=V = πDN
1,000

Cutting speed,V = 25m=min

Work specimen, D= 100− 180mm

25= π × 100.5 N
1,000

N = 25.5× 1,000
π × 100

N = 79.6 RPM

N = 80.2 RPM

Table 11: Values of diameter of
workpiece and RPM.

Diameter RPM

 

 66.31≈ 70
 56.84≈60
 49.73≈ 50
 44.20≈40

Learning solution 10 13

 EBSCOhost - printed on 2/14/2023 3:11 PM via . All use subject to https://www.ebsco.com/terms-of-use



The expected outcome for the graduate is to impart knowledge and computa-
tion skill for change in diameter and RPM of chuck.

Learning problem 11

Facing is the first lathe machine operation before turning to remove the undesired sur-
face on both sides of the faces of the cylindrical work material. Single point cutting tool
(HSS) is used for the turning and facing of ductile materials. Calculate and determine the
machining time for a facing operation on a lathe m/c for different facing lengths. Shift
with 400.5 RPM and feed may be taken as 0.25 mm/rev for the steel-graded material.

Bloom’s taxonomy cognitive level ACTION VERB: calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 11

Facing length, l= D
2
= 100

2
= 50mm

Job speed, N = 400.5 RPM
Feed/rev, f = 0.2 mm/rev
No. of cut = 1
Diameter of job, D = 100–180 mm
Machining time

100
120

0

140 160 18080 66.31

0

0 0 0

0%

20%

40%

60%

80%

100%

1 2 3 4 5 6

Diameter versus rpm

Diameter R.P.M.

Figure 6: Graph between diameter and RPM.
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Tm = A+ l+Oð Þ
fr×N

× no. of cut

Tm = 5+ 50+ 3ð Þ
0.25× 400

× 1

Tm =0.725min

Now it depends on facing length (l) and machining time.

The expected outcome for the graduate is to impart knowledge and computation skill
for machining time as facing length changes.

FACING LENGTH VERSUS
MACHINING TIME

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

90 mm

1.225
1.1

0.975
0.85

0.725

80 mm 70 mm 60 mm 50 mm

Figure 7: Graph between facing length and machining time.

Table 12: Values of facing length and
machine time.

Facing length (l) Machine time (Tm)

 mm .
 mm .
 mm .
 mm .
 mm .
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Learning problem 12

Shaper is a conventional machine tool used in small-scale industries for flattening
the plates, groove, and slot making including keyways. Calculate and determine
the time required for a face of a rectangular block made of cast iron by a shaping
metal cutting process.

Data given:
Length of rect. block = 400.5 mm
Width of rect. block = 300.5 mm

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 12

Length of stroke, L= la + l+ loð Þ=1,000= 20+ 400.5+ 10
1,000 =0.43m

Time for cutting stroke, tc =
L
Vc

= 0.43m
10 m=min

= 0.043min.

Time for the return stroke, tr =
L
VR

= 0.43m
15 m=min

= 0.0287min.

Table 13: Values of shaping width
and machining time.

bo (mm) Tm (min)

 .
 .
 .
 .
 .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for shaping versus machining time observations.

Learning problem 13

Surface finish improvement on rough surfaces of the engineering materials like cast
iron and mild steel can be gradually improved using shaping before grinding the
faces of the plate. Calculate and determine the time required on a shaping m/c for
complete one cut only on a plate mad of cast iron, namely, 200.5 mm × 300.5 mm;
cutting speed is 15.5 m/min. The return time to cutting time ratio is 2:3, and the feed
rate is 2.54 mm.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 13

Time taken to complete in double strokes = L 1+mð Þ
1,000×V

Total no. of double strokes required to complete the job = B
5

Total time required to complete the cut = C× 3 1+mð Þ
1,000×V × 5

0

10

20

30

40

50

1 2 3 4 5

Shaping width versus Machining Time

bo (mm) Tm (in min)

Figure 8: Graph between shaping width and machining time.
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The expected outcome for the graduate is to impart knowledge and computation
skill for cutting ration versus machining time.

Learning problem 14

Grinders are used to improve the surface quality, namely, workpiece is pressed against
the rotary grinder made of suitable reinforcement materials. Calculate and determine
the wheel speed of a shaft/rod (aluminum 6065) with a diameter of 100.5 mm which is
to be grinded.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Table 14: Values of cutting ratio
and machining time.

Cutting ratio Tm (min)

. .
. .
. .
. .
. .

0
1
2
3
4
5
6
7

1 2
3

4
5

Cutting Time versus Machining Time

Cutting time ratio Tm (in min)

Figure 9: Graph between cutting time and machining time.
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Learning solution 14

Peripheral speed of the w/p sample Vw = 15 m/min
Diameter of the w/p sample Dw = 100.5 mm
Wheel speed, Nw = ? RPM
Formulae:

Vw = πDwNw

1,000

Let us find dependency of Nw on Vw.

Metal cutting process: turning

The expected outcome for the graduate is to impart knowledge and computation
skill for the grinding operation.

Table 15: Values of peripheral
speed and wheel speed.

Vw (m/min) Nw (rpm)

 

 

 

 

 

0 20 40 60 80 100 120 140 160

1

2

3

4

5

Peripheral speed versus Wheel speed

Vw (m/min) Nw (rpm)

Figure 10: Graph between peripheral speed and wheel speed.
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Learning problem 15

Accomplish turning operation and apply cylindrical parts using single point cutting
tool on the lathe machine tool. Feed and depth of cut are set as per the need of the
diameter to be turned and surface quality. Evaluate and determine the machining
time for turning of aluminum (6063) with 50.5 mm diameter brass bar to 42.5 mm
diameter over length of 50 mm and pin speed of 450RPM. The maximum depth of
cut is limited to 3.2 mm and feed f is set at 0.22 mm/rev.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 15

Tm = L+ loð Þ
fN

where we took N different values

N = 350–450 RPM

Tm = L+ lað Þ
fN

= 2 50.5+ 3ð Þ
0.2× 350

= 1.514min

Tm = 2× 50+ 3ð Þ
0.2× 410

= 1.292min

N = 370 RPM

Tm = 2× 50+ 3ð Þ
0.2× 370

= 1.432

Table 16: Values of pin speed and
machining time.

