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 تقنُح اجزاء انًكائن :اصى انًقزر

 خٛلظى انزمُٛبد انًٛكبَٛك :انقضى

 انًؼٓذ انزمُٙ انذٔر :انكهُح

 انثبَٙ / انًضتىيانًزحهح 

 الأل :انفصم انذراصٍ

 0 ػًهٙ 2 َظز٘ :ػذد انضاػاخ الاصثىػُح

 2 ػذد انىحذاخ انذراصُح:

 MTP205 انزيز:

  كهًٓب  ػًهٙ * َظز٘ نىع انًادج

 لا ٕٚخذ فٍ الاقضاو الاخزي  نهًقزر هم َتىفز نظُز

 - اصى انًقزر اننظُز 

 - انقضى

 - اننظُزريز انًقزر 

 يؼهىياخ ػايح
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 انًادجيؼهىياخ تذرَضٍ 

 َٕر ػجذانهطٛف ػشد :( انًقزرٍ)يذرصاصى يذرس 

 يذرس يضاػذ انهقة انؼهًٍ:

 2022 صنح انحصىل ػهً انهقة

 ياجضتُز انشهادج :

 2020 صنح انحصىل ػهً انشهادج

 صنىاخ 3 صنىاخ انخثزج ) تذرَش(ػذد 
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  نهًقزر انؼاو انىصف

ركز على تطوير تو الاجزاء الميكانيكية وتحليلهامقرر رئيسي لفهم المكائن  قنية اجزاءت
إلى  وتهدفوتصميم الأجهزة والأنظمة الميكانيكية التي تستخدم في مختلف الصناعات. 

إنشاء حلول هندسية تلبي الاحتياجات الفنية والوظيفية بأقل تكلفة ممكنة وبأعلى كفاءة 

 .ممكنة

  انؼايح الاهذاف

 

  ٚزؼهى انطلاة كٛفٛخ رحهٛم انًكَٕبد انًٛكبَٛكٛخ انًخزهفخ ثبطزخذاو يجبدئ انفٛشٚبء

   .ٔانزٚبضٛبد، يثم رحًٛلاد انمٕٖ ٔانضغٕط ٔانؼشو

   ٍٛٚزؼهى انطلاة كٛفٛخ اخزٛبر انًٕاد انًُبطجخ نكم رطجٛك، يغ رٕفٛز انزٕاسٌ انًثهٗ ث

  .انًٕثٕلٛخ ٔانزكهفخ ٔالأداء

 صًٛى اٜلاد ٔالأخشاء ثبطزخذاو ثزايح انكًجٕٛرز ٔأدٔاد انًُذخخ ٚزذرة انطلاة ػهٗ ر

 .انُٓذطٛخ، يغ انززكٛش ػهٗ رحمٛك الأداء انًطهٕة ٔانكفبءح

 ة انطلاة ػهٗ انزؼبيم يغ انزحهٛلاد الإخٓبدٚخ نضًبٌ يزبَخ ٔاطزذايخ انزصبيٛى، ٚزذر

  .ثبلإضبفخ إنٗ رحظٍٛ رصًًٛبرٓى انٓٛكهٛخ

 نزفكٛز الإثذاػٙ ٔالاثزكبر فٙ رصًٛى انًكبئٍ، ٔرحظٍٛ الأداء ٔانًٕثٕلٛخ ٚزؼهى انطلاة كٛفٛخ ا

 .ٔرمهٛم انزكبنٛف

 

 انخاصح الأهذاف
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 ٍٛٔانمذرح ٔانًزبَخ ٔانذلخ انكفبءح سٚبدح يثم انزصًٛى، يزطهجبد يغ ٚزُبطت ثًب الأخشاء أداء رحظ 

 .الأحًبل رحًم ػهٗ

 لتقليل التصميمات وتحسين المناسبة المواد اختيار خلال من والصيانة، للإنتاج أقل تكاليف تحقيق 

 .التصنيع عمليات وتحسين النفايات

 توقفات ودون بكفاءة المكائن عمل استمرارية يضمن مما العالية، بالموثوقية تتميز تصاميم تطوير 

 .لها مخطط غير

 ممكنة كفاءة وبأعلى ممكنة تكلفة بأقل والوظيفية الفنية الاحتياجات تلبي فعاّلة تصاميم تطوير. 

