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 تقُُح اجضاء انًكائٍ :اعى انًقشس

 لغى انزمُٛبد انًٛكبَٛكخ :انقغى

 انًؼٓذ انزمُٙ انذٔس :انكهُح

 انثبَٙ / انًغتىيانًشحهح 

 انثبَٙ :انذساعٍانفصم 

 0 ػًهٙ 2 َظش٘ :ػذد انغاػاخ الاعثىػُح

 2 ػذد انىحذاخ انذساعُح:

 MTP205 انشيض:

  كهًٓب  ػًهٙ * َظش٘ َىع انًادج

 لا ٕٚخذ فٍ الاقغاو الاخشي  نهًقشس هم َتىفش َظُش

 - اعى انًقشس انُظُش 

 - انقغى

 - انُظُشسيض انًقشس 

 يؼهىياخ تذسَغٍ انًادج

 َٕس ػجذانهطٛف ػضد :( انًقشسٍ)يذسعاعى يذسط 

 يذسط يغاػذ انهقة انؼهًٍ:

 2022 عُح انحصىل ػهً انهقة

 ياجغتُش انشهادج :

 2020 عُح انحصىل ػهً انشهادج

 عُىاخ 3 عُىاخ انخثشج ) تذسَظ(ػذد 

 يؼهىياخ ػايح
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  نهًقشس انؼاو انىصف

ركز على تطوير وتصميم تفرع من فروع الهندسة الميكانيكية  يالمكائن هتصميم 
إلى إنشاء  وتهدفالأجهزة والأنظمة الميكانيكية التي تستخدم في مختلف الصناعات. 

حلول هندسية تلبي الاحتياجات الفنية والوظيفية بأقل تكلفة ممكنة وبأعلى كفاءة 

 .ممكنة

  انؼايح الاهذاف

 

  ٚزؼهى انطلاة كٛفٛخ رسهٛم انًكَٕبد انًٛكبَٛكٛخ انًخزهفخ ثبعزخذاو يجبدئ انفٛضٚبء

   .ٔانشٚبضٛبد، يثم رسًٛلاد انمٕٖ ٔانضغٕط ٔانؼضو

   ٍٛٚزؼهى انطلاة كٛفٛخ اخزٛبس انًٕاد انًُبعجخ نكم رطجٛك، يغ رٕفٛش انزٕاصٌ انًثهٗ ث

  .انًٕثٕلٛخ ٔانزكهفخ ٔالأداء

 صًٛى اٜلاد ٔالأخضاء ثبعزخذاو ثشايح انكًجٕٛرش ٔأدٔاد انًُزخخ ٚزذسة انطلاة ػهٗ ر

 .انُٓذعٛخ، يغ انزشكٛض ػهٗ رسمٛك الأداء انًطهٕة ٔانكفبءح

 ة انطلاة ػهٗ انزؼبيم يغ انزسهٛلاد الإخٓبدٚخ نضًبٌ يزبَخ ٔاعزذايخ انزصبيٛى، ٚزذس

  .ثبلإضبفخ إنٗ رسغٍٛ رصًًٛبرٓى انٓٛكهٛخ

 نزفكٛش الإثذاػٙ ٔالاثزكبس فٙ رصًٛى انًكبئٍ، ٔرسغٍٛ الأداء ٔانًٕثٕلٛخ ٚزؼهى انطلاة كٛفٛخ ا

 .ٔرمهٛم انزكبنٛف

 

 انخاصح الأهذاف

 ٍٛٔانمذسح ٔانًزبَخ ٔانذلخ انكفبءح صٚبدح يثم انزصًٛى، يزطهجبد يغ ٚزُبعت ثًب الأخضاء أداء رسغ 

 .الأزًبل رسًم ػهٗ

 لتمليل التصميمات وتحسين المناسبة المواد اختيار خلال من والصيانة، للإنتاج ألل تكاليف تحميك 

 .التصنيع عمليات وتحسين النفايات

 تولفات ودون بكفاءة المكائن عمل استمرارية يضمن مما العالية، بالموثولية تتميز تصاميم تطوير 

 .لها مخطط غير

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

  .أيثهخ الأْذاف انزؼهًٛٛخ
 .إكغبة انًزؼهى يٓبساد انسغبثبد انزصًًٛٛخ

رشدٛغ انطلاة ػهٗ اعزخذاو انزفكٛش الإثذاػٙ نزطٕٚش زهٕل رصًًٛٛخ يجزكشح رهجٙ الاززٛبخبد انًسذدح 

 .نهزطجٛك

ػهٗ أداء انًكبئٍ، ٔرسغٍٛ ؼهى انطلاة كٛفٛخ رمٛٛى رؤثٛش الأزًبل انًٛكبَٛكٛخ ٔانظشٔف انجٛئٛخ ر

 .انزصبيٛى ثُبءً ػهٗ ْزِ الاعزدبثبد

رذسٚت انطلاة ػهٗ لشاءح ٔرسهٛم ٔرمٛٛى انزصبيٛى انًٛكبَٛكٛخ ثُبءً ػهٗ انًؼبٚٛش انُٓذعٛخ 

 .ٔانًٕاصفبد انًسذدح
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 الأهذاف انغهىكُح او َىاتج انتؼهى

  الهندسية والمواصفات المحددةان يتعلم الطالب التصاميم الميكانيكية وفك المعايير. 

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

  ٗاٌ ًٚٛض انطبنت انًٕاد انُٓذعٛخ انًخزهفخ ٔانزٙ رهجٙ الاززٛبخبد انفؼهٛخ ثبلم ركهفخ ٔثؤػه

 ممكنة. كفبءح

 أيثهح أهذاف تذسَغُح: 

 : عٛكٌٕ انطبنت لبدسا ػهٗ اٌ انًسبضشحثؼذ الاَزٓبء يٍ 
 التصاميم وتحسين المكائن، أداء على البيئية والظروف الميكانيكية الأحمال تأثير تمييم كيفية 

 .الاستجابات هذه على بناء  

 المحددة والمواصفات الهندسية المعايير على بناء   الميكانيكية التصاميم وتمييم وتحليل لراءة. 