N Tm

 .
 .
 .
 .
 .
 .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for speed variation and machining time required.

Learning problem 16

Twist drill cutting tools (having more than one edges with flutes) are used for
manufacturing hole on engineering materials. About 12.5 mm diameter hole is to be
drilled in steel to a depth of cut of 50.5 mm with HSS drills. Determine and calculate
the time of drilling 100 pieces, if the (aluminum 6062) setup time is 30 s.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development

Learning solution 16

Drill RPM= 30× 1,000
π × 12.5ð Þ = 79.33

The available speed on the machine nearest to the above value is 750 RPM.
Time required for drilling hole up to 50 mm depth

= 50× 60
0.15× 750

= 26.66 s≈ 27 s.

Time calculated for removal of chips in between = 5 s.

0

100

200

300

400

500

1 2 3 4 5 6 7

Pin speed versus Machining Time

Series1 Series2

Figure 11: Graph between pin speed and machining time.
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The expected outcome for the graduate is to impart knowledge and computation
skill for drilling time required with respect to change in RPM.

Learning problem 17

Gear manufacturing is important for transmit power/motion to machine elements.
Determine and calculate the machining time of milling process (gear manufactur-
ing) for Al-6063 engineering material its to be cut. Tool diameter is 100.5 mm with
12 cutting teeth, and the depth of cut is 5.5 mm.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Table 17: Values of RPM and
drilling time.

N (RPM) Time for drilling T (s)

 .
 .
 .
 .
 .
 .
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RPM versus Drilling Time
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Figure 12: Graph between RPM and drilling time.
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Expected outcome: knowledge (psychomotor domain) pertaining to skill
development

Learning solution 17

Time length formula

= 2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
5× 100.5− 5.5ð Þð Þ

p
= 43.58

Thus,
N = 30× 100

π × 100ð Þ = 92.45RPM

Let us take that 90 RPM is available on the machine feed per
min = 90 × 12 × 0.22 = 216 mm/min

Time for cutting on both = 90.5
216

min

Time for indexing rapid reversing = 0.25 min
Time for machining the gear = (90/216 + 0.254) = 40 min.

Table 18: Values of feed rate and
machining time.

Feed (mm per min) Time (min)

 

 

 

 

 .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill feed versus machining time required.

Learning problem 18

Orthogonal and oblique cutting are the variant methods applied for cylindrical
shaped engineering materials. Al-6061 is turned on end in orthogonal cutting con-
dition with a tool of rake having 20°. Chip length of 85.5 mm is obtained during
metal cutting practice from an uncut chip length of 202 mm and cutting with a
depth of cut of 0.5 mm. Determine and calculate the thickness (chip) and variation
of shear angle with respect to the rake angle.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 18

Chip thickness ratio = 85:5=202=0.42

rt =
t
tc

= Vc

V
= Lc

L

Shear angle ∅ is to determine

0%

20%

40%

60%

80%

100%

1 2 3 4 5

Milling Process: Feed versus Machining 
Time

Feed mm per min Time min

Figure 13: Graph between feed rate and machining time.
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∅= tan− 1 rt cos ∝ .
1− rt sin∝

� �
= tan− 1 0.42× cos 20

1−0.42× sin 20

� �

= 24.74°

Chip thickness tc = t=0:42= 1.18mm

tc =
5

0.42 = 1.28mm

The expected outcome for the graduate is to impart knowledge and computation skill
for turning operation to verify the effect of change of shear angle and rake angle.

Table 19: Values of rake angle and shear
angle and wheel speed.

∝ (rake angle) ∅ (shear angle)

 .
 .
 .
 .
 .

[0, 16] [16, 32]
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Rake Angle versus Shear Angle

Figure 14: Graph between rake angle and shear angle.

Learning solution 18 25

 EBSCOhost - printed on 2/14/2023 3:11 PM via . All use subject to https://www.ebsco.com/terms-of-use



Learning problem 19

Tool geometry has a relationship with rake and shear angles. Calculate and deter-
mine the relationship variation of chip thickness and shear angle machining of a
component on shaper machining tool. The work material (cast iron) having length
along the stork is 100.5 mm and the chip length of 40.5 mm is obtained with a tool
of 15° rake angle.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 19

t × l= tc × lc

Therefore, chip thickness ratio t=tc = lc=L= 40.5 100.5=0.4=

∅= tan− 1 r cos ∝
l− r sin ∝

� �

= tan− 1 0.4× cos 15�

1.04× sin 15�

� �
= 23.335

Chip thickness = tc = t r=

= 1.5=0.4= 3.73mm

if r values change.

Table 20: Values of chip thickness and
shear angle.

r (chip thickness) ∅ (shear angle)

. .
. .
. .
. .
. .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for turning and for predicting the relationship, namely, chip thickness
and SPCT shear angle.

Learning problem 20

Two-dimensional cutting or orthogonal cutting operation for metal cutting of ductile
materials is accomplished with a work and cutting tool to be aligned perpendicular
to the feed movement. Using the input data given below, calculate and determine the
variation of shear angle and force:

Rake angle of tool = 15.5°
Uncut chip thickness t = 0.255 mm
Width of chip = 2.1 mm
Chip thickness ratio r = 0.46
Fraction angle β = 40°

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 20

tan∅= r cos ∝
1− r sin ∝

= 0.46 cos 15.5�
1−0.46 sin 15ð Þ = 26.76

 (Chip Thickness)
  (Shear Angle)0

10

20

30

1 2 3 4
5

Chip Thickness verus Shear Angle

 (Chip Thickness)   (Shear Angle)

Figure 15: Graph between chip thickness and shear angle.
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Fs = t.b.k=sin∅= 0.255× 2× 250
sin 26.76 = 279.62

force = 277.62
cos ∅+ β− ∝ð Þ =

277.62
cos 51.76 = 458.52N

Cutting force component = 448.52
cos 25�ð Þ = 406.85N

The expected outcome for the graduate is to impart knowledge and computation skill
for shear angle variation with force.

