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 (2) كتاب عمليات تصنيع

  يفــتأل

 أسامة محمد المرضي سليمان

 استاذ مساعد ، كلية الهندسة ، جامعة وادي النيل

 

 م3991 الطبعة الأولى يناير

 م2132 الطبعة الثانية المنقحَّة يناير
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محمد علي المهندس أسامة محمود



أسامة محمد المزضي سليمان                                    (      2كتاب عمليات تصنيع )  

 

ii 

 

i.e.



أسامة محمد المزضي سليمان                                    (      2كتاب عمليات تصنيع )  

 

iii 
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Osama Mohammed Elmardi Suleiman  
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i 

ii

iv
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1.16
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1.114
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1.114

1.111

1.611

1.211

1.211

1.112

1.112

1.113

1.114

1.114

1.612
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Properties of Engineering Materials

1.1(Introduction)

     complexity of extraction  2/ higher  cost of technology used ) 

unmanned drones

1.1(Importance of Metals in Industry)

i.e.corner stone

ferrous and non- ferrous metals 
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1.1

Physical and Mechanical Properties of Metals) 

Physical Properties

0 Density{   
 

 
} 

6 (Thermal and Electrical Conductivity)  

 

3 Specific Heat Capacity 

 

        Q    

  



أسامة محمد المزضي سليمان                                    (      2كتاب عمليات تصنيع )  

 

  

 

4 Light Reflection 

 

5 X-Ray Penetration 

6 Magnetizability 

 

7 Fluidity 

 

8 Local Fusibility 

 

Mechanical Properties
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0 Ductility 

tension

compressionbendingtorsiondrawing

wire and tube drawing 

6 Malleability 

compression

i.e.(forging)

rolling 

3 Toughness or Strength 

 

4 Divisibility 

 

5 Hardness 

 

(Hardness: is the ability of a material to withstand scratching or identation) 

1.1i.e.



 

  

 

(Metal forming and machining)                                   

Internal conversion(External conversion

Metal extraction 

Petroleum refining 

Heat treatment 

Fluidity Fusibility Plasticity Divisibility 

 

 

 

Ductility and plasticity Chip removal 

 

sand casting 

Gravity and pressure 

die casting 

Centrifugal casting 

Gas welding 

Electric arc welding 

spot  welding 

brazing  welding 

soldering   welding 

forging  

rolling  

extrusion  

drawing  

pressing  

fitting  

machining  

milling  

planing  

drilling  

grinding  

0.0 
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0.4(Engineering Materials Testing)

tensioncompression

torsionimpacthardness

1.4.1(Tension Test )

i  

ii  

iii  

F

1.1

 :ىوك( معاٌر ٌ)  نلإجهاداخ انمثاشرج انمرووح معاٌر .1

 (Modulus of Elasticity or Young Modulus)

i.e.
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الاجهاد

الانفعال
 

 

 
        E =i.e. 

stress

     
  

 
 

 
         

straini.e.

    
  

 
 

  

 
        

 :( Yield Stressنخضىع  )اجهاد ا .6

      
   

  
 

  
 

         

 : (Ultimate Stressالاجهاد الألصى  ) .3

      
 

  
 

  
 

         

 : (Resilience)  أو انرجىعٍح معامم انمرووح .4
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
2

1


 

 

0.6

5
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 ( : Impact Testاخرثار مماومح انصذماخ  ) 0.4.6

recess

1.1

Hh

w

 k

2/
)(

cmkg
A

hHw
k




A

Brittleness

0.1 – 0.2 kg/cm
 

112 

kg/cm
 

0.3Charpy impact test
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1111

 ( :Hardness Testاخرثار انصلادج ) 0.4.3

 ( :Brinell Hardness Testٍم )ىٌاخرثار صلادج تر .0

  

      √        
  Brinell hardness number)

 kg

 mm

 mm

  ( :Rockwell Hardness Test اخرثار صلادج روكىٌم ) .6

114

114   kg 10 kg RHA 

2.5mm100 kg 10 kg RHB 

114150 kg 10 kg RHC 

  ( :Vickers Hardness Test)  زفٍكراخرثار  صلادج   0.4.4
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116

    kg     kg

       
     

 
 

11

 : (Metals Preparation Methods)طرق ذذضٍر وذجهٍس انمعادن  0.5

 :نذذٌذ انصهة ذذضٍر ا 0.5.0

ferrous metals 

(steel

(cast-iron)1

61

 ( :Iron Ore) خاو انذذٌذ  0.5.6

1.1

mining 

industries metallurgical processes

hematitemagnetite
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1.5.1

i.e.