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

 . CAD/CAM وبرامج بالحاسوب الهندسية

 انغاتقح انًتطهثاخ

 أ٘ يٕاد دساعٛخ عبثمخ أ يٓبساد يؼُٛخ ٗلا ٚسزبج انطبنت ان. 

 

 الأْذاف انغهٕكٛخ أ يخشخبد انزؼهٛى الأعبعٛخ 

 آنٛخ انزمٛٛى انزؼهٛىرفصٛم انٓذف انغهٕكٙ أ يخشج  د

 فٓى الأعبعٛبد انًٛكبَٛكٛخ .  1

 . انًحاضشاخ 

 . انىاجثاخ انفشدَح وانًشاسكح 

 .الاختثاساخ 

 

 رصًٛى اٜلاد ٔانًكبئٍ  2

 . انًحاضشاخ 

 . انىاجثاخ انفشدَح وانًشاسكح 

 الاختثاساخ. 

 اعزخذاو انجشيدٛبد انُٓذعٛخ  3

 . انًحاضشاخ 

  انىاجثاخ انفشدَح وانًشاسكح. 

 الاختثاساخ. 
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 انزسهٛم ٔانزمٛٛى 4
 الاختثاساخ 

  وانجًاػُح انفشدَح انًشاسَغ. 

 

 

 )حذد يجًىػح يتُىػح يٍ أعانُة انتذسَظ نتُاعة احتُاجاخ انطلاب ويحتىي انًقشس(أعانُة انتذسَظ 

 يثشساخ الاختُاس الاعهىب او انطشَقح
 رؼهٛى انطبنت كٛفٛخ انزسهٛم ٔانزؼبيم يغ انًغبئم ٓذف إنٗر انًحاضشاخ انُظشَح وانؼًهُح .1

ٚٓذف إنٗ رٕنٛذ أفكبس خذٚذح ٔزهٕل يجزكشح نهًشبكم  اعهٕة انؼصف انزهٍُ .2

  أٔ انزسذٚبد انًطشٔزخ

ٓذف إنٗ رمٛٛى ٔرسهٛم الأفكبس ٔانًؼهٕيبد ثشكم يُطمٙ ر انتفكُش انُاقذ .3

 ٔيُظى

ثبٜساء أٔ انفكش انز٘ ٚزى  نهزؤثٛش ػهٗ اٜخشٍٚ ٔإلُبػٓى انتىاصم انهغىٌ .4

 رجبدنّ، يًب ٚغبْى فٙ ثُبء انمُبػبد ٔالارفبلبد.

 

رٓذف كلاًْب إنٗ رجبدل اٜساء ٔالأفكبس ثٍٛ الأفشاد ٔيُبلشخ  انًُاقشح وانحىاس .5

 انًٕاضٛغ انًخزهفخ

  

 

  



 

 

 

 

 يٍ انًسزٕٖ انؼهًٙ انفصم الأل

  انٕلذ ػُٕاٌ انفصم

 طشق انمٛبط انزمُٛبد طشٚمخ انزذسٚظ انؼُٕاٌ انفشػٙ نشئٛغٙانؼُٕاٌ ا انؼًهٙ انُظش٘ انزٕصٚغ انضيُٙ

الأل الأعجٕع 

  انثبَٙٔ

 

2  Belts 

Types of Belts يسبضشح 
ػشض رمذًٚٙ، ششذ، أعئهخ 

 ٔأخٕثخ

ػشض الايثهخ 

ٔانًُبلشخ 

ٔيلازظخ يغزٕٖ 

 انطهجخ

Design of Belts يسبضشح 
ػشض رمذًٚٙ، ششذ، أعئهخ 

 ٔأخٕثخ

ػشض الايثهخ 

ٔانًُبلشخ 

ٔيلازظخ يغزٕٖ 

 انطهجخ

 استخدام كيفية الطلاب تعليم
 الذكاء على تعتمد أدوات

 تصميم لتحسين الاصطناعي
 المواد اختيار مثل الأحزمة،
 بالأداء التنبؤ أو المناسبة

 .مختلفة ظروف في

يسبضشح ٔػشض 

 رمذًٚٙ

ػشض رمذًٚٙ، رفبػم 

انطهجخ يغ انزكبء 

الاصطُبػٙ نزصًٛى 

 الازضيخ

 
  2 الاعجٕع انثبنث

اعزخذاو انزكبء 

الاصطُبػٙ فٙ 

 رصًٛى الازضيخ 



 

 

 

 

 انفصم انثبَٙ

  انٕلذ ػُٕاٌ انفصم

 طشق انمٛبط انزمُٛبد طشٚمخ انزذسٚظ انؼُٕاٌ انفشػٙ شئٛغٙانؼُٕاٌ ان انؼًهٙ انُظش٘ انزٕصٚغ انضيُٙ

 ػشض رمذًٚٙ، ششذ، أعئهخ ٔأخٕثخ يسبضشح - Design of Shafts  2 انشاثغ الأعجٕع 

ػشض الايثهخ 

ٔانًُبلشخ 

ٔيلازظخ 

يغزٕٖ 

 انطهجخ

  2 الاعجٕع انخبيظ

اعزخذاو انزكبء 

الاصطُبػٙ فٙ رصًٛى 

 ػًذحالا

 خوارزميات استخدام
 الاصطناعي الذكاء

 أنماط لتحليل
 الناتجة الاهتزازات

 الأعمدة دوران عن
 في تعديلات واقتراح
 عدم لتقليل التصميم

 .الاستقرار

 ػشض رمذًٚٙ
رؼهٛى انطلاة كٛفٛخ اعزخذاو انزكبء 

 الاصطُبػٙ فٙ رصًٛى الاػًذح
 

انغبدط الأعجٕع 

 ٔانغبثغ 
2  

Design of Journal 

Bearings 
 ػشض رمذًٚٙ، ششذ، أعئهخ ٔأخٕثخ يسبضشح -

ػشض الايثهخ 

ٔانًُبلشخ 

ٔيلازظخ 

يغزٕٖ 

 انطهجخ
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 انفصم انثبنث

  انٕلذ ػُٕاٌ انفصم

 طشق انمٛبط انزمُٛبد طشٚمخ انزذسٚظ انؼُٕاٌ انفشػٙ شئٛغٙانؼُٕاٌ ان ػًهٙ َظش٘ انزٕصٚغ انضيُٙ