Table 21: Values of shear angle
and force components.

∅ (degree) F5(N)
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Figure 16: Graph between shear angle and force component.
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Chapter 2
Metal cutting analysis

Learning problem 21

Lathe machining tool (conventional/CNC based) is used for various machining opera-
tions such as facing, turning, taper turning and threading. Calculate the force and
shear angle for the machining of mild steel work specimen, considering length of cut
chip obtained from uncut chip length of 100 mm= 50.5 mm, rake angle of tool = 10°,
uncut thickness = 0.25 mm, and width of cut = 1.5 mm.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 21

Chip thickness ratio= Lc
L

=0.5

Shear angle= r cos∅
1− r sin∅

= 0.5 cos 10
1−0.5 sin 10 = 26.34�

F5ð Þ Force along the shear plane= t.b.k
sin∅

= 123.4N

Resultant force on the cutting tool Rð Þ= F5
cos ∅+ β+ ∝ð Þ = 212.08N

R cutting force component Fhð Þ=R× cos β− 2ð Þ= 203.64N

u= tanβ=∞ β= tan− 1 0.8ð Þ= 39.65

Table 22: Values of friction angle and force.

Friction angle (degree) Force R (N)

 .
 .
 .
 .
 .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for friction angle versus force.

Learning problem 22

Feed, depth of cut, and RPM of the moving cylindrical part (work specimen) play an
important role for detecting the machining performance outcome variables. Al-
6063 bar 80.5 min diameter with cutting speed of 60 m/min is turned. The feed and
depth of cut are set at 0.45 mm/rev and 3.51 mm. Determine and calculate the spe-
cific resistance and the unit power of material.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 22

Cross section of Al-6063 being removed = f × d

= 0.45 × 3.51 = 1.42 mm2

Specific cutting resistance = fc=fd =
750
1.4 N=mm2

Power being consumed= 750× 60
1,000× 6ð Þ =0.72 kW
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Figure 17: Graph between friction angle and force.
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Material being removed per second= 1.4× 60× 1,000
60× 1,000ð Þ

= fdV
60

cm3=s

Unit power= 0.75
1.4 =0.537 kW=cm3=s

where Up= Fc
1,000× f ×d

The expected outcome for the graduate is to impart knowledge and computation
skill for feed rate and unit power obtained.

Table 23: Values of feed rate and
unit power.

Feed Unit power

. .
. .
. .
. .
. .
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Figure 18: Graph between feed rate and unit power.
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Learning problem 23

Drilling and its variant metal cutting operations like boring are used to make a hole
of specified geometry and dimensions for automobile and fabrication machine tool
parts. Calculate and determine the trust/torque required for drilling 20.5 mm diame-
ter holes in Al-6061 rectangular plate of 25.5 mm thickness. The feed is set at
0.255 mm/rev to take cutting speed of 40.5 m/min.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 23

Trust force

F = 196.2 f 1.1D1.2N

= 196.2 0.15ð Þ1.1 20.5ð Þ1.2

= 196.2×0.124× 36.4

= 883.84N

Torque

M =0.1265 f 0.83D1.9 Nm

=0.1265× 0.15ð Þ0.83 20.5ð Þ1.9

=0.1265×0.207× 295.45

= 7.862Nm

Table 24: Values of feed and force.

f (feed) FN (force)

. .
. .
. .
. .
. .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for feed rate versus force calculation.

Learning problem 24

Drilling involves two principal cutting edges made of HSS and other carbide-coated
tools. Calculate and determine the trust force, torque, and power required to drill
Al-6063 with drill cutting tool of 14.5 mm diameter. The feed = 0.24 mm/rev and ro-
tational speed is at 410 RPM.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 24

F = 67.4× 103 f 0.87 D=127+W=Dð Þ1.9 N

= 67.4× 103 0.2ð Þ0.87 14.5=127+0.153ð Þ1.9 N
= 1169.8N
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Figure 19: Graph between feed rate and force.
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Torque

M =0.292 f 0.6D1.7 Nm

=0.292 0.24ð Þ0.6 12ð Þ1.7

= 7.9Nm

Rotational speed= 300× 2π
60

rev=s

Power consumed in drilling= 7.6× 410× 2π
60

= 245.76W

The expected outcome for the graduate is to impart knowledge and computation
skill for RPM versus power.

Table 25: Values of RPM and power.

N pmð Þ Power
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Figure 20: Graph between RPM and power.
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Learning problem 25

Bake rake angle guides the direction of chip flow and protect the cutting edge.
Angle may be positive, negative, or neutral. Determine and calculate the rake angle
for the cylindrical work specimen (mild steel) with back rack angle side equal to 10°
and side cutting edge angle 30°. The feed and depth of cut are set at 0.24 mm/rev
and 3.5 mm, respectively.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 25

γs = side cutting edge angle

tanφ= d
f + d tan γ1ð Þ

Chip flow angle φð Þ= tan−1 3= 0.24+ 3.5× tan 30ð Þð Þ
= 57.21�

∝ c = tan−1 tan ∝ b cosφ+ tan∝ 5 sinφð Þ

∝ c = tan−1 tan 10� cos 57.21� + tan 10� sin 57.21�ð Þ
= tan−1 0.176 0.415+0.840ð Þð Þ
= 13.8�

Table 26: Values of side cutting edge
angle and shear angle.

γs (side cutting edge
angle)

φ (shear angle)

 .
 .
 .
 .
 .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for shear angle versus side cutting edge angle.