  .أيثهخ الأْذاف انزؼهًٛٛخ
 .إكظبة انًزؼهى يٓبراد انحظبثبد انزصًًٛٛخ

رشدٛغ انطلاة ػهٗ اطزخذاو انزفكٛز الإثذاػٙ نزطٕٚز حهٕل رصًًٛٛخ يجزكزح رهجٙ الاحزٛبخبد انًحذدح 

 .نهزطجٛك

ػهٗ أداء انًكبئٍ، ٔرحظٍٛ ؼهى انطلاة كٛفٛخ رمٛٛى رأثٛز الأحًبل انًٛكبَٛكٛخ ٔانظزٔف انجٛئٛخ ر

 .انزصبيٛى ثُبءً ػهٗ ْذِ الاطزدبثبد

رذرٚت انطلاة ػهٗ لزاءح ٔرحهٛم ٔرمٛٛى انزصبيٛى انًٛكبَٛكٛخ ثُبءً ػهٗ انًؼبٚٛز انُٓذطٛخ 

 .ٔانًٕاصفبد انًحذدح

 

 الأهذاف انضهىكُح او نىاتج انتؼهى

  الهندسية والمواصفات المحددةان يتعلم الطالب التصاميم الميكانيكية وفق المعايير. 

 .ان يتعلم الطالب استخدام الادوات والبرمجيات الهندسية المختلفة لتصميم وتحليل المكائن 

  ٗاٌ ًٚٛش انطبنت انًٕاد انُٓذطٛخ انًخزهفخ ٔانزٙ رهجٙ الاحزٛبخبد انفؼهٛخ ثبلم ركهفخ ٔثأػه

 ممكنة. كفبءح

 أيثهح أهذاف تذرَضُح: 

 : طٛكٌٕ انطبنت لبدرا ػهٗ اٌ انًحبضزحثؼذ الاَزٓبء يٍ 
 التصاميم وتحسين المكائن، أداء على البيئية والظروف الميكانيكية الأحمال تأثير تقييم كيفية 
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 .الاستجابات هذه على بناء  

 المحددة والمواصفات الهندسية المعايير على بناء   الميكانيكية التصاميم وتقييم وتحليل قراءة. 

 النمذجة مثل المكائن، وتحليل لتصميم المختلفة الهندسية والبرمجيات الأدوات استخدام 

 . CAD/CAM وبرامج بالحاسوب الهندسية

 انضاتقح انًتطهثاخ

 أ٘ يٕاد دراطٛخ طبثمخ أ يٓبراد يؼُٛخ ٗلا ٚحزبج انطبنت ان. 

 

 الأْذاف انظهٕكٛخ أ يخزخبد انزؼهٛى الأطبطٛخ 

 آنٛخ انزمٛٛى انزؼهٛىرفصٛم انٓذف انظهٕكٙ أ يخزج  د

 فٓى الأطبطٛبد انًٛكبَٛكٛخ .  1

 . انًحاضزاخ 

 . انىاجثاخ انفزدَح وانًشاركح 

 .الاختثاراخ 

 

 رصًٛى اٜلاد ٔانًكبئٍ  2

 . انًحاضزاخ 

 . انىاجثاخ انفزدَح وانًشاركح 

 الاختثاراخ. 
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 اطزخذاو انجزيدٛبد انُٓذطٛخ  3

 . انًحاضزاخ 

  انىاجثاخ انفزدَح وانًشاركح. 

 الاختثاراخ. 

 انزحهٛم ٔانزمٛٛى 4
 الاختثاراخ 

  وانجًاػُح انفزدَح انًشارَغ. 

