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Introduction

Manutfacturing process

[ Human ]

Metallurgy

[ Earth ] [ Engineering ]

Material
[ Nature ]

physicochemical
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Question: What are the properties of engineering materials?

Answer:

SRR AE I o A .

They have Engineering shape.
Determine chemical composition.
Correct physical properties.
Dimensions and standards.
Interchangeability.

Certain life.
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Metal cutting theory

Q)RS EHR G5

UTS

yield Rupture

Plastic Deformation

Stress

Elastic Deformation

There are two types of manufacture:

1. By metal cutting.
2. By metal forming or by plastic deformation.

DAMA (3 SN g )3 5 990
XS )
eSSl (S sasE oAl L) RS Sl Sl 4y Y

4



All designs are under the roof of yielding stress. In metal cutting, the force
applied on the piece must be greater than UTS to make the piece fracture
under the action of the force. The fracture piece is called chip. In metal

forming, the force applied on the piece is greater than yielding stress but
less than UTS .
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Geometry of cutting tools

Cry S el (5 jluss jlail

Orthogonal cutting tool

v:Rake angle
a: Clearance angle
B:Tool angle (Metalic angle)
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There are three angles for the cutting edge on the cutting tool, rake angle (y),

It is better to increase the rake angle for easy flow of the chip and decreasing the
heat of cutting.

Clearance angle (), it is better to increase the clearance angle to decrease the
friction between the surface of cut and the cutting edge of the tool.

Tool angle(f), it is better to increase the tool angle for increasing the resistance

of the tool to the mechanical forces. The sum of these angles is g

And we have to find a solution between these angles for each cutting operation,
For the soft materials like (AL), the angle Scan be decreased for the benefit of the
angle < and y. But for hard materials, it is better to use higher value of the tool
angle.
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Auxiliary cutting edge

Tool hose
—>

Main cutting edge

=Y g Approch angle

,él’g Auxiliary Approch angle

Oblique cutting tool LY (s )l

There are two cutting edges: main and auxiliary cutting edge.
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Correct values of < and y

Question: What happen when the tip of the tool will be fixed below or above the
level of the center of the work piece?

Answer: For having correct values to the rake angle(y) and the clearance angle («
), the tip of the tool must be fixed at the level of the center of the work piece as
shown below:
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When the tip of the tool is fixed
below the center there will be a

difference angle (0) because

the tip is under the center with

a distance (h). In this case, the

rake angle (y) will be decreased
with (0) for the benefit of the clearance angle () as shown below:
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(r-0)+f+@+0)=>

When the tip of the tool is fixed above the center there will be a difference angle
(6). In this case, the clearance angle (@) will be decreased with (8) for the benefit
of the rake angle(y) as shown below:
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(r+6)+B+(@—0) ==

Cutting velocity

SR uli
Ve = DN
© = 1000

Vc: cutting velocity (ﬁ)

D: diameter of the cutter (mm).

N: spindle speed (RPM).
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Example: Determine spindle speed of a high steel drill whose 12mm diameter and
cutting velocity is 28m/min.

R 50 (12mm) e 4S S )t e Y 5 SOASE S (Sdatan (5 ) K 4 g ga

2(28m/min)sasSasy p

Given: D=12mm, Vc=28m/min, N=?

: : : DN
Solution: cutting velocity=Vc¢ = =

1000

T 12« N
~ 1000
N=743 RPM (answer)
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Orthogonal and oblique cutting

Orthogonal and oblique turning

S R Y G

oblique turning

Orthogonal turning

Question: write you know about oblique turning.
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Answer: In orthogonal turning, the cutting edge of the tool is perpendicular or
parallel to the axis of rotation of the shaft while in oblique turning, the cutting
edge of the tool is inclined to the axis of rotation of the shaft with an approach
angle (@). Orthogonal turning is not used to mass production because it has one
cutting edge but oblique turning is used in mass production because it has two
cutting edges. In obligue turning, the chip has the same cross section a=f*t, but
oblique turning has a finer chip easy to be deformed to be taken away and it does
not remain on the tool because of this, heat will not produce in the tool. For this
reason, the tool life is longer then that of the orthogonal turning. Therefore, the
oblique turning is productive and economic but orthogonal turning is not.
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Question: In oblique turning, the chip is thinner than that of orthogonal turning,

why?

Answer: Because the cutting edge of the tool is inclined to the axis of rotation with

an approach angle (@) as shown by the figure.
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Shear angle (@)

SBIBFEIES

Chip = parallel shear plaléi

Thickness of plate

Magnitude of strained materiai/x/

(©) ~ ®

Question: What are the advantages of the shear angle (@) in the metal cutting?

Answer: Shear angle is an important parameter in metal cutting because metals
have a certain value for the shear angle. Engineers can use it to indicate the type
of the manufacturing process which is productive and economic or not. It can be
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determined from chip thickness ratio (R) and rake angle (y) and also the
derivation is shown below:
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From the figure, 0+> 1 = 5 => 2+>3 +vy

D=>2+y - >2=0Q0—vy

ng = {1 = AB sing
= — - =

sin 1B sin

t2
cos 2 = cos(@ —y) ZE - t2 = ABcos(® —v)

P = tl  ABsing
"~ t2  ABcos(@ —v)

sin® sin®

= - R =
cos(@ —y) cos@cosy + sin@siny

Rcos@cosy + Rsin@siny = sin(®
both sides devided by (cos®)
LS (COS@) Gala Y g5 4a

(Rcos@cosy) Rsin@siny sin@®
+ =
cos@ cos@® cos®

R cosy + R tan® siny = tan@®
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R cosy = tan® — R siny tan®

R cosy = tan@®(1 — Rsiny)

tan @ = oY
1 — Rsiny
Milling
C):’:’JV‘J
There are two forms of milling:
1.  Up milling.