Learning problem 26

High temperature is established at the chip tool interface area in the form of spot
welds. Calculate and determine the temperature rise at the shear plane of a steel-
graded alloy of yield strength in shear of 310 N/mm2 with a tool of 12° rack angle.
The fraction angle β= 44.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 26

∅= 45− 1=2 44− 2ð Þ= 23�

Es =
K cos ∝

sin∅. cos ∅− ∝ð Þ

Es =
310× cos 10
sin 29× cos 19

= 644.5Nm=cm3
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Figure 21: Graph between SCEA and shear angle.
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Temperature rise at a shear plane= 664.5
0.44× 7.87ð Þ

= 186.12 �C

The expected outcome for the graduate is to impart knowledge and computation skill
for rake angle versus temperature rise.

Learning problem 27

Al-6061 rod of 50.5 mm diameter is to be turned over a length of 160 mm with a
depth of cut of 1.55 mm feed of 0.2 mm/rev at 230 RPM by the HSS tool. Determine
and calculate the required parts to be used for turning operation.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 27

Cutting speed Vð Þ= π D N
1,000 = π × 50.5× 230

1,000 = 36.13m=min

Table 27: Values of rake angle and
temperature.

∝ (rake angle) T (temperature rise)

 .
 .
 .
 .
 . °C
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for depth of cut versus machining time.

Learning problem 28

Merchant force circle diagram and analysis on various force components are pre-
dicted with chip thickness ratio and the contact area and length. Calculate and de-
termine the contact length.

Uncut chip thickness = t = 0.25 mm
Cutting force component in the direction cutting velocity (Fh) = 125 N
Cutting force component normal to the machined surface = Fv = 65 N
Chip thickness ratio = rt =0.45 rake angle= ∝ = 12
Width of cut b = 3.5 m
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Figure 22: Graph between depth and machining time.

Table 28: Values of depth of cut and
machining time.

D (mm), depth of cut T (min), time

. .
. .
. .
. .
. .
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Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 28

The shear plane angle is given by

∅= tan− 1 0.45 cos 12
1−0.45 sin 12

� �
= tan− 1 0.48ð Þ

∅= 25.64

Now

tan β−∝ð Þ= fv
fn

= 60
120

=0.5

β−∝= 26.56

β= 36.56�

The natural contact length ln is obtained using

hn =
�

t:sin½π=4+ 1=2ðβ− 2Þ�
sin½π=4− 1=2ðβ− 2Þcos β�

�

ln =
�
0:2 sinð25:64+ 36:56− 10Þ

ðsin 25:64 cos 36:56Þ
�

=0:454mm

Table 29: Values of friction angle
and contact length.

β (degree) ln (mm)

 .
 .
 .
 .
. .

Learning solution 28 39

 EBSCOhost - printed on 2/14/2023 3:11 PM via . All use subject to https://www.ebsco.com/terms-of-use



The expected outcome for the graduate is to impart knowledge and computa-
tion skill for friction angle versus contact length.

Learning problem 29

Surface grinding metal cutting process is a secondary process needed for improving
texture and surface reliability/quality. Calculate and determine the uncut chip
thickness for a cast iron plate by an SiC wheel of diameter 150 min under the follow-
ing conditions:
a) No. of active grits per unit length along the wheel surface = 22 mm
b) Depth/feed = 40 mm

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 29

Uncut thickness; ang =
VN

MVg

d
Dγ

� �1=2

, aang =
2

22× 3,000
0.04
150

� �1=2
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Figure 23: Graph between friction angle and contact length.
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The machined time tmð Þ= 2 Im
f × nw

= 2× 53
0.2× 450

= 1.20min

The expected outcome for the graduate is to impart knowledge and computation skill
for feed versus machining time.

Table 30: Values of wheel velocity
and uncut thickness.

S. no. Vw (m/min) aang (mm)

 . .
 . .
 . .
 . .
  .

Table 31: Values of feed rate and
machining time.

Feed Machining time (tm)

. .
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. .
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Figure 24: Graph between feed rate and machining time.
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Learning problem 30

Aluminum-6063 rod is widely used in automobile and fabrication industries. HSS
cutting tool is fed and the unwanted materials in the form of chips are generated
during rotation of work material via a chuck bar. Determine the tool life for cutting
velocity of 42 m/min, if the tool life is VT0.2 = 84.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 30

T = 84=42ð Þ1=0:2 ffi 22 min

The cutting speed for 60 min tool life is given by

VT = 60 = 80= 60ð Þ0.2 = 35.27m=min

Table 32: Values of time and
cutting speed.

T (min) V (m/min)

 .
 .
 .
 .
 .
 .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill cutting speed versus machining time.

Learning problem 31

Cutting temperature can be analyzed during experimental investigations and through
simulation analysis for the machining of hard-to-machine materials. Calculate and
determine the average cutting temperature to change by two times the cutting veloc-
ity and reducing the principal cutting edge angle from 60° to 30° for Ti–6Al–4V alloy
used for aerospace applications.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 31

Avg. cutting temperature Tavg ∝
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
VcSo sin θ

p
“θ” is available; Vc ! cutting velocity
So !

Tavg2

Tavg1
=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2Vcso sin θ
Vcso sin 90

s
=

ffiffiffiffiffiffiffiffiffiffiffiffiffi
2 sin θ

p
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Figure 25: Graph between time and cutting speed.
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Tavg2

Tavg1
=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 sin 30�p

= 1 ! change=0 �C

The expected outcome for the graduate is to impart knowledge and computation
skill for PCEA and change in percentage of temperature.

Learning problem 32

Surface roughness of die-steel needs to improve after turning operation on lathe
machine tool. Calculate and determine the surface roughness at feed of 0.4 mm/rev
if the tool’s cutting angles are 40° and 15°.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Table 33: Values of PCEA and
change of temperature.

θ (PCEA) Change (%)
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Figure 26: Graph between PCEA and change of temp. (%).
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Learning solution 32

Surface roughness,

hmax =
So

Co +∅+Co +∅∅
=0.0928mm= 92.8Hm

hmax =
0.4

cot 40� + cot 15�

“∅” is variable.

The expected outcome for the graduate is to impart knowledge and computation
skill for shear angle and surface roughness.