 

 

 

 

 )حذد يجًىػح يتنىػح ين أصانُة انتذرَش نتناصة احتُاجاخ انطلاب ويحتىي انًقزر(أصانُة انتذرَش 

 يثزراخ الاختُار الاصهىب او انطزَقح
 رؼهٛى انطبنت كٛفٛخ انزحهٛم ٔانزؼبيم يغ انًظبئم ٓذف إنٗر انًحاضزاخ اننظزَح وانؼًهُح .1

ٚٓذف إنٗ رٕنٛذ أفكبر خذٚذح ٔحهٕل يجزكزح نهًشبكم  اطهٕة انؼصف انذهنٍ .2

  أٔ انزحذٚبد انًطزٔحخ

ٓذف إنٗ رمٛٛى ٔرحهٛم الأفكبر ٔانًؼهٕيبد ثشكم يُطمٙ ر انتفكُز انناقذ .3

 ٔيُظى

ثبٜراء أٔ انفكز انذ٘ ٚزى  نهزأثٛز ػهٗ اٜخزٍٚ ٔإلُبػٓى انتىاصم انهغىٌ .4

 رجبدنّ، يًب ٚظبْى فٙ ثُبء انمُبػبد ٔالارفبلبد.

 

رٓذف كلاًْب إنٗ رجبدل اٜراء ٔالأفكبر ثٍٛ الأفزاد ٔيُبلشخ  انًناقشح وانحىار .5

 انًٕاضٛغ انًخزهفخ
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 يٍ انًحزٕٖ انؼهًٙ انفصم الأل

  انٕلذ ػُٕاٌ انفصم

 طزق انمٛبص انزمُٛبد طزٚمخ انزذرٚض انؼُٕاٌ انفزػٙ نزئٛظٙانؼُٕاٌ ا انؼًهٙ انُظز٘ انزٕسٚغ انشيُٙ

 الأطجٕع الأٔل
2  

Review of Strength of Materials يحبضزح 
ػزض رمذًٚٙ، شزذ، أطئهخ 

 ٔأخٕثخ

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ يظزٕٖ 

 انطهجخ

 

Riveted Joints 

Types of 

Riveted Joints 
 يحبضزح

شزذ، أطئهخ  ػزض رمذًٚٙ،

 ٔأخٕثخ

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ يظزٕٖ 

 انطهجخ

 الأطجٕع انثبَٙ

 ٔانثبنث

 

2  

Design of 

Riveted Joints 
 يحبضزح

ػزض رمذًٚٙ، شزذ، أطئهخ 

 ٔأخٕثخ

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ يظزٕٖ 

 انطهجخ

Efficiency of 

Riveted Joints 
 يحبضزح

رمذًٚٙ، شزذ، أطئهخ ػزض 

 ٔأخٕثخ

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ يظزٕٖ 

 انطهجخ
 

:ختثار نهاَح انفصما  

Q1: Find the efficiency of double riveted lap joint 6 mm plate thickness with   2 cm rivet diameter having a pitch of 6.5 cm assuming the permissible tensile 

stress in plate is  1200 kg /cm
2

, shear stress is 900 kg /cm
2

 and crushing stress is 1800 kg /cm
2 
  

Q2: Calculate the strain in a steel rod of square cross-section of side 2 cm when a force of      9800 N is applied and the young's modulus of elasticity is 20.27 × 

10
9
  N/ m

2
. 

 



 

 

 

 

 انفصم انثبَٙ

  انٕلذ ػُٕاٌ انفصم

 طزق انمٛبص انزمُٛبد طزٚمخ انزذرٚض انؼُٕاٌ انفزػٙ زئٛظٙانؼُٕاٌ ان انؼًهٙ انُظز٘ انزٕسٚغ انشيُٙ

انزاثغ ٔ الأطجٕع 

 انخبيض
2  Screwed Joints 

Design of 

Bolts for 

Fastening 

 ػزض رمذًٚٙ، شزذ، أطئهخ ٔأخٕثخ يحبضزح

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ 

يظزٕٖ 

 انطهجخ

 Screwed Joints  2 انظبدصالأطجٕع 

Design of 

Bolts for 

Power 

Transition 

 ػزض رمذًٚٙ، شزذ، أطئهخ ٔأخٕثخ يحبضزح

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ 

يظزٕٖ 

 انطهجخ
 

  

:اختثار نهاَح انفصم  

Q1: A cylinder head of steam engine is held by 14 bolts , the effective diameter of the cylinder is 35 cm and the steam pressure is 8.5 kg/cm
2
 . assuming the 

tensile stress is not exceed 200 kg/cm
2
 . Find the size of the bolt. 