2. Down milling.
AR Ol )3 0
LA o A g yla ]
Dl o s G yla 2

Cltter rosation direction Cutter rotaticn direction

//"

cﬁilp lengih

- “Thip length
————epe Fiad dirgction s Fed] direction

1.Up milling. 2.Down milling.
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Milling cutter
u;u‘e\.l LSJLA:JAA
There are two types of milling cutter:

1.  Cylindrical milling cutter. h = \/t(D —t)
2. Face milling cutter. h = % [ D —+VD?%—-W?2 ]

s Gl 5 lde a5
c S sl gl s lia 1
29 e )b 2

Speed motion

Feed
o Workpart
Workpart

()

1.Cylindrical milling cutter. 2 Face milling cutter.
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Example 1: A carbide face milling cutter of 200mm diameter is used to take one
cut a cross the face of a block of aluminum 300 mm wide. The length of block is
450mm. If a feed of 0.75mm per revolution is used, how long will it take to
machine one cut on the block. The over travel is 12mm.Vc=320 meter per minute.

g (58 s 5 ki IS4 (5(200mm ) (sub IS (s (i g (S ba ) 4d g ga
1) 5A e 4845 5 (450mm) 48483k 235,00k (300 mm) psiedds SIS 555
Al R Sy ) SASda i Catiglien Ada (5o gla i yiien Sy 135 s anal (0.75mm)
JaSSal a4l yia (Ve=320) . o(12mm) ASAsiinali (s pas 48483l

Given: diameter of the cutter = D=300 mm, Width of the block = w =200 mm, Feed
=f=0.75 mm/rev, S=12 mm.

Solution:
v nDN 320 (m * 300 * N)
= —_— - =
© = 71000 1000

N = 340 RPM

1 _
h=z|D—-VD?-W? |

1 _
h=|300- 3002 — 2002 ]
h =38mm

L=1l4+h+s=450+38+12 =500mm

L 500

Machining time = Tm = N =375 » 340

Tm = 1.97 minute (Answer)
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Example 2: A carbide cylindrical milling cutter 250 mm in diameter is used to cut a
block of mild steel with a plain cutter. The block is 500 mm long. If the feed is 0.5
mm per revolution and depth of cut is 1.2mm. Determine the time required to
take one cut. The over travel is 16 mm and cutting velocity is 80 m/minute.

Y 3 GSIS5L e 1t )84 (5(250mim e sl IS (ol o) i gl (S lie 1Y 4 s
1S3l & aaal (0.5 mm) () s e 484, 6 35 )3(500 mm) 4S4S 3l | cadad S lie 4a (B i
G, Ot My 5 R s 314K (6l G 5 IS,k (1.2mMm) Gy shsB o s Sl il IS4
(80 m/minute) ) i o 55(16 mm) sASATLLAS L

Given: diameter of the cutter = D=250 mm, length = [ = 500 mm,depth of cut =t
=1.2 mm, Feed = f =0.75 mm/rev, S=16 mm.

Solution: Ve = 22X, g = &250N)
1000 1000
N =102 RPM.

h=t(D—t) = /1.2(250 — 1.2) =17.3mm.
L=1l+h+s=5004+173+ 16 = 533.3mm

L 5333
fN  0.5%102

Machining time = Tm =

Tm = 10.45 minute (Answer)
Note :
number of strokes = 1 if D > width of the block
number of strokes = 2 if D > width of the block
4SaS3h A< D A8 ) = aila (ol

4\5‘\5)1\@1.\( Dﬁgé»j\‘ :%Lga)u)
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Example 3: A carbide face milling cutter (160 mm) diameter is used to change the
dimensions of (10) blocks of (124 mm * 130 mm * 136 mm ) to (10) cubes of (120
mm * 120 mm * 120 mm). the feed is (0.75 mm/revolution ), the over travel is (16
mm), the depth of cut is (1 mm) and the cutting speed is (200 m/minute): a. find
the total economic time taken to machine all the blocks. b. Draw sketches for your

answer, showing the details of cut.

(10) (S\Soaitas ) i) Ka 5 ua H&d (5(160 mm)e_s cubi\S (s ) iy S lier T dd g sal

(120 mm * 120 mm * 120 Lias (10) 5 (124 mm * 130 mm * 136 mm ) S3b
(5 A 0 9 (i yiign LS4y 1381 s aadl 6(0.75 mm/revolution ) 4S4ila ) sa e ¢ mm)

. -A (200 m/minute)saSas y sy S s ¢ b (Imm) G SBos o(16 mm) aSaiiialy

AL 4diy s lSlia -B L lSAS 5D g gt (30 )SA0SAL Sa0 g0 )3 5 MR (5 )5 5l (IS ASdeds

ASAL (5 )6 5 i (i «aSaaYe 5 5

Given : cutter diameter = D =160 mm, number of blocks = K = 10 blocks, feed = f
=0.75 mm/revolution, the over travel = 16 mm and cutting speed = 200 m/minute.

DN (*x160%N)

Solution: Ve = — - 200 =
1000 1000

N = 397.887 RPM.

4Se block 32 )% 4 04 maximum dimension Csied ¢ (e Se block 4w <liilS
1090 ) 53 SV (shamo y i Sl 5 4% block s 352 4 (vl minimum dimension e

Maximum dimension = block height = 136mm
Minimum dimension = block length = | = 124mm

~ width of the block = W = 130mm
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cutting direction % T [ i1_5_ I,

maximum dimension=136

{ f

130
124

Minimum {[iﬂl{’llﬂiﬂll}

1_
h=- p—D2-w2 |

1_
h=- 160—\/1602—1302]
h = 33.363mm

L=1l+h+s5s=124+33.363+16 = 173.363 mm

Number of stroke =1 because D > width of the block

Machining timel
(total length 1) (cutting thickness
= X

feed x speed depth of cut
* number of strokes

L1 16
Tm1 =(—>*(—>*k*1
fN t
173.363 ) (16
k

) 101
0.75 = 397.887 1>* i

) * number of blocks

Tm1=<
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Tm1l = 92.951 minute

4% block 5 )% 4 oS maximum dimension Cuied ¢ (5 yea (e block 4w <liils
1090 ) 55 6V (gl y adh b 5,45 block s 32 4 (il minimum dimensions s

Maximum dimension = block height = 130mm
Minimum dimension = block length = [ = 120mm

~ width of the block = W = 124mm

cutting direction %- T 10
maximum dimension=130
JL A

120124

T

minimum dimension

1_
h2 = D—/Dz-W2 |

1_
hz =~ 160—\/1602—1242]
h2 = 29.443 mm
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L2=14+h+5s5s=120+ 29.443 + 16 = 165.443 mm

Number of stroke =1 because D > width of the block

Machining time 2
(total length 1) (cutting thickness
= X
depth of cut

Feed * speed ) * number of blocks

* number of strokes
Tm2 (LZ) (16) ks 1
= |—]*x|— ) * k
me=\rn) T\t
165.443 ) (10
*

) x10%1
0.75 * 397.887 1)* 0

Tm2=(

Tm?2 = 55.440 minute.