Table 34: Values of cutting angle
and surface roughness.

∅ (degree) hmax (μm)

 .
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Figure 27: Graph between cutting angle and surface roughness.
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Cutting process single point cutting tool

Learning problem 33

Tool signature of the single point cutting tool is designated by seven different an-
gles and nose radius. The design is recommended to achieve the maximum effi-
ciency of metal cutting during turning on the lathe machine tool. Calculate and
determine the orthogonal rake angle (ro) of the cutting tool (HSS) specified in the
ASA system as 12°, −10°, 8°, 6°, 15°, 30°, 0 (mm).

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 33

Orthogonal rake angle (ro)

tan ro = tan rx sin∅+ tan ry. cos∅

rx = 100, ry = 120,∅= 90− 300 = 600

“∅” is variable

tan ro = tan 12ð Þ, sin 60ð Þ+ tan − 10ð Þ. cos 60
ro = 3.68�

Table 35: Values of shear angle and orthogonal rake angle.

∅ (degree) Orthogonal rake angle ro (degree)

 −.
 −.
 .
 .
 .
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The expected outcome for the graduate is to impart knowledge and computation
skill for shear angle versus orthogonal rake angle.

Learning problem 34

Clearance angles reduce the pressure and avoid the rubbing of work material with tool
edge, preventing larger friction and heat generation during the metal cutting practices.
Calculate and determine the values of side clearance angle of HSS tool, with tool ge-
ometry designated as −12°, 12°, 8°, 6°, 15°, 75°, 0 (mm) in orthogonal rake system.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 34

Side clearance angle ð∝xÞ
cot ∝x = cot ∝0 sin∅− tan λ cosϕ

∝0 = 8.00 ϕ= 75� λ= 12

∅ is variable

cot ∝x = cot 8.00ð Þ. sin 75ð Þ− tan − 12ð Þ cos 75= 7.918
!∝x = 8.22
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Figure 28: Graph between shear angle and orthogonal rake angle.
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for shear angle relationship with side clearance angle.

Learning problem 35

Twist drills are available in various types, namely, center drill, step drill, taper drill,
and slot drill for hole manufacturing. Determine and calculate the axial rake angle
for a twist drill whose helix angle (θ) is 34° and the chisel edge diameter is 4 mm.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development to machine a taper cut on cylindrical shaft

Table 36: Values of side clearance angle and tool
designate.

∅ (degree) Side clearance angle ∝x (degree)
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Figure 29: Graph between side clearance angle and tool designate.
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Learning solution 35

tan rDið Þ= ri
6

� �
tan θ

= 5
10

� �
tan 34=0.4524

! rDi = 18.25�

“θ” is variable.

The expected outcome for the graduate is to impart knowledge and computation
skill for axial rake angle of twist drill for hole manufacturing.

Table 37: Values of axial rake angle
for twist drill and helix angle.

θ (degree) rDi (degree)
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Figure 30: Graph between axial rake angle for twist drill and helix angle.
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Learning problem 36

Calculate and determine the side rake angle made of HSS engineering material for
machining, namely, turning of die steel maintaining a pitch value of 1.5 mm. Tool
signature: 0°, 0°, 10°, 30°, 30°, 0 (mm).

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 36

rxw = tan− 1 S0
2πr

� �
+ rxD,

S0ðPitchÞ= 1:5mmrxD ¼ 00

r = 8mm

S0 variable

rxw = tan− 1 1.5
2π 18ð Þ

� �
= 3.28�

Table 38: Values of pitch and
surface finish.

S (mm) rxw (degree)

. .
. .
. .
. .
 .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for side rake angle.

Learning problem 37

Turning a mild, steel rod at feed of 0.24 mm/rev by a carbide tool having orthogonal
rake angle of 30°, the chip thickness was found to be equal to 0.60 mm. Determine
and calculate the best chip reduction coefficient.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 37

r = a2
a1

; a2 =0.60mm and a1 = S0 sin∅ð Þ; S0 =0.24mm=rev

“∅” is variable

r = a2
S0 sin∅

= 0.60
0.24, sin 30�ð Þ = 4.2
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Figure 31: Graph between pitch and surface finish.
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for chip reduction coefficient.

Learning problem 38

Tool life is represented by Taylor’s tool life equation universally. Calculate and de-
termine the tool life for the given specified conditions:

Condition A. Reduction in tool life from 20 to 12 min as the cutting velocity in-
creased from 200 to 250 m/min. Check for 300 m/min.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Table 39: Values of shear angle and chip reduction coefficient.

∅ (degree) R (chip reduction coefficient)

 .
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Figure 32: Graph between shear angle and chip reduction coefficient.

52 Chapter 2 Metal cutting analysis

 EBSCOhost - printed on 2/14/2023 3:11 PM via . All use subject to https://www.ebsco.com/terms-of-use



Learning solution 38

Taylor’s tool life eqn VTn =C ! T2

T1

� �n

= V1

V2

� �

! 12
20

� �n

= 200
250

� �
! n=0.35

! T3 =T1
V1

V2

� �1=n

! T3 = 24
200
300

� �1=0:55
= 11:48min

“Tool life” is variable ðT3Þ.

The expected outcome for the graduate is to impart knowledge and computation
skill for tool life.
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Figure 33: Graph between tool life and cutting velocity.

Table 40: Values of tool life and cutting velocity.

Tool life (min) Cutting velocity (m/min)

 .
 .
 .
 .
 .
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Learning problem 39

Determine and calculate the machining time to reduce the diameter of a rod from
200 to 195 mm over length of 200 mm at cutting velocity of 220 m/min and feed of
0.2 mm/rev.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 39

Actual machining time, Tc =
π D Lw +A+0ð Þ

1,000VcSo

D= 220mm, Lw = 200mm

“Vc” is variable

Tc =
π 220ð Þ 200+ 5+ 5ð Þ
1,000 220×0.2ð Þ = 3min

Table 41: Values of cutting speed
and machining time.