Q2: Two shafts connected together  by a coupling of   8 bolts ,these bolts putted on a spherical curvature of 10 cm radius . the torque transmitted by the coupling 

20000 N.cm , find the size of each bolt assuming that the shear stress 2000 N/cm
2
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 انفصم انثبنث

  انٕلذ ػُٕاٌ انفصم

 طزق انمٛبص انزمُٛبد طزٚمخ انزذرٚض انؼُٕاٌ انفزػٙ زئٛظٙانؼُٕاٌ ان ػًهٙ َظز٘ انزٕسٚغ انشيُٙ

 Welded Joints  2 انظبثغ الأطجٕع

Types of 

welding 

Joints 

 أطئهخ ٔأخٕثخػزض رمذًٚٙ، شزذ،  يحبضزح

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ 

يظزٕٖ 

 انطهجخ

 انثبيٍ الأطجٕع

 ٔانزبطغ
2  Welded Joints 

Design of 

welding 

Joints 

 ػزض رمذًٚٙ، شزذ، أطئهخ ٔأخٕثخ يحبضزح

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ 

 يظزٕٖ

 انطهجخ

 انؼبشز الأطجٕع

 ٔانحبد٘ ػشز
2  Keyed Joints 

Types of Key ػزض رمذًٚٙ، شزذ، أطئهخ ٔأخٕثخ يحبضزح 

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ 

يظزٕٖ 

 انطهجخ

Design of 

Sunk Key 
 ػزض رمذًٚٙ، شزذ، أطئهخ ٔأخٕثخ يحبضزح

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ 

يظزٕٖ 

 انطهجخ
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  اختثار نهاَح انفصم:

Q1: A plate 100 mm wide and 12.5 mm thick is to be welded to another plate by means of parallel fillet welds. The plates are subjected to a load of 50 KN. 

Find the length of weld so that the maximum stress does not exceed 56 MPs. Consider the joint first under static loading and then under fatigue loading. 

Q2: A sunk key of 14 mm width . 20 mm thick and 50 mm length ,is required to transmit torque of 14000 kg.cm from a solid shaft of 4 cm diameter .Calculate 

if  the length of key is enough or not, when the design stresses of  the key are for shear 560 kg/cm
2

, and crushing stress  1680 kg/cm
2

. Also calculate the 

enough length when the original length of the key cannot sustain the above stress. 

 

 

 

 انزاثغ )يٍ انًحزٕٖ انؼهًٙ(انفصم 

  انٕلذ ػُٕاٌ انفصم

 طزق انمٛبص انزمُٛبد طزٚمخ انزذرٚض انؼُبٍٔٚ انفزػٛخ انزئٛظٛخ انؼُبٍٔٚ ػًهٙ َظز٘ انزٕسٚغ انشيُٙ

ثبَٙ انالأطجٕع 

 ػشز
2  

Frictional 

Clutches 

Type of 

Frictional 

Clutches 

 ٔأخٕثخمذًٚٙ، شزذ، أطئهخ ػزض ر يحبضزح

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ 

يظزٕٖ 

 انطهجخ

 ثبنثان الأطجٕع

 ٔانزاثغ ػشزػشز
2  

Frictional 

Clutches 

Design of 

Frictional 

Clutches 

 مذًٚٙ، شزذ، أطئهخ ٔأخٕثخػزض ر يحبضزح

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ 

يظزٕٖ 

 انطهجخ
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خبيض ان الأطجٕع

 ػشز
2  Types of Springs 

Design of 

Springs 
 مذًٚٙ، شزذ، أطئهخ ٔأخٕثخػزض ر يحبضزح

ػزض الايثهخ 

ٔانًُبلشخ 

ٔيلاحظخ 

يظزٕٖ 

 انطهجخ
 

 اختثار نهاَح انفصم:

Q1: A helical spring is made from a wire of 6 mm diameter and has a diameter of 70 mm; if the permissible shear stress is 350 MPa and modulus of rigidity 84 

KN/mm
2

 .find the axial load which spring can carry and the deflection per active turn. 