انثبيٍ  الأعجٕع

 انزبعغٔ
2  

Selection of Ball 

Bearings 
 أعئهخ ٔأخٕثخػشض رمذًٚٙ، ششذ،  يسبضشح -

ػشض الايثهخ 

ٔانًُبلشخ 

ٔيلازظخ 

يغزٕٖ 

 انطهجخ

  2 انؼبشش الأعجٕع

Design of Gears 

by Lewis 

Equation 

 ػشض رمذًٚٙ، ششذ، أعئهخ ٔأخٕثخ يسبضشح -

الايثهخ ػشض 

ٔانًُبلشخ 

ٔيلازظخ 

يغزٕٖ 

 انطهجخ

الاعجٕع انسبد٘ 

 ػشش
  Cams - ػشض رمذًٚٙ، ششذ، أعئهخ ٔأخٕثخ يسبضشح 

ػشض الايثهخ 

ٔانًُبلشخ 

ٔيلازظخ 

يغزٕٖ 

 انطهجخ
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 انشاثغ )يٍ انًسزٕٖ انؼهًٙ(انفصم 

  انٕلذ ػُٕاٌ انفصم

 طشق انمٛبط انزمُٛبد طشٚمخ انزذسٚظ انؼُبٍٔٚ انفشػٛخ انشئٛغٛخ انؼُبٍٔٚ ػًهٙ َظش٘ انزٕصٚغ انضيُٙ

ثبَٙ انالأعجٕع 

 ػشش
2  Gears Trains - مذًٚٙ، ششذ، أعئهخ ٔأخٕثخػشض ر يسبضشح 

ػشض الايثهخ 

ٔانًُبلشخ 

ٔيلازظخ 

يغزٕٖ 

 انطهجخ

 ثبنثان الأعجٕع

 ٔانشاثغ ػششػشش
2  

Design of Simple 

Gears Box 
 أعئهخ ٔأخٕثخمذًٚٙ، ششذ، ػشض ر يسبضشح -

ػشض الايثهخ 

ٔانًُبلشخ 

ٔيلازظخ 

يغزٕٖ 

 انطهجخ

خبيظ ان الأعجٕع

 ػشش
2  Worm Gears - مذًٚٙ، ششذ، أعئهخ ٔأخٕثخػشض ر يسبضشح 

ػشض الايثهخ 

ٔانًُبلشخ 

ٔيلازظخ 

يغزٕٖ 

 انطهجخ
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Belt drives 

The belts or ropes are used to transmit power from one shaft to 

another by means of pulleys which rotate at the same speed or at 

different speeds. the amount of power transmitted depends upon 

the following factors: 

                      1.the velocity of the belt 

2.the tension under which the belt is placed on the pulleys. 

3.the arc of contact between the belt and the smaller pulley. 

4.the conditions under which the belt is used. 

Types of belt drives 

The belt drives are usually classified into the following three groups: 

1.light drives: these are used to transmit small powers at belt speeds 

up to         10 m / s as in agricultural machines. 

2.medium drives: these are used to transmit medium powers at belt 

speeds over 10 m / s to 22 m/ s as in machine tools. 

3. heavy drives: these are used to transmit large powers at belt 

speeds over     22 m / s as in compressors and generators. 

Types of belts 

1.flat belt                              2.V-belt                               3.circular belt 

Material used for belts 

1.lather belts     2. Cotton or fabric belts         3.rubber belts           4.balata belts 

Types of flat belt drives  
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1.open belt drive                                                                   2.crossed or twist belt 

drive    
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Velocity ratio of belt drive 
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pulleydriventheonbelttheofvelocity

pulleydrivetheonbelttheofvelocity
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Length of an open belt drive 
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Length of a cross belt drive 
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Power transmitted by a belt 
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sideslacktheintensionT

sidetighttheintensionT

smbelttheofvelocity

TTP






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



 

 

 

Ratio of driving tensions for flat belt drive 

 

NRF  
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Ex1: 

Find the length of belt which is necessary to drive a pulley of 80 cm dia. is 

running parallel at a distance of 12 meters from the driving pulley of 480 cm 

dia. 

Sol: 

1.length of open belt drive 
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mL

L

X

dd
XddL

13.33

12004

)80480(
12002)80480(

2

4

)(
2)(

2

2

2

21
21















 

2.length of cross-belt drive 

    

mL

L

X

dd
XddL

45.33

12004

)80480(
12002)80480(

2

4

)(
2)(

2

2

2

21
21















          

  

Ex2: 

Find the length of the flat belt under the following conditions; diameter of the 

small pulley 630 mm, rotate at 740 R.P.M , and diameter of large pulley 2000 

mm, center distance is 6 meters. Also find the power , if the friction factor is 0.3 

and the tension in the slack side is 300 N. 

Sol: 
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Ex3: 

Tow pulleys one 450 mm diameter and the other 200 mm diameter, on parallel 

shafts     1.95 m apart are connected by a crossed belt. Find the length of belt 

required and the angle of contact between the belt and each pulley. 