I. َّانمىاد وصف انمصى(  عحSemi-Finished Products) : 

 : (Raw Metal)انمعذن انخاو  .0

 : (Molten Metal)معذن مىصهر  .أ

 ( :Pigsخ انمعذن انخاو )ذماسٍ .ب
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 : (Prepared Metal)س جهَّمعذن مُ. 6

( Cupola furnace)

 : (Castings)انمسثىكاخ  .3

 : (Forming Lugsكرم انرشكٍم  ) .4

plastic forming

hammering100 kg

 ( :Semi-Rolled Lugs) أو مذرفهح كرم انرشكٍم انىصف مذنفىح .5

 initial rolling

6

 (:Square Blockكرهح مرتعح ) .7

160 cm
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 : (Rods )انمضثان  .8

(rolling)extrusion(drawing)

 : (Forgings)انمطرولاخ   .9

 ( :Structural Sectionsانمطاعاخ الاوشائٍح  ) .01

TI(angleL(channel)∪

 ( :Wireانسهك ) .00

drawing i.e. 

2mm

 ( :Sheet Metalsالأنىاح  ) .06

2mm

bolts

(springs)

press work

metal cutting

i.e.
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II . ( انمىرجاخ انىهائٍحFinished Products: ) 

 ( :Plastic Forming of Metalsانرشكٍم انهذن نهمعادن  ) 0.5.4

 : (Metal Rollingانمعادن  )أو درفهح دنفىح . 0

beams

anglesi.e.

 ( :Rolling Machinesانذنفىح او انذرفهح ) ماكٍىاخ. 6

1.1

gear box

alloy steel
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0.4

 ( :Calculation of Angle of Contactدساب زاوٌح انرلامس ). 3

1.1

∝angle of contact















 









 





d

tt

d

tt

211

21

1cos

1cos





d

t 

t 
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0.5

 

0.6

4
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N

FNF

  ̅

 ̅   

 ̅    

N

F

S

Q

S= N cos∝ + F sin∝                          

Q = F cos∝                        )

1P = N sin∝

QP

)4(
22









PQ

PQ

P , Q11 

)5(sincos  NF 

F
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)6(NF 

𝛍

μ∅

)7(tan 

162

)8(tantan

sincostan

sincos

sincos

















NN

NN

NF

∝∅

angle of friction

angle of contact1121411

14

 : (Types of Rolling Machinesاوىاع ما كٍىاخ انذنفىح  ). 5

 : (Primary Reduction Millsماكٍىاخ انخصر الأونً ) . 

 : (Structural Sections Millsالاوشائٍح )ماكٍىاخ دنفىح انمماطع  . 

beams

rodsangles
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  : (Finishing Millsانىهائٍح )ماكٍىاخ انذنفىح  . 

sheets.

i. (  ماكٍىاخ دنفىح ثىائٍحTwo High Rolls:) 

ii. عاكسح ماكٍىاخ دنفىح ثىائٍح (Reversing Rolls:) 

1.2

 

0.7

iii. (  ماكٍىاخ دنفىح ثلاثٍحThree High Rolls: ) 

1.2
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0.8

iv(Four High Rolls)

) ( forming rolls

(supporting rolls)

1.3

0.9
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v. ( ماكٍىاخ انذنفىح مرعذدج انذلافٍهMulti High Rolls) : 

10mm

30mm

vi. (  ماكٍىاخ انذنفىح انشامهحUniversal Rolling Mills) : 

1000mm

   : (Cold Rolling Processesعمهٍاخ انذنفىح عهى انثارد  ). 6

1  

1  

1  

(internal stresses)

i.e.
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 : (Hot Rolling Processes)عمهٍاخ انذنفىح عهى انساخه  . 7
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Chip Generation

6.0(Introduction)

elastic deformationpermanent plastic deformation

i.e.

1.1(mild steel)

i A(Limit of Proportionality)

Hook's law

ii BElastic Limit

iii Ci.e.Yield 

Point

 

iv D

Maximum or Ultimate Stress Point 
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v EFracture Point

 

6.0

slip planes

 : (Types of Chips)أوىاع انرائش   6.6

 ( :Discontinuous Clipsانرائش غٍر انمرصم )  6.6.0
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 ( :Continuous Chipsم  )انرائش انمرصِّ 6.6.6

60m/min

1  

1  

1  

1  

1  

i  

ii  

iii  

6  

 (Inhomogeneous Chips or Heterogeneous Chips)   :انرائش غٍر انمرجاوس  6.6.3

∅

1  

1  



أسامة محمد المزضي سليمان                                    (      2كتاب عمليات تصنيع )  

   

 

 : (Fractured Chips)د( انرائش انمركسر )انمفرَّ  6.6.4

cracks

1.1

Martensitic Structure

   

Tool face
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1.4

 : (Press Workثاخ )مذشكٍم تالاسطعمهٍاخ  6.4.0

punch and die

Piercing

Blanking

Bending

Deep Drawing

1

i.e.
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1.11.1

1.1

 

6.66.3

6.4
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1

i

ii

1.1

iii
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6.5



أسامة محمد المزضي سليمان                                    (      2كتاب عمليات تصنيع )  

   

 

Modern Machining Methods

3.0(Introduction)

 : (Electrical Discharge Machiningانرشغٍم تانرفرٌغ انكهرتائً  ) 3.6

i.e.