Q2: A single plate clutch, effective on both sides, is required to transmit 25 kW at 3000 r.p.m. Determine the outer and inner diameters of frictional surface if 

the coefficient of friction is 0.255, ratio of diameters is 1.25 and the maximum pressure is not to exceed 0.1 N/mm2. Also, determine the axial thrust to be 

provided by springs. Assume the theory of uniform wear. 
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5 

strength of material 

1.stress :                                                                                          

        

The internal  forces per unit area at any section of the body is known 

as stress.                                                                                 

 A

F
S                                                              (1)                                                      

             

Where : 

S – stress              N/m
2

      or     Kg/cm
2

                       

F – Force                          N     or     Kg                                  

A – Area                        m
2

    or     cm
2

                         

Main types of stress  

Tensile stress 1. 
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 Compression stress 2. 

 

                         
                                                                                        

 

Strain: the deformation per unit length                                                                            

l


               

     where   δ – change in length                                                                                

ε - strain                                                                                                    

Modulus of elasticity (E): 

Hooks low states that when a material is loaded within elastic limit , the stress 

is    proportional to strain         

  S     ε                                          

  S =   E  ×   ε 

Where   E   is young modulus of elasticity (constant)                                              

    




S
E      





A

LF
                                                                N/m

2
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Shear stress   3.     

 

  
s

s

A

F
                                                                                                                    

The shear stress is directly proportional to shear strain    

                                                                                                    

where                                                                                                            

Ф – shear strain   

- shear stress          

  G      

G – modulus of rigidity  

( N )           
G


          

    4.   Torsional shear stress   

  
J

T
  = 

r

s
  

    For solid shafts                                           
4

32
dJ 


 

    )(
32

44 dDJ 


                  for hollow shafts 
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                          For solid shafts                                                3

16

d

T
s


 

  

    
)(

16
44 dD

DT
s







  
                         for hollow shaft    

    

                      τ s - max. shear stress 

 T–torque  or twisting moment      

   r- Radius of the shaft 

  d- Diameter of the shaft    

 D-  outer diameter of shaft     

J- polar moment of inertia                           

                                                                

                                           

Stress –Strain graph 
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Elastic zone: In this zone whenever the effected load lifted, the body recover to 

its original shape 

Elasticity : it is the property of a material to regain its original shape after 

deformation when the external forces are removed 

Plastic zone : in this zone whenever the effected load lifted, the body cannot  

recover to its original shape 

Plasticity : it is the property of a material which retains the deformation 

produced under load  permenantly.. 

 

Yield point : it is about the point which split the elastic and plastic zone. 

 

Max. stress : Maximum stress which can the material sustain        

Break stress : the stress which the failure of the material happen , always the 

maximum stress and the failure stress is the same. 

Working stress : when designing machine parts its desirable to keep the 

stresses lower than the maximum stress at which failure of material takes  

place . this stress is known as working stress or design stress 

Factor of safety : 

It is defined as the ratio of the maximum stress to the working stress 

 

 

S.F  =
 stressworking

stressmax
 =

w

u

S

S
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Riveted joints 

A rivet is a short cylindrical bar with a head integral to it. The cylindrical portion 

of the rivet is called shank or body and lower portion of shank is known as tail.  

The rivets are used to make permanent fastening between the plates such as in 

structural work, ship building, bridges, tanks and boiler shells. The rivet joints 

are widely used for  joining light metals. 