What power can be transmitted by the belt when the larger pulley rotates at 

200 rev / min, if 

the maximum 

permissible 

tension in the belt 
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is 1 KN, and the coefficient of friction between the belt and pulley is 0.25 ?         
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Ex4: 

In a horizontal belt drive for a centrifugal blower , the blower is belt driven at 

600 R.P.M by a 15 KW , 1750 R.P.M . electric motor . the center distance is 

twice the diameter of the large pulley , the density of the belt material = 1500 

kg / m3 ; maximum allowable stress = 4 MPa; 

µ1 = 0.5(motor pulley);          µ2 = 0.4 (blower pulley);                                 

    peripheral velocity of  the belt = 20 m/s. determine the following :          

          1.Pulley diameter          2.Belt length 
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Sol: 
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 اعتخذاو انزكاء الاصطُاػٍ فٍ تصًُى الاحضيح

 لفهم عملية تطبيمات ويوفر التعليمية العملية يعزز أن يمكن المكائن أجزاء تمنية ضمن (Belt) الأحزمة مادة في الاصطناعي الذكاء دمج

 الاصطناعي الذكاء دمج كيفية حول الأفكار بعض يلي فيما. أفضل بشكل الأنظمة هذه واستخدام

 AI يحاكاج ػًم الأحضيح تاعتخذاو تقُُاخ  1.

 ًٚكٍ اعزخذاو ًَبرج يسبكبح رؼزًذ ػهٗ انزكبء الاصطُبػٙ نزٕضٛر كٛفٛخ ػًم الأزضيخ فٙ َمم انسشكخ ٔانمٕح. 

 اعزخذاو ثشايح يثم MATLAB ٔأ Simulink  أَظًخ َمم يغ رمُٛبد انزكبء الاصطُبػٙ نزسهٛم ٔرصًٛى

 .انسشكخ ثٕاعطخ الأزضيخ

 انتُثؤ تانؼًش الافتشاضٍ نلأحضيح  2 .

 إدخبل يفبْٛى انزُجؤ ثًذح صلازٛخ الأزضيخ أٔ رٕلٛذ صٛبَزٓب ثبعزخذاو ًَبرج رؼهى اٜنخ. 

 تطىَش َظاو يشاقثح ركٍ  3  .

  انفؼهٙاعزخذاو يغزشؼشاد يذيدخ ًَٔبرج انزكبء الاصطُبػٙ نشصذ أداء الأزضيخ فٙ انٕلذ. 

 ظ انُظبو ثشبشخ ػشض أٔ رطجٛك ًٚكٍ نهطلاة يٍ خلانّ يزبثؼخ انجٛبَبدسث. 

 اعتخذاو انزكاء الاصطُاػٍ فٍ تصًُى الأحضيح 4  . 

  رؼهٛى انطلاة كٛفٛخ اعزخذاو أدٔاد رؼزًذ ػهٗ انزكبء الاصطُبػٙ نزسغٍٛ رصًٛى الأزضيخ، يثم اخزٛبس انًٕاد

 .ٔف يخزهفخانًُبعجخ أٔ انزُجؤ ثبلأداء فٙ ظش

 :فىائذ انذيج

 رؼضٚض انفٓى انؼًهٙ ٔانُظش٘ نهًبدح. 

 رطٕٚش يٓبساد انزفكٛش انُمذ٘ ٔزم انًشكلاد نذٖ انطلاة. 

 رٕفٛش ثٛئخ رؼهًٛٛخ يجزكشح رشثظ ثٍٛ انزكُٕنٕخٛب انسذٚثخ ٔانزطجٛمبد انصُبػٛخ. 
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Shafts 

A shaft is a rotating machine element which is used to transmit power from 

one place to another. In order to transfer the power from one shaft to 

another, the various members such as pulleys, gears, etc...are mounted on it 

by means of keys or splines. 

An axle is a similar in shape to the shaft, it is a stationary machine element 

and is used for transmission of bending moment only, and it acts as a support 

for some rotating body such as car wheel. 

A spindle is a short shaft that imparts motion either to a cutting tool (drill 

press spindles) or to a work piece (lathe spindles) 

Standard sizes of transmission shafts 

25 mm to 60 mm with 5 mm steps 

60 mm to 110 mm with 10 mm steps 

110 mm to 140 mm with 15 mm steps 

140 mm to 500 mm with 20 mm steps 

The standard lengths of shafts are 5 m, 6 m and 7 m. 

Stresses in shafts 

1. Shear stresses due to the transmission of torque (torsional load) 

2. Bending stresses (tensile or compressive) due to the forces acting upon 

machine elements like gears, pulleys as well as due to the weight of the shaft 

itself. 

3. Stresses due to combined torsional and bending loads. 

Design of shafts: 

(a) Shafts subjected to twisting moment only 

(b) Shafts subjected to bending moment only 

(c) Shafts subjected to combined twisting and bending moments. 
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1. Shafts subjected to twisting moment (torque): 

The diameter of the shaft may be obtained by using the torsion equation: 
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        The power transmitted by the shaft (in watts) 
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In case of belt drives, the twisting moment is given by  
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2. Shafts subjected to bending moment: 

When the shaft is subjected to a bending moment only then the maximum 

stress (tensile or compressive) is given by the bending equation: 
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Moment of inertia for the solid shaft is 
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And moment of inertia for hollow shaft is 
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3. Shafts subjected to combined twisting and bending moments: 

(A) Maximum shear stress theory or Guest's theory; it is used for ductile 

materials such as mild steel 
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 eT     -Equivalent twisting moment: it is the twisting moment which when 

acting alone, produces the same shear stress as the actual twisting moment. 

 

 

 (b) Maximum normal stress theory or Rankin's theory it is used for brittle 

materials such as cast iron. 
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  eM - Equivalent bending moment: it is the moment which when 

acting alone produces the same tensile or compressive stress as the 

actual bending moment.  
 

Note: in case of hollow shafts the equivalent equations are written as follows: 
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Ex 1: A line shaft rotating at 200 R.P.M. is to transmit 20 KW. The shaft may be 

assumed to be made of mild steel with an allowable shear stress of 42 MPs. 

determine the diameter of the shaft, neglecting the bending moment. 