Vc (m/min) Tc (min)

 .
 .
 .
 .
 .
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The expected outcome for the graduate is to impart knowledge and computation
skill for cutting speed versus machining time.

Learning problem 40

Calculate and determine the maximum total power during the turning operation of
Al-6063 alloy for the following input variables:
a) Cutting force, Z = 710 N
b) Cutting velocity = 250 m/min

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 40

Max total power, Vt =
PzVc + PxVfð Þmax +Vf + Vi½ �f0ft

nenm
Vc = 710× 250½ �= 3.4 kW

Vn = PzVc + PxVtð Þ= 3.2+0.1+ 3.2= 3.52 kW

Vt =
3.52+0.15× 3.4+0.1+ 3.4ð Þ1.25× 1.2

0.95×0.9
= 13.2 kW
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Figure 34: Graph between cutting speed and machining time.
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill maximum power obtained during turning operation.

Table 42: Values of cutting force
and cutting velocity.

Vc Vt ðkWÞ
 .
 .
 .
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Figure 35: Graph between cutting force and cutting velocity.
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Chapter 3
Metal cutting optimization

Learning problem 41

Shaper machine tool is widely used for plate to improve the surface quality, which
reciprocates in forward and return stroke, with actual cutting in forward stroke only
and return stroke is an ideal stroke. Calculate and determine the stroke length for
machining cast iron if a slide is reciprocated by a crank of radius 90 mm and a con-
necting rod length of 180 mm.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 41

Stroke length; St = 2 × crank radius
Quick return ratio = 1
“Crank radius” is variable.

Table 43: Values of crank
radius and stroke length.

Crank radius Stroke length
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for shaping the engineering material.

Learning problem 42

A center lathe having 14 spindle speeds is recommended for machining Al-6063 alloy
(diameter: 50–100 mm) at cutting velocity in between 40 and 210 m/min. Calculate
and determine the lowest and the highest spindle speeds of that lathe machine tool
utilized for metal cutting operation.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 42

Spindle speed: NL =
1,000×Vmin

πDmax

Spindle speed: NH = 1,000×Vmax

πDmin

∅ shear angleð Þ= NH

NL

� �1= z − 1ð Þ
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Figure 36: Graph between crank radius and stroke length.
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for cutting velocity versus shear angle.

Learning problem 43

Calculate and determine the speed of the gear blank on different cutting velocities
for blank having 42 teeth to be machined using HSS hob cutter (diameter 76 mm) at
a cutting velocity of 44 m/min.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Table 44: Values of cutting
velocity and shear angle.

Cutting velocity ∅ (shear angle)
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Figure 37: Graph between cutting velocity and shear angle.
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Learning solution 43

Speed, Nh =
1,000×Vc

πDh
= 1,000× 42

π 76ð Þ = 191.4RPM

Speed of gear blank, Ng = 191.4× 1
40

= 4.54 RPM

The expected outcome for the graduate is to impart knowledge and computation
skill for gear blank speed calculation versus cutting velocity.

Learning problem 44

Calculate and determine the coefficient of friction (Ma) during metal cutting, namely,
turning operation on Al-6064 alloy with cutting tool having r0=0� and ∅= 75�, the
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Figure 38: Graph between gear blank speed and cutting velocity.

Table 45: Values of gear
blank and cutting velocity.

Vc Ng

 .
 .
 .
 .
 .
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magnitudes of the cutting force components Pz and Px are 710 N and 310 N,
respectively.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill devel-
opment to machine a taper cut on cylindrical shaft

Learning solution 44

∅= 75; Px =Pxy sin∅

When r0 =0�, F = Pxy = 410N

Normal force, N = Pz = 710 N

Ms = F=N = 310
810

=0.426

Table 46: Values of cutting force
and coefficient of friction.

Pz (N) Ms
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Figure 39: Graph between cutting force and coefficient of friction.

Learning solution 44 61

 EBSCOhost - printed on 2/14/2023 3:11 PM via . All use subject to https://www.ebsco.com/terms-of-use



The expected outcome for the graduate is to impart knowledge and computa-
tion skill for the coefficient of friction during turning process.

Learning problem 45

Orthogonal cutting operation is to be carried out on Al-6065 alloy. Calculate and
determine the coefficient of friction during orthogonal machining operation with
the help of the following variables:

t1 =0.25mm, ∝=0�, FC = 900N, FT = 475N

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 45

Coefficient of friction, μ= Fc sin ∝ + FT cos ∝
Fc cos∝ − FT sin ∝

μ= 475=900=0.34

Table 47: Values of rake angle
and coefficient of friction.

∝ (degree) μ

 .
 .
 .
 .
 .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for calculation of coefficient of friction.

Learning problem 46

Steel-graded cylindrical part needs to be machined using HSS tool to reduce the di-
ameter of a steel from 120 to 100 mm area with a length of 200 mm by turning at a
cutting velocity (Vc) of 160 m/min. Calculate and determine the machining time re-
quired for the change in depth of cut for the given conditions.

Bloom’s taxonomy cognitive level ACTION VERB: determine and compute

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 46

Machining time, Tc =
πDL D1 −D2ð Þ
1,000VcSo 2tð Þ

= π 100ð Þ 200ð Þ 120− 100ð Þ
1,000× 160×0.25× 2

= 6.25 min
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Figure 40: Graph between rake angle and coefficient of friction.
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for depth of cut and machining time.

Learning problem 47

Industries have a major challenge to produce large number of products with least
time and better quality. Small-scale industries and large-scale industries evaluate
the time and life of the parts manufactured. Calculate and determine the machining
time using the following input variables, namely, in a batch production of mild
steel shafts by machining:

Idle time per piece is 12 min ðTcÞ
Machining time per piece is 10 min ðTcÞ
Life of each tool tip is 40 min (TL)

Table 48: Values of depth of cut and machining time.

Depth of cut “C” (mm) M/C time (Tc) (min)
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Figure 41: Graph between depth of cut and machining time.
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Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 47

Total machining time, Tt =Ti + Tc +
Tc

TL
TCTð Þ

The expected outcome for the graduate is to impart knowledge and computation
skill for machining time.