1.1.1

1  

1  

1  

1.1.1 
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i.e.

0.025mm0.075mm

1.1

(DC)CVc

Vs.

Vg

i.e.

   μ    ,000C
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3.0

 : (Ultrasonic Machiningانرشغٍم تانمىجاخ فىق انصىذٍح  ) 3.3

i.e.

    m/s1.1
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3.3.0

1  

1  

1  

3.3.6

1  

1  

1  

1  

1  

6  

3.3.3

1  

1  

1  
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1  

3.6

 ( :Chemical Machiningانرشغٍم انكٍمٍائً )  3.4

i.e.

1.4.1

1  

1  
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0

i  

ii 

 

iii  

iv  

v  

vi  

1.1 

1

150mm

i

   

  

1mm1
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ii

  

1.5m

iii

    -        

3.3
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Materials Testing and Experimental Methods 

 ( :Tensile Testsاخرثاراخ انشذ ) 4.0

ductile materialmild steel

i.e.

i.e.

i.e.

 : (The Working Portion of the Specimenجسء انرشغٍم نهعٍىح  ) 4.0.0

wedge

i.e.    d    
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 ( :Testing Machinesماكٍىاخ الاخرثار  )  4.6

in the elastic range(extensometer)

(strain gauge)

(pair of dividers and graduated rule) 

 ( :Effect of Rate  of Loadingذؤثٍر معذل انرذمٍم  )  4.3

hardened steel

4.4

(variation of elongation with gauge length and cross – sectional area )

1.1
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4.0

el

e = a + bl

= 100e/l = 100a/l + 100b

Unwina

AC √A100a100b=B

B
l

AC

l

e
100

B  CB=    C =  

B. S. 18

 Al 4

 (:Overstrain and Repeated Loading) :انرذمٍم انركراري وال انسائذ عالاوف  4.5
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i.e.)

Hook's law

1.1

4.6
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 : (Proof Stressإجهاد انصمىد )  4.6

1.1

4.3

OTPQOTQ

OP       Q    

    OT

 : (Compression Testsاخرثاراخ الاوضغاط )  4.7

BucklingLength=minimum 

breadth
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1 

 

1       

4.4

11

𝛉    ∅  

∅

∅

𝛉   

𝛉   

𝛉   

𝛉    ∅  
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AP

σ𝛉∅

σ = P /A

BB = A/ cos θ

PN

(Q) 
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



 22 cos.cos

cos/

cos


A

P

A

p

B

N
N
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


tancos
tancos 2

2


A

P

θσr

P

(*)tancoscossin 2   fQr 

σr

𝛉

   

  
   

 

  



 
 

#2/45

902

902

)902tan()290tan(tan

2cot
2sin

2cos

cossin2

sincos
tan

tancossin2sincos

0tancossin2cossin

0)sincos2tan

)cos()cos(cossinsin

22

22

22

2






























































d

d

zero
d

d

r

r
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Corrosion

 : (Definition of corrosion)ذعــرٌف انرآكــم  5.0

 

 :  (Economical limitations of corrosion)انمذــذداخ الالرصــادٌح نهرآكــم  5.6

1

 (Maximization of Design Materialsفرط التصميم4 ) .1

1

1 . (Shut – down maintenance)

1

6deficiency

2

2
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3

 : (Social limitations of corrosion)انمذــذداخ الاجرماعــٍح نهرآكــم  5.3

1

1

i.e.

1
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 :  صـــىر انرآكـــم 5.4

1

1

1

 : (Types of corrosion)أوـــىاع انرآكـــم  5.5

0Homogeneous and Galvanic corrosion
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 i.e.
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1

6Erosion corrosion
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5
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3.Crevice corrosion

i

ii

iii

iv

(Stainless steel)

(Titanium)
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4Pitting corrosion

.
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5Exfoliation and selective leaching corrosion
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6Inter – granular corrosion
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 Stress corrosion cracking 

5.6(Problems in Manufacturing Processes)  
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