 

  Method of riveting 

1-drill the plate that would be riveted , the diameter of hole is usually diameter 

of rivet 

2-the red hot rivet is introduced into the plates and the second head is then 

formed, this may be done by hand or by a riveting machine. 
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Types of riveted heads 
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Types of riveted joints 

1- Lap joint 

A lap joint is that in which are plate overlaps the other and the two plates are 

then riveted together 

 

 

 

2-Butt joint 

A butt joint is that in which the main plates are kept in alignment 

butting(touching) each other on one  side or on both sides of the main plates.    
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Technical terms 

1- Pitch(p): it is the distance from the center of one rivet to the center of the 

next, measured parallel to the center. 

2- Bach pitch(Pb):it is the perpendicular distance between the center lines of 

the       successive rows. 

3- Diagonal pitch(Pd):it is the distance between the center of rivet in adjacent 

rows of         zig - zag riveted joints. 

4- Margin(M):it is the distance between the center of rivet hole and the 

nearest edge of the plate. 
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Failures of riveted joints 

 

 

1-Tearing of the plate at the edge: 

This can be avoided by keeping the margin A (m = 1.5 d) 

2-Tearing of the plate across a row of rivets: 

 tttt

t

StdPSAF

tdPA





)(

)(

 

 t - thickness of the plate 

d  -  diameter of hole 

St - Tensile stress for the plate material 
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3- Shearing of the rivets: 

 

 

 

𝜏 =   
                

              
 

2
2

2

4

4

4

d

F

d

F

A

F

dA














 

 

 𝜏   - shear stress on the rivet cross section 

d- diameter of the rivet 

when the shearing takes place at two cross- sections of the rivet, then the 

rivets are said to be in (double shear ) 

                                          for double rivet cross- 

sections 

 
2

2

2

2

4
2

4
2

d

F

d

F

A

F

dA













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


 ndFs

2

4                                      Shearing force on the 

rivet(single shear)    

  



 ndFs

2

2                                   shearing force on the double 

rivet(double shear)   

  n- number of rivets per pitch length 

note: 

All lap joints and single cover butt joints are in single shear , while the butt 

joints with double cover plates are in double shear. 

   4- Crushing of the rivet  

 

 cc

c

SntdF

tdA





        

d - diameter of the rivet 

t - thickness of the plate 

n - number of rivets per pitch length 
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 Sc - crushing stress 

5-Efficiency of the riveted joints: 

The efficiency of the riveted joints is defined as a ratio of strength of riveted 

joints to the strength of unriveted or (solid) plate. 

 

𝜂  
                     

                           
    

  
                     

      
     

Ft   -Tearing resistance of plate 

Fs  -Shearing resistance of rivet 

Fc  -crushing resistance of rivet 

P – Pitch 

t – thickness of the plate       

St  -Tensile strength(stress)of the plate 

 

Screwed joint 

Screwed joint are widely used where the machine parts are required to 

be readily connected or disconnected without damage or for power 

transmission. 

 

Types of screw thread : 

V- thread 
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P – pitch 

 

Square thread  

Used in feed mechanism tools , values , screw jack . 

 

 Trapezoidal thread 

Used on screw cutting lathe , brass valves, and bench vices  
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Buttress  thread 
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Pitch : it’s the distance from a point on one thread to the 

corresponding point on the next . this is measured  in an axial 

direction between corresponding point in the same axial plane . 

Mathematically : 

Pitch =  1/( No. of threads per unit length of screw)  

lead : it is the distance between two corresponding points on the same 

helix. It may also defined as the distance which a screw thread 

advances axially in one rotation of the nut. Lead is equal  to the pitch 

in case of single start threads , its twice in double start ,trice the pitch 

in triple start and so on.  
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Stresses in the threads 
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Tensile stress due to stretching of bolts  

 

 

 

 

 

 

 

Torsional shear stress  

It caused by the friction resistance of the threads during tightening. 

 

 

Shear stress across the thread 
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Crushing stress on thread 

 

 

 

 

 

Welding 

A welded joint is a permanent joint which is obtained by the fusion 

of the edges of the two parts to be joined together, with or without 

the application of pressure and a filler material. The heat required 

for the fusion of the material may be obtained by burning of gas (in 

case of gas welding) or by an electric arc (in case of electric arc 

welding) . the later method is extensively used because of greater 

speed of welding. 