Table 49: Values of idle time and
machining time.

Tc(min) Total time (Tt) (min)
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Figure 42: Graph between idle time and machining time.
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Learning problem 48

Metal cutting processes are the evidence of vibrations, chatter, and forces due to
the contact of cutting tool with the workpiece. Calculate and determine the orthogo-
nal component of cutting force in turning a die steel at a feed of 0.5 mm/rev and
depth of cut of 3 mm.

Learning solution 48

Pz = t × S0 ×Cs r − tan r0 + 1ð Þ

The expected outcome for the graduate is to impart knowledge and computation
skill for cutting force components.

Table 50: Values of depth of cut
and orthogonal force.

Depth of cut (t) (mm) PZ (N)
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Figure 43: Graph between orthogonal force component and depth of cut.
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Learning problem 49

Feed rate is provided to the rotary specimen by the cutting tool in the direction lon-
gitudinal to the axis of the work specimen. Calculate and determine the Al-6063
roughness value at feed of 0.6 mm/rev which will be the surface roughness if the
tool’s cutting angles (∅ and ∅1) are 40° and 20°, respectively.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 49

Surface roughness, hmax =
S0

cot∅+ cot∅1

= 0.6
cot 40� + cot 20�

= 0.0928 mm

= 92.8 mm

Let ∅1 be the variable.

Table 51: Values of surface
roughness and shear angle.

∅ (degree) hmax (mm)

 .
 .
 .
 .
 .
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for testing of surface roughness.

Learning problem 50

The side rake angle in the HSS cutting tool avoids rubbing and provides strength to the
cutting tool. Calculate and determine the value of the side rake angle (rx). The geome-
tries of a single point cutting tool are specified as 0°, 10°, 8°, 6°, 15°, 60°, 0 (mm).

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 50

Side rake angle (rx)

tan rx ¼ tan rx · sin∅� tan λ cos∅

∴ ∅ ¼ tan 10ð Þ · sin 60ð Þ � tan 0ð Þ · cos 60ð Þ
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Figure 44: Graph between surface roughness and shear angle.
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for the side rake angle of the cutting tool.

Figure 45: Graph between side rake angle and shear angle.

Table 52: Values of side rake
angle and shear angle.

∅ (degree) rx (degree)

 .
 .
 .
 .
 .
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Chapter 4
Metal cutting performance responses

Learning problem 51

Metal cutting of steel grade (low carbon steel) is turned and taper turned using the
HSS cutting tool. Calculate and determine the inclination angle (r0) of the tool in
the ASA system as 20°, −20°, 8°, 6°, 15°, 30°, 0 (mm).

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 51

Inclination angle (λ)

tan λ= tan ry sinϕ− tan rx cosϕ

rx = 20�, ry = − 20�, ϕ= 90− 30= 60�

Let “ϕ” be the variable

tan λ=� tan 2ð Þ cos 600	 
þ tan �200	 

sin 600

∴tan λ= 14.54

Table 53: Values of inclination
angle and shear angle.

∅ (degree) λ (degree)

 −.
 −.
 −.
 −.
 −.

https://doi.org/10.1515/9783110676662-004
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for the inclination angle.

Learning problem 52

Clearance angle is provided to the HSS cutting tool as one of the tool signatures.
Calculate and determine the values of clearance angle (∝m), where geometry is
specified in ORS as −10°, 10°, 8°, 6°, 75°, 0 (mm).

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 52

Clearance angle (∝m)

cot ∝m =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
cot2 ∝ o+ tan2 λ

p
∴ ∝m = cot− 1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
cot2 8+ tan2 − 10�ð Þ
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Figure 46: Graph between inclination angle and shear angle.
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for clearance angle performance for the turning operation.

Learning problem 53

Calculate and determine the axial rake (Yx Di) angle at a radial distance of 4 mm of
a 22 mm diameter twist drill with helix angle (θ) is 20.5°.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.
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Figure 47: Graph between clearance angle and ORS.

Table 54: Values of clearance
angle and ORS.

λ (degree) ∝m (degree)

−° .
−° .
−° .
−° .
−° .
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Learning solution 53

tanYDi =
Yi

Y

� �
tan θ

tanYxDi =
ri
r
tan θ

The expected outcome for the graduate is to impart knowledge and computation
skill for the axial rake angle.

Learning problem 54

Calculate and determine the side rake angle for the cutting tool having thread pitch
of 5.0 mm that cuts on a 11.5 mm diameter rod by the HSS cutting tool with geome-
tries 0°, 0°, 8°, 10°, 30°, 30°, 0 (mm).
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Figure 48: Graph between radial distance and axial rake angle.

Table 55: Values of radial distance
and axial angle.

ri (mm) YxDi ðdegreeÞ
 .
 .
 .
 

 .
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Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 54

YXW =YXDi + ri

tan ui =
S0
2πr

Here, S0 = pitch= 5mm, r = 5.5mm

∴ui = tan− 1 x
xπ8

� �

Table 56: Values of thread pitch
and side rake angle.

π mm YXW (degree)
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Figure 49: Graph between thread pitch and side rake angle.
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for the side rake angle.

Learning problem 55

Determine and calculate the friction angle with variation of shear angle for a die
steel rod specimen at feed 0.35 mm/rev by a carbide tool having orthogonal rake
angle of 20° and principal cutting edge angle of 30°.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 55

Let r = chip reduction coefficient

∴ r = a2
a1

= 0.48
0.35 sin 30� = 3.84

r = S0 sin∅ and ∅= 30�

tan β= cosY0

r − sinY0
, where Y0 = 20 orthogonal rake angle

∴ β= tan− 1 cos 20
3.84− sin 10

� �
= 15.03

Table 57: Values of rake angle
and cutting angle.

∅ (degree) β (degree)

 .
 .
 .
 .
 .
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The expected outcome for the graduate is to impart knowledge and computa-
tion friction angle.