4Se block 5 o4 oS maximum dimension Cxied ¢ (e LS block 4w <lilS
1090 ) 55 6V (s y adh b 5,45 block s 32 4 (il minimum dimensions s

Maximum dimension = block height = 124mm

Minimum dimension = block length = | = 120mm
~ width of the block =W = 120mm
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cutting direction % EN I4

maximum dimension =124

120

— 120 —r-

7

minimum dimension

h3=%'D—JDr—W2]
h3==%'160-J1602-1202]

h3 =54.169 mm
L3=1l4+h+s=120+54.169 + 16 = 196.169 mm

Number of stroke =1 because D = width of the block

Machining time 3
(total length 1) (cutting thickness
= *

feed x speed depth of cut
* number of strokes

L3 16
Tm3 =(—>*(—>*k*1
fN t
196.169 ) (4
X

Z) 10 %1
0.75 * 397.887 1>* i

) * number of blocks

Tm3=(

26



Tm3 = 26.294 minute.

The machining time for all blocks = Tm1 +Tm2 +Tm3

Tm=92.951+55.440+26.294=174.685minute.  (Answer)
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Example 4: A cylindrical milling cutter (160mm) in diameter is used to cut with a
plain cut, (10) cubes of (92 mm *92 mm *92 mm) to (6) cubes of (88 mm* 88 mm*
88 mm) and (4) cubes of (80 mm * 80 mm * 80 mm). Determine the economical
machining time, for milling all the cubes, when the feed is 0.8 mm/rev, the depth
of cut is (1) mm, the over travel is (16 mm) and the cutting speed is 40m/min.

(10) .t Sy (i 30 | dia lS43 12 5541 (160mMmM) (2l (i )ha (S jlia s £ 4 g 5ai
55 (88 mm* 88 mm* 88 mm) b Ui (6) 52 (92 mm *92 mm *92 mm) & slb L
(80 (4) o5 uisiien JS4y 1S 52 paal (0.5 mm) (ol 52 jed AR5, 53 53(500 mm) 4848 51,
COSAS 3D g et (5 3480 ) 5 Rl (S )SASAe (JS mm * 80 mm * 80 mm)
o55(16 MM) sASAidsi 5 s o(1mm) Cry 58 (0.8 mm/rev) saSailal s jed SIS
(40 m/minute)saS4as » sy K

Given :cutter diameter = D =160 mm, number of blocks = K = 10 blocks,

feed = f =0.8 mm/revolution, the depth of cut = (1) mm, the over travel = 16 mm
and cutting speed = 40 m/minute.

. DN (m*160xN)
Solution: Ve =—— 540 = ———=
1000 1000

N =79.577 RPM.
There are two groups:
group A, (6) cubes of (88 mm * 88 mm* 88 mm)
group B, (4) cubes of (80 mm * 80 mm * 80 mm)
Calculation for group A:

4Ss block 3 s h 4 oS maximum dimension Cxied ¢ (g yed (1Ss block 4w ElHlS
1030 ) 55 6V (s y 2dh b 5,45 block s 32 4 (il minimum dimensions s

Maximum dimension = block height = 92mm
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Minimum dimension = block length = [ = 92mm
~ width of the block = W = 92mm

CUtting direCof m— 7|T dmm
maximum direction = 92
\lf 92
— a2 ;|'£

minimaium c[ircw:timu-"}

h =4t —1t)

hl =,/1(160 — 1)

hl = 12.609 mm
totallength=L1 =1+ h+s =92+ 12.609 + 16 = 120.609 mm
Number of stroke =1 because D > width of the block

Machining timel
(total length 1) (cutting thickness
= X

B depth of cut

Feed  speed ) * number of blocks

* number of strokes

L1 4
Tm1=(—)*(—)*k*1
fN t
29



Tm1 ( 120.609 ) (4) 61
= k| — ] %k *k
mt=\08+79577) " \1

Tm1 = 45.468 minute

4Ss block 3 4 oS maximum dimension <xied ¢ (g yed (1Ss block 4 SlHIS
10 90 ) 63 (6 (shamn y add o 5,45 block s 352 4 (il minimum dimensions s

Maximum dimension = block height = 92mm

Minimum dimension = block length = | = 88mm
~ width of the block = W = 92mm

cutting direction ——» 7F Amm
maximum direction = 92
g2
| = gg—
minimuin c[irectimu-f'j\
h=+t(D—-1t)

h2 =,/1(160 — 1)

h2 =12.609 mm

30



total length=L1 =1+ h+s =88+ 12.609 + 16 = 116.609 mm
Number of stroke =1 because D > width of the block

Machining timel
(total length 1) (cutting thickness
= *

depth of cut

Feed  speed ) * number of blocks

* number of strokes

L2 4
= (2)+ ()4

FN
S ( 116.609 ) (4) 61
= k | — ] *k *k
me=\08+79577) " \1

Tm2 = 43.96 minute

4Se block 5 st 4 oS maximum dimension Cxied ¢ (e OlSe block 4w <lilS
1090 ) 55 6V (s y adh b 5,45 block s 32 4 (il minimum dimensions s

Maximum dimension = block height = 92mm

Minimum dimension = block length = | = 88mm
~ width of the block = W = 88mm
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cutting direction — U Amm

maximum direction = 92

A

88

— 1 =88k

J

minimum dijrection

Tm3=Tm2=43.96 minute.
The machining time for group A=Tm1 +Tm2 +Tm3
Tm=45.468+43.96+43.96=133.389minute.