 

Types of welding joints 
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1.lap joint  or  fillet joint 

 

 

 

 

 

 

2.Butt joint 

 

Strength of transverse fillet welded joints 
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Tensile force of the joint for single fillet 

tt

tt

SlsF

SAF





707.0 

Where 

S t    - allowable tensile stress for weld metal 

Tensile force of the joint for double fillet 

tt

tt

SlsF

SlsF





414.1

707.02
 

Strength of parallel fillet welded joints 
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in order to allow for starting and stopping of the bead , 12.5 mm should be added to 

the length of each weld.    
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Strength of butt joints

 

 

Stress concentration factor 

When the parts of welded joint are subjected to fatigue loading(dynamic 

loading) the S.C.F as given below should be taken into account. 
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FCSFCS

S
S t

t
..

,
..


  

Note: for static loading and any type of joint , S.C.F  = 1 

 

Basic weld symbols 
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keys 
key : it is a piece of metal has different forms used to prevent 

relative motion between a shaft and the connected  member 

(hub) through which torque is being transmitted . 

 

Types of keys : 

1.sunk keys 

2.saddle keys 

3.tangent keys 

4.round keys 

5.splines 

 

 

 

Sunk keys 

The sunk  keys are provided half in the keyway of the shaft and half 

in the keyway of the hub.  

The sunk keys are the following types: 

a. Rectangular sunk keys: 



 

 

33 

 

 

    

63

4
2

3

2

4

d

d

w
t

d
w









 

w – width of  key 

t – thickness of  key 

d – diameter of the shaft 

the key has taper 1 in 100 on the top side only 

 

 

b. square sunk key 

4

d
tw 

 

c. parallel sunk key : it is the same of others above just  a 

taper less  

d. Gib head key 



 

 

34 

 

e. feather key :

  

 

 

 

f. woodruff key : 
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saddle keys 

 

 

 

 

tangent keys 
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round keys  

 

 

 

 

splines 

these shafts usually have  four ,six ,ten ,sixteen splines. the splined 

shafts are used when the force to be transmitted large in proportion to 

the size of the shaft.  
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Stresses in keys 

1.shear stress  

  wld

T

wl

d

T

wl

r

T

A

F

s 








22
 

    Area resisting shear -sA 

T -  transmitted torque  

 w -  width of key 

l - length of the key 

r – radius of shaft 

2.Crushing stress 

ltd

T

lt

d

T

l
t

r

T

A

F
S

c

c










4

2

2

2

    

         

t  -  thickness of key   

  area resisting crushing   -  cA 

S c - crushing stress   
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Friction clutches 

Clutches :   clutch is a machine member used to connect a driving 

shaft to  a driven shaft , so that the driven shaft may be started 

or stopped at will, without stopping the drive shaft. 

Types of clutches : 

There are two main types of clutches: 

1.positive clutches                         

 

2.friction clutches 

(a)disc or plate clutches 
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(b)cone clutches 
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(c)centrifugal clutches 

   

Note: the disc and cone clutches are known as axial friction 

clutches, while the centrifugal clutch  is called radial friction 

clutch. 
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Design of a disc clutch: 

   

Consider two friction surfaces maintained in contact by an axial 

thrust ( W ) : 

T – torque transmitted by the clutch 

P – axial pressure with which the contact surfaces are held 

together 
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r1  and r2 – external and internal radii of friction faces 

consider an elementary ring of radius r  and thickness dr : 

then the area of contact surface  drrA .2   

   axial force on the ring  

drrpApAreapressureW .2    

And the frictional force on the ring acting tangentially at radius r 

: 

 drrpWFr .2.     

frictionoftcoefficien 

    frictional torque acting on the ring 

 drrprdrrprFT rr

2..2.2.     