Learning problem 56

Determine and calculate the temperature of the HSS cutting tool during machining
of die steel on the lathe machine tool. Under a given condition of plain turning of a
mild steel rod by an HSS tool, the average cutting year temperature was measured
to be around 565 °C.

Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 56

θavg ∝ a1ð Þ2.4, θvag = 565 C

avg2 =
sin θ
sin 90

� �0.24
× 565�

avg2 =
sin 30
sin 90

� �
× 565= 502.2 C
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Figure 50: Graph between rake angle and cutting angle.
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The expected outcome for the graduate is to impart knowledge and computation
skill for temperature measurement of cutting tool during the metal cutting process.

Learning problem 57

Calculate and determine chip tool contact length for the machining of die-steel with
following input variables, namely, 10° orthogonal rake angle/75° principal cutting
edge (∅)/feed, 0.32 mm/rev.

Bloom’s taxonomy cognitive level ACTION VERB: calculate and determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Table 58: Values of average
cutting temperature and ∅.

∅ (degree) avg2 (C)
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Figure 51: Graph between average cutting temperature and ∅.
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Learning solution 57

Given a2 =0.70mm, S0 =0.32mm=rev, ∅= 75�, Y0 = 10�

Let the entire chip be in plastic contact. Now,

Cp = a1 1+ tan β0Y1
	 
� �

tan β= cosY0

r − sinY0
, 2.26

∴ tan β= cos 10
2.26−0.966 =0.56

∴ β= 37.27�

∴Cp = a2 1+ tan 37.27� − 10�ð Þ½ �

= 1.02 mm

Table 59: Values of orthogonal
rake angle and Cp.

Υ (degree) Cp (mm)
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Figure 52: Graph between orthogonal rake angle and Cp.
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for the chip tool contact length.

Learning problem 58

Calculate and determine the machining power for the metal cutting turning process
for Al-6063 alloy having diameter of 210 mm and velocity of 120 m/min with feed of
0.2 mm/rev.

Bloom’s taxonomy cognitive level ACTION VERB: calculate and determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 58

S0 = feed=0.2mm=rev, d= diameter= 210 mm

Vc = cutting velocity= 120 m=min

n= spindle speed.

Vc =
πdn
1,000 = 120m=min=ZxS− 1

∴ n= 1,000× 120
π × 200

= 191 RPM

∴ Total
M
C
power, ET =PZVC + PπVfeed

∴ ET = 800× 2+ 450N × 0.038
60

= 1,600 + 0.2865

= 1,600 W
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for the machining power.

Learning problem 59

Calculate and determine the average chip tool interface temperature during the ma-
chining of stainless steel rods having yield shear strength of 420 and 200 MPa at
cutting velocities of 120 and 220 m/min.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Table 60: Values of cutting
velocity and power.

Vc m/s ET (W)
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Figure 53: Graph between cutting velocity and power.
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Learning solution 59

θib
θia

= Zsb
Zsa

� �
Vcb

Vca

� �
= 220

420

� �
220
120

� �
=0.85

The expected outcome for the graduate is to impart knowledge and computation
skill for the measurement of chip tool interface temperature.

Learning problem 60

Determine and calculate the machining time required to reduce the diameter of an
Al-6061 cylindrical rod from 220 to 195 mm over a length of 300 mm.

Table 61: Values of cutting
velocity and ratio.

Vcb (m/min) Ratio
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Figure 54: Graph between cutting velocity and ratio.
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Bloom’s taxonomy cognitive level ACTION VERB: determine and calculate

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 60

Formula for machining time;Tc ¼ πD Lw þ Aþ 0ð Þ
1000VcSo

Vc = 220 m/min, So = 0.2 mm/rev

∴Tc =
π 220ð Þ 300+ 5+ 5ð Þ
1,000× 220×0.2ð Þ = 4.32min

Table 62: Values of machining
time and diameter.

Diameter, D (mm) Tc (min)
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Figure 55: Graph between machining time and diameter.

Learning solution 60 83

 EBSCOhost - printed on 2/14/2023 3:11 PM via . All use subject to https://www.ebsco.com/terms-of-use



The expected outcome for the graduate is to impart knowledge and computa-
tion skill for the machining time calculation.

Learning problem 61

Grinding is a surface finish process needed to perform on all metallic plates and
cylindrical parts after primary machining process, namely, tuning, milling, welding,
and casting. Calculate the metal removal rate for the machining of mild steel rod
with input set at depth of cut = 0.03 mm and wheel speed = 100 RPM.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 61

Material removal rate

Z =Vt × 1,000× f × d mm3=min
	 


= 30× 1;000× 10×0:05

Z = 15,000mm3=min

Table 63: Values of depth of cut
and wheel speed.

(Vt) (Z)

 ,
 ,
 ,
 ,
 ,
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The expected outcome for the graduate is to impart knowledge and computa-
tion skill for the calculation of metal removal rate.

Learning problem 62

Hard and difficult-to-machine materials are not easy to machine using conventional
machining processes. ECM (electrochemical machining) is utilized for the machining
of metallic Fe base plate. Calculate and determine the current needed if the atomic
weight of iron is 56, valency = 2, and density = 7.8 g/cm3.

Bloom’s taxonomy cognitive level ACTION VERB: determine

Expected outcome: knowledge (psychomotor domain) pertaining to skill
development.

Learning solution 62

Metal removal rate MRRð Þ= EI
F
Ð cm3=5
� �

I = MRRð ÞFÐ
E

MRR= 3 cm3=min (MRR is variable).
F = 26:8 amp−hr= 1;008 amp−min
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Figure 56: Graph between depth of cut and wheel speed.
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E = N
n
= 60

2
= 30

I = 3× 1, 608× 7.8
30

= 1, 254.24 A

The expected outcome for the graduate is to impart knowledge and computation
skill for the metal removal rate calculation in the ECM process.

Table 64: Values of current and
MRR.

MRR (cm/min) Current (I)
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Figure 57: Graph between current and MRR.
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