Calculation for group B:
Maximum dimension = block height = 92mm

Minimum dimension = block length = [ = 92mm
~ width of the block = W = 92mm
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eutting direcion e 7F I 12mm

maximum direction = 92 |

N A
a2

k— g —K

minimauin c[irectiml-"}

h=t(D—t)

hl =./1(160 — 1)

hl = 12.609 mm
total length=L1 =1+ h+s =92+ 12.609 + 16 = 120.609 mm
Number of stroke =1 because D > width of the block

Machining timel
(total length 1) (cutting thickness
= X
depth of cut

feed * Speed ) * number Of blocks

* number of strokes

L1 12
= () ()

FN
Tm1 ( 120.609 ) (12) 441
e k | — ] %k k
MmE=\08+79577) "\1

Tm1l = 90.937 minute .
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4Ss block 3 4 oS maximum dimension <xied ¢ (g yed (1Ss block 4 SlHIS
10 90 ) 63 (6 (shamn y pdd o 5,45 block s 352 4 (il minimum dimensions s

Maximum dimension = block height = 92mm

Minimum dimension = block length = [ = 80mm
~ width of the block = W = 92mm

cutting dire cHof ——— 7F 12mm

maximum direction = g2

b 92/7|
—1 =g0—K

minimum direction

h=4t(D—1t)

h2 =.,/1(160 — 1)

h2 = 12.609 mm
total length=L1=1+h+s =80+ 12.609 + 16 = 108.609 mm

Number of stroke =1 because D = width of the block
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Machining timel
(total length 1) (cutting thickness
= X
depth of cut

Feed * speed ) * number of blocks

* number of strokes

L2 12
Tm2 :(_>*(T>*k*1

fN
rm2 ( 108.609 ) (12) 41l
= X | — | %k *k
me=\08+79577) " \1

Tm?2 = 81.889 minute

4Se block 5 o4 oS maximum dimension Cxied ¢ (e OlSe block 4w <liElS
10 90 ) 63 6V (shamn y add o 5. 4% block s 352 4 (il minimum dimensions s

Maximum dimension = block height = 92mm

Minimum dimension = block length = | = 80mm
~ width of the block = W = 80 mm
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cutting direction — 1 12mm

maximum direction = 92

7
80

K— | =80—

J

minimum Jjrection

Tm3=Tm2=81.889 minute.

The machining time for group B=Tm1 +Tm2 +Tm3
Tm=90.937+81.889+81.889=254.716minute.

Machining for all blocks= (Tm)A + (Tm)B

=133.389+254.716=388.105minute. (Answer)
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4S 4y i) g0 ¢ Cuidlioay)d 4Se TS AS (g0 55y g LG Al g1y gay4Se 434S (5 diameter 84
il (g0 g \JSQ‘)\;_)AAAJA&UASAS&J? «l 5 p 13Se work piece ng)vMJ\;JJASaJASAS
o)l d Y il ai e Iy K6 (2) Slols maching time Cubeds 5, Caldlisala 4Say

Example 5: A face milling cutter of 80mm diameter is used to change the
dimensions of 9 blocks from (120 mm * 120 mm *120 mm ) to (80mm * 80mm
*100mm ). The feed is (0.5 mm/revolution), the over travel is (20 mm), the depth
of cut is (2 mm) and the cutting speed is (80 m/minute). Determine the economical
machining time for milling all the Blocks. Note : three blocks are milled together.

S3h (9) HSeino ) by B 5 s IS4 5(8OMM)e S (5 ) 351 (S 10 435 5

(0.5  aSla )l & o2 ¢ (80mm * 80mm *100mm ) 5 (120 mm * 120 mm *120 mm)
(2mm)  Cep ARy o(20 MM) ASAELEASE 5 Aoy 152 aadl smm/revolution )
I 31450 ) (55 (Ao SAuSae S A (80 m/minute)sASal p sy Ko ¢ Cab
(O3S AlSda 0 ASH & 5l e A, GSAS 5L g el

Given :cutter diameter = D =80 mm, number of blocks = K = 9 blocks, feed = f =0.5
mm/revolution, the over travel = 20 mm and cutting speed = 80 m/minute.

. DN (rx80%N)
Solution: Ve =—— - 80 = ———=
1000 1000

N = 318.309 RPM.

4Se block 32 )% 4 04 maximum dimension Csied ¢ (e Se block 4w <liilS
10 90 ) 65 6V (shamn y add o 5,45 block s 352 4 (il minimum dimensions s

Maximum dimension = block height = 120mm

Minimum dimension = block length = | = 120mm
~ width of the block = W = 120mm
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CUtirg dire CHON m— 7|T i 40mm I 40mm I 40mm

maximum direction =120

N

120
g =120 S 1 =120 >K— ) =120 =K

minimum direc timu-f’j\

1_
— _ 2 __ 2
h=2|D~-D W]
1_
h=- 80—\/802—602]
h =13.542mm

L1=@B*«)+h+s=(3%120)+ 13.542 + 20 = 393.542 mm

Number of stroke =2 because D > width of the block

Machining timel
(total length 1> (cutting thickness
= *

feed * speed depth of cut
* number of strokes

Tmlz(;—;>*(?)*k*2

__— ( 393.542 ) (40) 342
= kX | — | % E 3
M =\05+318309/  \2

) * number of groups

Tm1l = 296.58minute



4Se block 5 o4 oS maximum dimension Cxied ¢ (e OlSe block 4ed SlilS
10 90 ) 55 6V (s y adh b 5,45 block s 352 4 (il minimum dimensions s

Maximum dimension = block height = 130mm

Minimum dimension = block length = | = 120mm
~ width of the block = W = 120mm

cutting direction —— 7F I 40mm I 40mm I40mm

maximum direction =120

A&

120
k- 1= 80— L=80 K— L=80—K

minimum c[irectimu—"’}‘

h2 = hl = 13.542 mm
L2=B=*1)+h+S=(3+800)+ 13.542 + 20 = 273.542 mm
Number of stroke =2 because D > width of the block

Machining time 2
(total length 1) (cutting thickness
= %

B depth of cut

feed * speed ) * number of groups

* number of strokes

L2 40
na=(2)-() -

FN
S ( 273.54 ) (40) 342
— k | — | *k *k
M =\05+318309) \2
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Tm?2 = 206.14minute.