Sol: 
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Ex 2: A solid shaft is transmitting 1 MW at 240 R.P.M. determine the diameter 

of the shaft if the maximum torque transmitted exceeds the mean torque by 20 

%. Take the maximum shear stress as 60 MPs. 

Sol: 
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Ex 3: Find the diameter  of a solid steel shaft to transmit 20 KW at 200 R.P.M. 

the ultimate shear stress for the steel may be taken as 360 MPs and a factor of 

safety as 8. 

If a hollow shaft  

Is to be used in place of the solid shaft, find the inside and outside diameter 

when the ratio of inside to outside diameters is 0.5    . 

Sol: 
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Ex 4:  A solid circular shaft is subjected to a bending moment of 3000 N.m, and 

a torque of 10000 N.m , the shaft is made of 45 C 8 steel having ultimate tensile 

stress of 700 MPs, and an ultimate shear stress of 500 MPs. Assuming the 

factor of safety as 6, determine the diameter of the shaft. 

Sol: 
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Ex 5: A shaft is supported at the ends in ball bearing carries a spur gear at its 

mid span and is to transmit 7.5 KW at 300 R.P.M, the diameter of the gear is 

150 mm, the distances between the centre line of bearing and gear is 100 mm 

each. If the shaft is made of steel and the allowable shear stress is 45 MPs, 

determine the diameter of the shaft. The pressure angle of the teeth of the 

gear may take as 20 0  . 



 

 

28 

 

Sol: 
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Ex 6: A line shaft is driven by means of a motor placed vertically below it. The 

pulley on the line shaft is 1.5 meter in diameter and has belt tensions 5.4 KN on 

the tight side and 1.8 KN on the slack side of the belt. Both these tensions may 

assume to be vertical, as in fig. find the diameter of the shaft if the maximum 

allowable shear stress is 42 MPs.  

   

Sol: 

 

   

mmmmdord

dd

dT

mmNTMT

mmNLWM

momentbending

NTTW

ispulleytheonloadverticaltotalthe

mmNmNRTTT

e

e

807810479
25.8

103950

25.842
16

103950

16

.103950102700102880

.1028804007200

720018005400

.102700.270075.018005400)(

3
3

3

333

3

3232322

3

21

3

21
























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 اعتخذاو انزكاء الاصطُاػٍ فٍ تصًُى الاػًذج

 في والدلة الكفاءة يحسّن أن يمكن الميكانيكية الهندسة في (Shafts) الأعمدة تصميم في الاصطناعي الذكاء استخدام

 تصميم في الاصطناعي الذكاء لاستخدام ومجالات طرق يلي فيما. التشغيلية والظروف بالأداء التنبؤ من ويسُهّل التصميم،

 :الأعمدة

 تحهُم الإجهاد والإجهاداخ انذَُايُكُح .1

 تؼهُى اِنح (Machine Learning): 
o  انثبثزخ ٔانذُٚبيٛكٛخ ػهٗ الأػًذح ثُبءً ػهٗ يؼبٚٛش يثم اعزخذاو ًَبرج انزؼهى اٜنٙ نزسهٛم الإخٓبداد

 .انسًٕنخ، انغشػخ، ٔانًٕاد

o ًٚكٍ رذسٚت انًُبرج ثبعزخذاو ثٛبَبد رسهٛم انؼُبصش انًسذٔدح (FEA) نزمذٚى رٕلؼبد دلٛمخ نلأداء. 

 اختُاس انًىاد الأيثم .2

 انشثكاخ انؼصثُح الاصطُاػُح (ANNs): 
o ٗاخزٛبس انًٕاد انًثبنٛخ ثُبءً ػهٗ انًزطهجبد، يثم انمٕح، انكثبفخ، انزكهفخ،  رذسٚت انشجكبد انؼصجٛخ ػه

 .ٔيمبٔيخ انزآكم

o ًٚكٍ أٌ ٚمزشذ انُظبو يٕاد ثذٚهخ نزسغٍٛ الأداء أٔ رمهٛم انزكبنٛف. 

 تصًُى أػًذج خفُفح انىصٌ تاعتخذاو انتحغٍُ انتىنُذٌ .3

 ٌانزكاء الاصطُاػٍ وانتحغٍُ انتىنُذ (Generative Design): 
o  رٕنٛذ رصبيٛى يجزكشح ٔخفٛفخ انٕصٌ نلأػًذح ثبعزخذاو ثشايح انزكبء الاصطُبػٙ، يثمAutodesk 

Generative Designيغ يشاػبح يؼبٚٛش الأداء ٔانمٕٛد انُٓذعٛخ ،. 

o رغبػذ ْزِ انزمُٛخ فٙ رمهٛم انٕصٌ دٌٔ انزضسٛخ ثبنًزبَخ. 

 وانصُاَح انىقائُحانتُثؤ تانؼًش الافتشاضٍ  .4

 انتؼهى انؼًُق (Deep Learning): 
o رذسٚت أَظًخ AI  نزسهٛم انجٛبَبد انزشغٛهٛخ )يثم الاْزضاصاد ٔدسخبد انسشاسح( نزمذٚش انؼًش

 .الافزشاضٙ نلأػًذح ٔانزُجؤ ثؤػطبنٓب لجم زذٔثٓب

o ًٚكٍ ديح رنك يغ إَزشَذ الأشٛبء (IoT) نزٕفٛش يشالجخ زٛخ. 

 الاهتضاصاخ وتحغٍُ الاعتقشاستقهُم  .5

  اعزخذاو خٕاسصيٛبد انزكبء الاصطُبػٙ نزسهٛم أًَبط الاْزضاصاد انُبردخ ػٍ دٔساٌ الأػًذح ٔالزشاذ رؼذٚلاد

 .فٙ انزصًٛى نزمهٛم ػذو الاعزمشاس

 رطجٛك أَظًخ رسكى ركٛخ رؼًم ثبنزكبء الاصطُبػٙ نضجظ الأػًذح أثُبء انزشغٛم. 