We shall considering two cases : 

 

1.uniform pressure 

2.uniform axial wear 

1.when we have uniform pressure  

  

   

   
   
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

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3
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1

2
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3

2

..
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W
p




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W – axial thrust on the friction surfaces 

T – total friction torque 

R – mean radius of the friction surface 

 

 

 

2.when we have uniform wear 

The normal wear is proportional to the work of friction. The work of friction is 

proportional to the product of normal pressure (p) and the sliding velocity (V): 

  work of friction   p . V     normal wear  

)(. tnconstaKKVp                       i             

 

 

clutchofaxisthefromcendistar

r
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p

iitnconstaCCrp

V

K
p








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Springs 

Spring is an elastic body compressed or extended when 

loaded , and go to its original shape when load is removed. 

The important applications of springs are as follows : 

1.to apply forces, as in brakes, clutches and spring loaded valves 
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2.to control motion by maintaining contact between two elements as in 

cams and followers. 

3.to measure forces, as in spring balances and engine indicators 

4.to store energy, as in watches, toys,  etc.. 

5.to absorb or control energy due to either shock or vibration, as in car 

spring, aircraft landing gears, shock absorbers and vibration dampers. 

Types of springs 

1.helical springs 

 

 

2.conical and volute springs 
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3.torsion springs 

 

4.laminated or leaf springs 

 

5.disc springs 

 

Terms used in compression springs 

1.solid length: it’s the product of total numbers of coils and the diameter 

of the wire 



 

 

48 

wireofdiameterd

coilsofnumbertotaln

dnL S







'

'

 

2. free length : it’s the length of spring in the free or unloaded condition. 

 

 

 

 

              

Free length = solid length +max. compression +clearance between adjacent 

coils 

 maxmax

' 15.0   dnLF    

We can also use the following relation to find the free length of spring 

  mmndnLF 1)1( '

max

'        

The clearance is taken as 1 mm 

3. spring index : it’s the ratio of the mean diameter of the coil to the 

mean diameter of wire 

 
d

D
C      
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4. spring rate : it’s the load required per unit deflection of the spring 



W
k 

     

5. pitch : it means the axial distance between adjacent coils in 

uncompressed state. 

     11 '' 





n

L

n

lengthfree
P F

     

The pitch may also be obtained by using the following relation 

   

lengthsolidL

lengthfreeL

d
n

LL
P

S

F

SF









'

       

Stresses in helical springs of circular wire 
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stresssheartorsional

d

DW

d
D
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





1
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3

1

8
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







     

The following stresses also act on the wire 

 

1.direct shear stress because of the load  W 

 

  
2

2
2

2

4

4

d

W

d

W

wiretheofareactionalsecross

load















           

2.stress due to curvature of wire 
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Maximum shear stress in the wire = torsional shear stress + direct shear stress 

 

factorstressshear
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In order to consider the effects of both direct shear stress as well as curvature 

of the wire we use a Wahl's stress factor. 

Maximum shear stress in the wire 

 

CC

C
K

d

CW
K

d

DW
K
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
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
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



                                      Wahl's stress factor  

 

 

 

 

Deflection of helical springs of circular wire 
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turnactiveperdeflection
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Spring rate or stiffness of the spring 

      constant=
       

nC

dG

nD

dGW
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4
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
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 خارطح انقُاس انًؼتًذج 

انًحزٕٖ 

 انزؼهًٛٙ
 ػُبٍٔٚ انفصٕل

الأًْٛخ 

 انُظجٛخ

 الأْذاف انظهٕكٛخ 

ػذد 

 انفمزاد

          

 انًؼزفخ  
 انزمٛٛى انزحهٛم انزطجٛك انفٓى

     

 انفصم الأل

Review of 

Strength of 

Materials 

100% 35% 25% 10% 10% 20% 5 

 انفصم انثبَٙ
Screwed 

Joints 
100% 35% 25% 10% 10% 20% 5 

 Welded Joints 100% 35% 25% 10% 10% 20% 5 انفصم انثبنث

 انفصم انزاثغ 
Frictional 

Clutches 
100% 35% 25% 10% 10% 20% 5 

         انًدًٕع

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