4% block 5 )4 oS maximum dimension Cuied ¢ (s yea (Se block 4w <liils
10 90 ) 55 6V (s y adh o 5,45 block s 32 4 (il minimum dimensions s

Maximum dimension = block height = 124mm

Minimum dimension = block length = | = 120mm
~ width of the block = W = 80mm

cutting direction —— 7F I 20mm I 20mm IZDmm

maximum direction =120 .
A sn”{
k- 1= 80— L=80 K— L=80—K

minimum ([irectimu—'"/m

1_
h3 = D—/D2—W2 |
h3 = =[go— 802—802]
Al
h3 =40 mm

L3=@*1)+h+s=(3x80)+40+ 20 =300 mm

Number of stroke =1 because D = width of the block
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Machining time 3
(total length 1) (cutting thickness
= k
depth of cut

feed * speed ) * number of groups

* number of strokes

L3 20
Tm3 =(—>*(—>*k*1

N) T\t
T'm3 ( 300 ) (20) 31
= k | — | %k %
M3 =\05+%318309/) \2

Tm3 = 56.52 minute.

The machining time for all blocks = Tm1 +Tm2 +Tm3

Tm=296.58+206.14+56.52=559.24minute. (Answer)
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Drilling &3S ¢S

-

Paint angle, &

A

Question: In drilling operation a straight cylindrical hole is obtained. How?

Answer: This is constructed with boring. The rotating drill feeds into the stationary
work piece to form a hole whose diameter is equal to the diameter of the drill.

T3, Ca R oy S ) (S5l (S sS 18 S oS ol Sl 1wy

Cafiigs Sl Gl oS 15 () shed ASAG (sha Hli4Se oY si 5 ASH oSl 3808 4y e G g yadetd a0 g
L ASe 4SS oS (go it Ao AdluSAy (645 i1 4S
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Cutting force in drilling 1338 oS4l ( y (5 3
Question: What is meant with the horizontal forces in drilling and what are their
advantages?

Answer: 2Fh,these forces act in horizontal plane but in opposite direction, when
the result of 2Fh is zero the hole become true axial, true cylindrical shape and then
if the result is not equal to zero, the product will be bad and non productive and
non economic.

P Olag gm0 Pun luia S (S Al (S 5o i 4l e 2l

alail 4S GBS (il Aty (il )l 4g aV4s ASea IS Ty guals Siaat 5y 4l 4l 33 i 2Fh za¥es
ASMMJAEMuquJQM\JéAJ}j&a}M cﬁu\J‘ﬁaJoﬁga#@odﬁﬁﬁcJﬁZFh
e (5 )99 L g laeda Lo g Culiod il HA ASAadd s ¢ dy gl (JluSey

Question: What is meant with the vertical forces in drilling?

Answer: These forces in vertical direction and they are controlled by F total, the
value is about 40% F total.

Pana 1230 S Sl lSani i e jin Al Covdda 1 o

SASQ SASAA i cada pan (5 (F) ¥l 03 pSed J 3538 5 (g s (sial )43 431 308 o5 1oV g
A s (F) %Ee
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Example 3: Determine the machining time to drill a hole of 20 mm diameter, the
work piece 25 mm thick by a drill at a cutting speed of (30m / minute) with a feed

of (0.2 mm/revolution).
25 ) 4Ss IS (54 5k 5(20 mm e oSS riasdan 554Ss (55l oS il SIS T A sa

)52 343 (30m/minute) e S 43 0 ASI ASE S (5 3843 o) sl (MM
.(0.2 mm/revolution)

Given: diameter = D=20 mm, cutting velocity = Vc =30 m/min, work piece thickness

=25 mm, Feed = =0.2 mm/rev.

Solution: Ve = 2N _, 30 = 7x20+N)
1000 1000
N = 477 RPM,

L=1+(03%D) =25+ (0.x20)

L=254+6=31mm

L 31
Machining time =Tm = =5 = 55777

Tm = 0.324 minute (answer)

LS s0dn 4S Ao 45 3 50 (Ao sl g (548 5 m

L = Block height + (0.3 *D) + S
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Example 4: A hole of (20 mm) is drilled at the center for (9) cubes of (86 mm™* 86
mm* 86 mm) and (9) cubes of (80mm *80mm *80 mm). Determine the
economical machining time, for drilling all the cubes, when the feed is 0.75
mm/rev, the over travel is 20 mm and the cutting speed is 60 m/ min.

(86 mm* 86 mm* 86 mm) s slluiad (9) b slial | usdan (5(20 mm) SiisS: £ 45 el
O5S 30 ¢aSs (sl adly b o Saisle SIS (80mm *80mm *80 mm) (s siluii (9) o
(20 MM )ASAiinSs (s A (0.75 mm/rev) 454l ) i s clulS ¢ (S il 5 setn 2 <
(60 m/ min) 4844 3 s, S o 50

Given: cutter diameter =D=20 mm, feed = f =0.75 mm/rev, over travel =S =20mm
and cutting speed =Vc =60m/min.

Solution: cutting speed =V¢ =
1000
AL N = 954.929 RPM
- - = .
1000

There are two groups :group(1) and group (2).
Group(1) is (9) cubes of (86 mm* 86 mm* 86 mm).
Group(2) is (9) cubes of (80mm * 80mm * 80 mm).

Calculation for group (1):

>
T
86
N A
Kk— 86 %Fi%

Total length = height +(0.3*D) + S
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L= 86 +(0.3*20) +20

L=86+6+20 =112 mm.

totol length
—g) * number of blocks

Tm1=(fiN>*K

112
0.75 x954.929

Machining time= (feed wspeed

Tm1 = ( > * 9 = 1.407 minute.

Calculation for group (2):

>
»
80
N A
k— 80 s

Total length = height +(0.3*D) + S
L= 80 +(0.3*20) +20
L=80+6+20 =106 mm.

totol length

Machining time = ( ) * number of blocks

feed x speed

Tm2=(fiN)*K
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106
0.75 *954.929

Tm1 = ( ) * 9 = 1.332 minute.

Machining time = Tm1 + Tm2 =1.407 +1.332 =2.739 minute. (answer)
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Merchant circle

Coidadia (543 b

Question: what you know about the shear system between the chip and the work
piece.