 الاصطُاػٍ يغ أدواخ انتصًُى انهُذعٍديج انزكاء  .6

  ديح رمُٛبد انزكبء الاصطُبػٙ يغ ثشايح انزصًٛى يثمSolidWorks ،ANSYSٔ ،CATIA  نزغشٚغ

 .ػًهٛبد انزسهٛم ٔانزصًٛى

 رطٕٚش ٔزذاد إضبفٛخ نهجشايح رزٛر انزٕصٛبد انزكٛخ ثُبءً ػهٗ انظشٔف انُٓذعٛخ انًخزهفخ. 
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 :انفىائذ

 فٙ انزصًٛى رسغٍٛ انكفبءح ٔانذلخ. 

 رمهٛم ٔلذ ٔركهفخ انزطٕٚش. 

 رمذٚى زهٕل يجزكشح نزسذٚبد انزصًٛى. 

 رؼضٚض انفٓى انؼًهٙ ٔانُظش٘ نهطلاة. 

 

Rolling contact bearing 

  ِA machine element which supports another moving element(known as 

rolling) , it permits a relative motion between the contact surface of the 

members while carrying the load.  

Types of bearings 

1.ball bearings                                                                                                 2.roller 

bearings 

 

The ball bearings are usually used for light loads and the roller bearings are 

used for heavier loads. 
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the rolling contact bearing, depending upon the load to be carried, are 

classified as : 

a. radial bearings                                                                                             b. thrust 

bearings 

 

 

types of radial ball bearings 

 

Thrust ball bearings 

The thrust ball bearings are used for carrying loads at speeds below 2000 

R.P.M 
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Basic static load rating (C 0 ) : 

 it is the static radial load(in case of radial ball or roller bearings) or axial load( 

in case of thrust ball or roller bearings)which acts on non rotating bearings. 

 

1.for radial ball bearings 

 
contactofanglealNomi

mminballofdiameterD

rowperballsofNoZ

bearinganyinballsofrowsofNoi

bearingoftypetheondependingfactorf

DZifC

















.

.

cos

0

2

00

  

 

  2.for radial roller bearings 

  rolleroflengthl

DlZifC

e

e



 cos00

  

3.for thrust ball bearings 

 sin2

00  DZfC     
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4.for thrust roller bearings 

 sin00  DlZfC e   

Note: 

  0f    May takes the following values:       3.33  ,  12.3   ,   21.6   ,   49   ,   98.1 

Static equivalent load( RW0 ): 

loadaxialW

loadradialW

factorloadthrustoraxialY

factorloadradialX

WYWXW

A

R

ARR











0

0

000

    

 

Basic dynamic load rating (C): 
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componentbearingofgeomertytheondependingfactordynamicf

DZifC

c

c



 8.13

2

7.0)cos( 
  

  

Dynamic equivalent load (W):   
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the design dynamic load = basic dynamic load × service factor 

Life of a bearing(L): 

It is the number of revolutions or hours which the bearing runs before the first 

evidence of fatigue develops in the material. 

  
bearingsrollerfork

bearingsballfork

srevolution
W

C
L

k

3

10

3

106















    

The relationship between the life in revolutions(L) and the life in working hours 

(    )is given:  

MPRinspeedN

LNL H

..

60





 The rating life of a group of bearings is defined as the number of revolutions or 

hours that 90 percent of a group of bearings will exceed before the first 

evidence of fatigue develops 

The average life of bearing is 5 times the rating life. 
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The longest life of a single bearing is about 30 –50 times the rating life. 
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Examples for bearings 

Ex1: 

Select a single row deep groove ball bearing for a radial load of 4000 N and an 

axial load of 5000 N, operating at a speed of 1600 R.P.M , for an average life of 

5 years at 10 hours per day .assume uniform and steady load. 

Sol: 

 

srevolutionLNL

yearperdayworkinghoursL

H

H

61014401500016006060

30015000103005





 

From the table for dynamically loaded bearings let us take the value  

5.0
0


C

WA

 

 

315.

76.8181760
10

101440
7240

10

.10

7240500014000156.0

1

156.0

44.025.1
4000

5000

3

1

6

6
1

6

6

Nobearingtheselectwetablethefrom

KNN
L

WC

rev
W

C
L

N

VWYWVXW

YXthen

ethangreateriswhich
W

W

k

k

AR

R

A








 




























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Ex2: 

Design a self aligning ball bearing for a radial load of 7000 N and a thrust load 

of 2100 N the desired life of bearing is 160 millions of revolutions at 300 R.P.M 

. Assume uniform and steady load. 

Sol: 

KNChavingnumberbearingselectwetablefrom

KNN
L

WC

rev
W

C
L

NWforselectedbeshouldbearingthe

Kfactorservicethethatfindwetablefrom

NWYWVXW

YX

bearingballaligningselfaforthatfindwetableFrom

W

W

k

k

s

AR

R

A

5.65219

6.6464600
10

10160
11900

10

.10

11900

1

1190021005.37000165.0

5.365.0

3.0
7000

2100

3
1

6

6
1

6

6










 































 

 

 

Ex3: 

A single row angular contact ball bearing number 310 is used for an axial flow 

compressor. The bearing is to carry a radial load of 2500 N, and an axial load or 

thrust load of 1500 N. assuming light shock load, determine the rating life of 

bearing. 

Sol: 

  
6.0

2500

1500


R

A

W

W
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From table we find the values X and Y 

 

NW

bearingsmostforV

WYXVWW

YX

AR

250015000250011

1

01









  

From table we find the service factor for light shock load 

 5.1SK   

the design dynamic load = basic dynamic load × service factor 

 NKWW S 37505.12500  

From table we find the basic dynamic  load for the bearing number 310   is:        

                      C = 53 KN = 53000 N 

srevolution
W

C
L

k

66

3

6 10282310
3750

53000
10 

















 
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Gears 

Gears are an adaptation of rolling cylinders and cones, designed to ensure 

positive motion. 

Gears are used to transmit power between shafts rotating usually at 

different speeds. 