Answer: There are tow systems in metal cutting:

1.  Shear system between the work piece and the chip.
Friction system between the tool and the chip.
In Merchant’s theory, there is a resultant force R acting on the chip to
be cut and there is reaction R from the work piece. The force R can be
measured due to components Fh and Fv. And also we can draw the
Merchant’s circle which is possible to draw the shear system (Fs) and
(Ns) which they are perpendicular to each other. In this case, the shear
forces Fs and Ns can be determined from equation (1) and (2) whose the
derivations are shown below:

. \J‘\Sa‘)\sdd\%)\ﬁjéﬁg\‘eQ\Mﬁ@ﬁu&udcjlg)cd&:ﬁ\jad‘_e: :J\T'\MJ,:\

DA adiu 53 SIS G pal eV
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NS ) 548 JS aa b ) sl Had et 1
. \3454..&.1\‘2 ‘5451:‘)“)44_1 u\}h‘d u\.u;Sﬂ (A, Y

R (o s48la LS 6 gy L aSAdl ) s a8lSo0 JIS R ) 5 gt aladdd o (5 38 ¢ Jalidaie (5 )33 m 4l
Lo s 48 o5, (Fv) 5 (Fh) (HSe AiSh (s 384s i) s Sl i) ged R (503 L o sASe JIS (san )l 4l 44
Ol 543 4S(NS) 5 (FS) o el (SLEIS 500 sl 4S (aliS) 48 g Caidaia (643 )l (i) s 4
o(2) 5 (1) S sla A1 2 K5 (5 Jn 5 3 o (Ns) 5 (Fs) e s 38 oIl il Sy 55 (5 s
10 5 53 i g0 ) gaal ¢ LilSaiilbla aS o g

C
cos@ = F_ — CE = Fhcos® ... ... ... (*)

But DE = BG

Q_ aBG_IU @------ k

Substituting of(*) and (**) into (Fs)
Fs=CD =CE — DE - Fs = CE — BG

Fs = Fh cos® — Fv sin ... ... ... (D)
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AG
cos(Z)=F—v — AG = Fv cosQ ... ... ... (a)

in @ bE — BE = Fhsin@®
= =
Sin Fh Sin

But GD=BE
. GD = Fhsin@® ... ... ... (b)
Substituting of(a) and (b) into (Ns)
Ns = AD
Ns = AG + GD
Ns = Fv cos® + Fhsin @

Built Up Edge (BUE)
5358 () il
Question: Write and draw what you know about BUE and what are its advantages?
Question: Why it is better to use high cutting velocity in turning?
Answer:

1.  Effect of cutting speed on the BUE.
BUE is a phenomenon which takes place at lower speeds because the
cutting force is very high particularly at speed of 20 m/min then it
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becomes lower. This means that the use of higher speeds is more
economic because micro-crank appears which running in front of the tip of
the tool.
2. Material of the BUE tip.
Some material from the work piece will be welded on the tip of the tool.
3.  Quality of the surface.
So the design of the angles of the tool will be changed, for this reason, the
guality of the surface of the metal to be cut will be changed.
4, The wear of the cutting tool.
The wear of the cutting tool will be change due to melt of some material
from the work piece on the surface of the cutting tool.

f40n 3550 09 BUE (o ke Gl jod 5148 (50 s Al Adiy 054 sin 1ok
¥12o 540l ) g Al oy JLS40 A () IR (O o AL (o 50 1oy

:e‘§°3

. BUE ] (38 (o (2 ASQS )

20 ) oAl SAabBae ) )30 (e i ASie Tl jia (e J Al adlaed g ) 4S4aws )l BUE
4S5 sa 0 sy gl A (ol B (LA IS4 A8 CiiaSon 5 st s, lSea aaS LEG  13(m/min
455)‘)4\.\ 64545_5-“’_)4-“‘ ui.v\:&d LV \Jv‘\S Qéf\ScJJcJ BBLEEDE

. BUE (St A geddla, 2
.0 480 ) 5l é}ﬁcﬁu 4o CiSded 45 S @J\ﬁ 4l saala clinian
. ‘\5")ij e \

4S A S A (g5 () oS a5 e Ko 486 3l jals SISAE R (5 luddiaal (o Al
] Q..bngod &Lu:‘e‘e..\cd
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Cutting tool wear
R s b (Hlsala

i Brealk-in parisd
; ' l Faliure _
q—pu'r-q-— Steady-state wear region ——pe-<— region | r;;r::?;
|
[
[

Accelerating
Uniform wear rate

wear rate

Towl fank wear (FW)

I
I
i
I
|
I
|
|
t
I
i
[
t Fapid initial wear i
]

v

Time of cutting {min)

Question: Flank wear is more dangerous than crater wear.

Answer :The flank wear has division in the dimensions of the surface of
the cutting tool and it affects the surface quality because of this the
productivity of the cutting operation will be decreased. So the flank wear
is more dangerous than crater wear as shown in the figure.

s sl e yipla pie Gl (Al by

ﬂnﬁ\iodJ\Sb}\MS@*&)\)AU&}}JVE\SaMaJVd‘\,}A o saddaly Y Al gala :eYVOJ
CalidiY ) AN | S aaS (g g IS M jlaedd i o5 dedd (5 3843 456 5 ) Sl S
_:oJ\JJO\.&:\}\J‘\S‘\_ﬁjdcﬂojﬂ_9‘2)4“&\)‘9';\3&5‘)3)\@)3‘\.4

53



Ccrater wear

flanlk wear

Abrasive wear 58 Sl

Question: what is the Abrasive wear?

Answer : it is a type of wear. In the Abrasive wear, there is a third body
which is abrasive particle (c). This particle will be fixed on the soft material
as the material is a chip, and it will cut the hard material, the abrasive
particle may be a dust or oxides or sand particle. The abrasive particle will
cut micro-chip from the tool and then the weight of the tool will be
decreased. In the workshops and the factories, the air must be cleaned by
filtration from these particles.

Cans 30 Slosah by

o 55 A 3T add ()0 55 (5ASa 3345 AS A a3 ¢ 258 sl al 4l Al Sy a¥eg
55 (648 30 (i e ASATRAL oaale 5 g (ASAT) ) (soaale b g Aa Calid 8 4Sda Al sadle ]
A4S0 ) s 4l i yod ) ) 03 ) 5 40 i ASa 35y ol (54Sa B0 Gy Gl S $ by Sy 55 4l sl
4 0 S Gl iz 4S) gha (JulSAZ IS g4 o 54l o shiiod adS 4Ss ) yals LS Ll s

Ay i gl s jSad Y
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Roughness of Surfaces
OSe sy 5 )

Form-generated surface —

Round nose cutting tool A & (S p ) b

Formead surface

cutting tool

Question: write what you know about the advantages of the too nose
radius .
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Answer : The round nose tool has an R, less than that of sharp nose tool.
The R; could be decreased (8) times when a proper radius (small r) is used,
for this reason, the sharp nose tools are deleted and the round nose tools
are produced and the radius r is written on the tool because it has round
profile. In this case, the life of the tool is increased and the roughness R, is
decreased.

(SASAT g 5l (g0 ydio 5 )5 (548 5 e (50l dss 5 51 il Jed 534S (g0 S 1 L

(5480 55 0558 0l il 55 5 (551 531 peli Al o 5iedS (R,) Ak (S o A g5l 53l sel st
(A3 add 5o a0 LS4y LAl Sy e s LIS & Al S0 a4S e 525 (8)

Aedd Gy g sl (6480 yii s gaio g | yiia add Ay A Qg (63 Wl g0 sl y e S5l 6 Wl
(MSLE)'U o3 ‘)SJLIJ‘\SQ‘)“)AIJ@MM c\ﬁd\;e‘d Wdﬁé\ﬁjﬁﬂ&ﬁﬁa‘)\f\_\
.aj‘\:i\)s
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Rolling process
o 5433 Sl (5 413 S

Roli

Direction of work flow

Isometric view of rolling process

Question: write what you know about the angle of contact and its

advantages in rolling. How is it determined? How is it decreased in rolling
design?

SO O3 1o Ad 50 A Al (5055 5 (50 s (540 58 (g0 )l o A s il 300 (g0 520 1 e
?\30_54_'1},\3'; LSJL»A.U.\A‘\_! 4] 0‘543..3)55&#\5 uj% ?Qé)ScJ

Answer :
1. Angle of contact.
Angle of contact(c) is an angle in rolling process by which the
rollers are contact with the rolling strip and it is known as biting
angle.
2. Its advantages.
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Its advantages in rolling process to decide in the design of the
rolling (choice suitable rollers radius) according to this rule

. 1 ,Ah : .
( sm% N ) where, r is the radius of the rollers.

3. Determination of the angle.
It is determined due to deformation zone which is between the
strip before rolling and after rolling and also the derivation is
shown below:

1a¥o g
. e s (644 S

3o g gald s aSadaSal Sl 5, 4S VAl 1o g sald (5o S Al aSas K ((oc ) (s srty (s4i K
LS S ad Ry o gl pualiio 5 () ASed Sy

. (9 9

L;a‘):ﬁc}:\}ed‘)\j,\}%)‘\ﬁ\j‘\soﬂjﬁdid‘}w‘\jﬂ\jh)\:\)ﬁjg\doﬁ_gﬁd&ts‘)\d)séddd}y

.- o . v LS 1 |Ah . . Z ¥, .z
54843 )l (5o yi 0 gai (I) ¢le < sinz = - |— ) Ay add oo i Sy (Sl sl S
Lansaly

S R i S0

o5 0S5 ) sl 5 RSl 5 ) iy A4Sy 58 () 5] 4S 0 o ) 6l (sAn U (5 3a40 T JSea (5 0
: c}\JJnglc}oJ\}Sdﬁ‘u:uiUhuojﬂ
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4. Decreasing the angle.
The angle of the contact is decreased with increase the radius
of the rollers or with decrease (Ah).

Rolling process is used to make the steel section which is used
in contractions, wires and plates.

4SS R (50 A3 5 50 048
(AR 05455 53 p4S JABAT s a8l 5y (g0 i o 58 (950 3 JASA o o 5l S pdS ASAio gy (543 R

s aslin Al i yiinon IS4y aS Y 5y (48 (3 Kk g ) 5 Cui a0 JlSas s iy sr JA (51 S
cily 5 Al

The conditions of biting angle in rolling process
130 553 S (5 1S 4l (i 88 (sad 8 JlSas ra

Question : What are the conditions of biting angle in rolling process ?
Question : In rolling process design, the contact angle () was greater
than the friction angle (f), what will occur for the condition of biting and
why? Draw a detail sketch.
Answer : When Ry is positive, the biting occurs.

When Ry is negative, the biting does not occur.

? CrillS o stig o A (sl S Al (B A I8 (oad R (Sas e 1 ke
saSas Rl g0 i e (€ ) (s sty 545 R el g 0 JA (1S (s budidaial 1l
ALK Adi g (s S )5 SO Toa si0 s IS aidla 5l ) (o (B) plbas
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Calasa 95 uﬁﬂ‘)\g by 4 ga ASoc(RX) Sl :?\j°\9

a5y i SR ey b 4Se¢(R, ) lils

the conditions of biting :

1. B must be greater than angle « for having positive Ry to occur rolling
operation.

Or

2. Fxmust be greater than Ny for having positive R to occur rolling
operation as shown below:
FUB B LSEN
cSly 5o i dA gl S U s e (Ry) s 30 ¢ b S Al i e Ciea B -1
ok
Sl 55 )0 Ais s A gl S Uca e (Ry) s 30 (Ny) 4 b i Y e (Fy ) -2
:b}\‘)dom.éb}b‘)\).;“\jkﬂb)ﬂ
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rolling strip

Roﬂe?“/

From the figure,

Rx = Fx- Ny

Rx = f cos o¢-N sin &

To occur rolling

Rx >0
(fcosx-Nsinoc)>0

(u N cos «x-Nsin <) >0
(tanB cos « — sin «) > 0
bth sides divided by (cos )
(tanf cos x) >0

(tanf8 > cos « )

p >«
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Extrusion o Sh

indirect extrusion FAdiul bl S

Question : Indicate only two important qualities for indirect extrusion.
Answer :

1. The direction of pressure and extruded material are opposite to each
other.
2. The extrusion die is fixed on the piston (Ram).