Types of Gears 

Spur gears,  have teeth parallel to the axis of rotation and are used to 

transmit motion 

from one shaft to another, parallel, shaft. Of all types, the spur gear is the 

simplest . 

 
Helical gears have teeth inclined to the axis of rotation. Helical gears can 

be used for 

the same applications as spur gears and, when so used, are not as noisy, 

because of the 

more gradual engagement of the teeth during meshing. The inclined tooth 

also develops thrust loads and bending couples, which are not present with 

spur gearing. 

Sometimes helical gears are used to transmit motion between nonparallel 

shafts. 
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Bevel gears, have teeth formed on conical surfaces and are used mostly for 

transmitting motion between intersecting shafts.  

 
Worms and worm gears,  represent the fourth basic gear type. the worm 

resembles a screw. 

The direction of rotation of the worm gear, also called the worm wheel, depends 

upon 

the direction of rotation of the worm and upon whether the worm teeth are cut 

right-hand or left-hand. Worm-gear sets are also made so that the teeth of one or 

both wrap 

partly around the other.  Worm-gear sets are mostly used when the speed ratios 

of the two 

 

   shafts are quite high, say, 3 or more.  
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The gears are classified according to the type of gearing as :  

b)internal gearing                               c)rack and pinion                      a)external 

gearing 
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Terms used in gears 

1.pitch circle: it is an imaginary circle  which by pure rolling action , would give 

the same motion as the actual gear. 

2.pitch circle diameter: it is the diameter of pitch circle.  

 

3.pressure angle: it is the angle between the common normal to two gear 

teeth at the point of contact and the common tangent at the pitch point. It is 

usually denoted by Φ. The standard pressure angles are 14  1/20    and 200. 

4.addendum: it is the radial distance of a tooth from the pitch circle to the top 

of the tooth. 

5.dedendum: it is the radial distance of a tooth from the pitch circle to the 

bottom of the tooth. 

6.circular pitch: it is the distance measured on the circumference of the pitch 

circle from a point of one tooth to the corresponding point on the next tooth . 

 
T

D
Pc


 

D – diameter of pitch circle 
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T – number of teeth on the wheel. 

Note: if D1 and D2 are the diameters of  two meshing gears having the teeth T1 and T2 . then 

for them to mesh correctly: 

2

1

2

1

2

2

1

1

T

T

D

D
or

T

D

T

D
Pc 


  

7.diametral pitch: it is the ratio of number of teeth of the pitch circle diameter 

in millimeters. 

c

d
PD

T
P


 

8.module: it is the ratio of the pitch circle diameter in millimeters to the 

number of teeth. 

 
T

D
m 

Note1: the standard modules are  1 , 1.25 , 1.5 , 2 , 2.5 , 3 , 4 , 5, 6 , 8 , 10 , 12 , 16 , 20 , 25 , 

32 , 40 and 50 

The modules 1.125,1.375, 1.75 , 2.25, 2.75, 3.5 , 4.5 ,5.5 , 7, 9, 11 , 14 , 18 , 22 , 28 , 36 and 

45 are of second choice. 

Note2:if D1 and D2 are pitch circle diameters of gears 1 and 2 then the velocity ratio is 

1

2

1

2

1

1

T

T

D

D

w

w


 

Design of spur gears: 

Sometimes, the spur gears (driver and driven) are to be designed for the given 

velocity ratio and the distance between the centers of their shafts.   
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Let     x – distance 

between the centers 

of two shafts          

           N1, N2 - speed of 

the driver and driven 

            T1, T2 – number 

of teeth of the driver 

and driven 

d1 , d2 – pitch circle 

diameter of the driver 

and the driven           

 
2

21 dd
x


           

And speed ratio or velocity ratio 

 
1

2

1

2

2

1

T

T

d

d

N

N
           

Systems of gear teeth: 

1. 14  1/20 composite system 

2. 14 1/20 full depth involute system 

3. 200 full depth involute system 

4. 200 stub involute system       (has a strong tooth to take a heavy loads) 

Standard proportions of gear systems: 

The following table shows the standard proportions in module (m) for the four 

gear systems 
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If  F is the maximum tooth pressure, then tangential force cosFFT           

                             and radial or normal force        sinFFN                                

                      

Torque exerted on the gear shaft  rFT T        

        r – radius of the pitch circle of the gear         
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Minimum number of teeth on the pinion 

 

 

 

 

Strength of gear teeth –Lewis Equation 

The maximum bending stress(working stress) at the section BC is : 
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   

k

x
pbS

pk

px
bSW

pkhpxtlet
h

tbS
W

tb

hW

tb

t
hW

S

facegearofwidthb

tb
I

tooththeoflinecentretheaboutinertiaofmomentI

t
y

tooththeofthicknessthehalfy

tooththeoflengthh

tooththeatactingloadngentialtaW

hWM

tionsecriticaltheatmomentbendingximummaM

I

yM
S

cW

c

c
WT

cc
W

T

T
T

W

T

T

W












































66

6

6

12

2

12

.

2

.

222

2

23

3
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ymbSypbSW

k

x
ylet

WcWT 






6

2

 

60

/

25.0
1

75.0

/20

6

6

/5.12
5.4

5.4

/5.12
3

3

0

0

ND
v

sminvelocitylinepitchv

gearsmetallicnonfor
v

smuptovelocitiesat

operatinggearsmetallicgroundandcutaccuratelyveryfor
v

smuptovelocitiesatoperatinggearscutcarefullyfor
v

smuptovelocitiesatoperatinggearscutordinaryfor
v

C

factorvelocityC

stressstaticallowableS

CSS

v

v

vW

































 

Design procedure for spur gears: 

1.tangential tooth load is obtained from the power transmitted and the pitch 

line velocity: 

factorserviceC

wattsindtransmittepowerP

newtonsinloadtoothgentialntaW

C
v

P
W

S

T

ST








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2.apply the Lewis equation as : 

 

factorformtoothy

systemstubfor
T

systeminvolutedepthfullfor
T

systeminvolutedepthfullandcopositefor
T

y

ymbCSymbSypbSW vWcWT











0

0

0
2

1

0

20
841.0

175.0

20
912.0

154.0

14
684.0

0124



       

3.find the static load WS: 

 ymbSypbSW cS  00       

WS  should be greater than WD  

4. for steady loads             Ws ≥  1.25 WD 

     For pulsating loads        Ws ≥ 1.35 WD 

     For shock loads              Ws ≥ 1.5  WD 
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Ex 1: 

Two parallel shafts, about 600 mm apart are to be connected by spur gears, 

one shaft is to run at 360 R.P.M , and the other at 120 R.P.M , design the gears 

if the circular pitch is to be 25 mm. 