AU Sl R gren L a8 ) S g gn Lgiad 1l
1a¥o g
OSSR el s o) 58 R (goalen g LS gaiul HU )

(Ram) Sty sl o gl S 5K cpd s L6 | Y
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Hydrostatic extrusion &L 43 cpd Kia
Question: What is the main advantage of the hydrostatic extrusion of shafts.

Answer: These shafts which produced due to hydrostatic extrusion,
have a good resistance to pressure because the fiber grains of the
extruded shaft will take the same direction of the length of the shaft
and it will be elongated and cold deformation and also the fiber grain
are not broken therefore the mechanical properties will be higher
several times. For these reasons, the hydrostatic extrusion is used in
manufacturing of marine, body of aircraft and sky-ships.

Paun a8l (o LS 4n (el S (So s (g g g 1ol

Aiga JLad graa Gladl S S o BG4 (ad K13 (s a0 O 5l yiigeda g 4S Al i 1aVogg
Ated 55 Caiaed 5133 0.9 (Red o 5 ASATIAG (5 53 ) (sl HU e dSo ) i Kl aibass  SISauiliy ) 4 3o
DA Dl iy ASASIS 0 Agaiaianl 4 o OISSLSALE 5 Al 3000 Lo 5 b 053l (538
il JalSaly jen i (A0 S gy Al i yiimed Sy LS 4y (il Ko cadl IS adi il o stied
uilenls JS4S 5485 2
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Question: What are the difference between the direct extrusion and hydrostatic

extrusion? Make a table for your answer.

Answer:

Direct extrusion

Hydrostatic Extrusion

1. It is hot deformation.

2. Mechanical properties of the
product are weak.

3. Amount of force on the piston is
small.

4. The thickness of the cylinder is
normal.

5. It is used to make door and
window frame.

1. It is cold deformation.

2. Mechanical properties of the
product are strong.

3. Amount of the force on the Ram is
very large.

4. The cylinder is very thick.

5. It is used to in manufacturing of
body of aircraft, marine and sky-
ships.

52450 o ) SAREA € LS 4y ad S 5 38 sl ) Gl S O sl A s ) shs 1ol
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Back ward extrusion (il ses ) i Sl
Question :Indicate only in two lines the advantages of back ward extrusion.

Answer : It is possible to enlarge the thickness of the bottom of tubes for
protection from corrosion.
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Impact extrusion oSy s K
Question: Indicate only in two lines the advantages of impact extrusion.

Answer: It is possible to be a thin layer at the head of the tube for protecting the
inner material inside the tube.
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Continuous extrusion ) se3 s sl Sl

Question: what you know about the manufacturing process used in production of
plastic pipes of water?

Answer: continuous extrusion: there is a spiral ram rotating and pushing the
extruded metal to the die on the head of the ram, there is a die for the inner
diameter of the pipe. It is used for coating the electrical wires by a plastic and for
production of plastic pipes of water.
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Drawing process LSl (S )
Question :what is meant with the deep drawing ?

Answer: In the deep drawing, there is several drawing dies arranged according to
their diameter. It is used in Plastic forming of plates to have a deepness greater
than the diameter by several times. It is used for production of thick container for
gases and liquids, particularly when there is a high pressure as in petroleum and
chemical factories. In a simple application, It is used to produce of jug of water.
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Shear spinning b Ky o o Ay o Al 30

Question: What is the main advantage of spinning of metallic plates? (only in 1 or
2 lines).

Answer: It is used to make TV dishes which have symmetrical shape about the axis
of rotation for connecting the waves correctly at the center.
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Stretch forming o545 53 3 Slia eliy
Question: Indicate two important qualities for stretch forming?
Answer:

1. It is plastic forming for thick plate of the steel which used in construction of
body of aircraft.
2. There is a strong mold according to the shape of the piece needed.
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Explosive welding (e 4 il
Question: What are the advantages of the explosive welding?

Question: indicate the most important qualities of explosive welding.
Question: Draw a detail sketch for the explosive welding of the pipes.
Answer: The advantages of explosive welding are these as in the following:

1. The weld joint is very strong and it is not easy to be fracture.
2. Two dissimilar materials can be welded together.
3. The welding joint is not by a line but an area is welded to another area.
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Electro discharge machining o5t S Jias e H\S 5438k
Question: What do you know about electro discharge machining?

Question: What are the advantages of the spark erosion?
Answer: There are some advantages for spark erosion:

1. A pattern can be used and it can made of soft material like wax or wood or
clay or it can be any body.

2. The hardness of the material is not problem because the metal is cut by
spark.

3. The temperature of the piece does not rise because the spark is done in an
electronide.

4. The surface finish is not problem because the same surface condition is
copied to the piece.
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Electro forming  (=le S Sl el
Question: Indicate only in two lines the advantages of electro forming.

Answer: It is used in production of smooth molds to be used in production of pen
parts and in production of lens and in production of glasses and plastic material
also in production of artificial bones and teeth.
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Question: Indicate a principal product obtained from the following manufacturing

process.
Processes product
1. Rolling forming. 1. Wire drawing, thick plates and beams.
2. Direct extrusion. 2. Production of pipe.
3. Metal spinning. 3. TV dishes.
4. Stretch forming. 4. Body of airplane.
5. Spark erosion. 5. Pantograph machine.
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Question: Indicate only the manufacturing process applied in production of the

following products.

product

Manufacturing process

1. The steel sections used in construction.
2. Metallic molds with high surface finish.
3. Print circuits and integrated circuits.

4. Tubes for dental or shaving creams.

5. The rapid of metallic molds.

1. Rolling process.
2. Electro forming.
3. Chemical machining.
4. Impact extrusion.
5. Spark erosion.
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Powder metallurgy (PM) o5l o)kl HS
Question: Draw a detail sketch for the sintering treatment in powder metallurgy.
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Question: Indicate the distinctive quality of products of the powder metallurgy.
Question: What are the advantages of the powder metallurgy?

Answer:

1. Self lubricated piece can not be manufactured by any process except powder

metallurgy.

2. Several parts of powders can be mixed together.

3. The metallic filters can be manufactured by powder metallurgy for petroleum
companies, particularly when the pressure and temperature are high.

4. The powder metallurgy (PM) can be used in production of carbide cutting

tool.
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