Sol: 

1.113
25

900

7.37
25

300

90030033300
4

1200

12003

1200

2
600

2

3

3
120

360

2

2

1

1

121

11

21

21

21

12

1

2

2

1































c

c

P

d
T

P

d
T

mmddmmd

dd

dd

dd

dd
x

dd

d

d

N

N

 

The number of teeth on both gears should be in complete numbers, then for the first gear 

we take T1 = 38 

And the number of the second gear should be T2 = 3 × 38 = 114 

Now the exact pitch circle diameter of the first gear is 

mm
PT

d c 36.302
25381'

1 








 

And the exact pitch circle diameter of the second gear is 

 mm
PT

d c 1.907
251142'

2 







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Exact distance between the two shafts is 

mm
dd

x 73.604
2

1.90726.302

2

'

2

'

1' 





 

  

Ex2: 

A bronze spur pinion rotating at 600 R.P.M. drives a cast iron spur gear at a 

transmission ratio of 4 : 1 the allowable static stresses for the bronze pinion is 

48 MPs and for cast iron gear is 105 MPs. 

The pinion has 16 standard 200 full depth involute teeth of module 8 mm. the 

face width of both the gears is 90 mm. find the power that can be transmitted. 
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
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
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
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Ex3: 

A gear drive is required to transmit a maximum power of 22.5 KW. The velocity 

ratio is 1:2 and R.P.M of the pinion is 200. The centre distance between the 

shafts is 600 mm. the teeth has 200 stub involute profiles. The static stress for 
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the gear material may be taken as 60 MPs, and face width as 10 times the 

module. Find the module, face width and number of teeth on each gear. 

Sol: 

The centre distance   L = 600 mm                                                               

 
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P
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P

P
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P
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8081010
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......
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2.4

22500

1

108

0021.0175.0

400
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175.0

841.0
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400
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3

3
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/2.4
60

2004.0
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8.080040022

4.0400
5.1
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5.1
2

2

2
600

22
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


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






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
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
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
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






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Cams 

A cam is a rotating machine element which gives reciprocating or oscillating 

motion to another element known as follower . 

the cams are usually rotated at uniform speed by a shaft , but the follower 

motion is predetermined and will be according to the shape of the cam .  

the cams are widely used for operating the inlet and exhaust valves for internal 

combustion engines, automatic attachment of machineries, paper cutting 

machines, feed mechanism of automatic lathes etc..  

 

classification of cams 

1.radial or disc cam  
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2.cylindrical cam 
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Classification of the followers 

 

1.according to the surface in contact 

a. knife edge follower 

b. roller follower 

c. flat face follower 

d. spherical face follower 

2.according to the motion of the follower 

a. reciprocating follower 

b. oscillating follower 

3.according to the path of motion of the follower 

a. radial follower 

b. off-set follower 

 

 

 

 

terms used in radial cams 

1. base circle: it’s the smallest circle that can be drawn to the cam profile. 

2. trace point: it’s a reference point on the follower and it used to generate the 

pitch curve. 

3. pitch curve : it’s the curve generated by trace point as the follower moves 

relative to the cam. 
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4. pressure angle : it’s the angle between the direction of the follower motion 

and a normal to the pitch curve. 

5. pitch point :it’s a point on the pitch curve having the maximum pressure 

angle. 

6. prime circle : it’s the smallest circle that can be drawn from the center of the 

cam and tangent to the  pitch curve. 

7. stroke : it’s the maximum travel of the follower from its lowest position to 

the topmost position. 

  

            

Motion of the follower 

 

1. uniform velocity     2. simple harmonic motion       3. Uniform 

acceleration and retardation     and      4. Cycloidal motion 

Displacement, velocity and acceleration diagrams  when 

the follower moves with uniform velocity 
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Displacement, velocity and acceleration diagrams  when 

the follower moves with simple harmonic motion 

   

Let  S – stroke of the follower 

     Ro    - angular displacement of the cam during out stroke and return 

stroke of the follower in Radians                            

       - angular velocity of the cam in Rad/s 

      ot  - time required for the out stroke of the follower in seconds               
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   






o

o

o
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

          

The point which defines the motion of the follower on the cam moves at 

uniform speed round the circumference of a circle of diameter S in time 2to  
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














22
2

2

    

 Maximum acceleration of the follower on the outstroke 

 2

22

2

2

2

2

)
2

(
)(

o

op

po

S

S

S

OP

v
aa








   

Similarly, maximum velocity of the follower on the return stroke 

 𝑣𝑅 =
𝜋𝜔𝑆

2𝜃𝑅
 

Maximum acceleration of the follower on the return stroke 

   2

22

2 R

R

S
a




    
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Displacement, velocity and acceleration diagrams  when 

the follower moves with uniform acceleration and 

retardation 

 

Mean velocity of the follower during out stroke    
o

o
t

S
v 

 

  Mean velocity of the follower during return stroke   
R

R
t

S
v 

     

The maximum velocity of the follower is equal to twice mean velocity 
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The maximum velocity of the follower is reached after the time 
2

ot
 

during the out stroke  and  
2

Rt
 during the return stroke 

Maximum acceleration of the follower on the outstroke 

 2

24222

2
oooo

o

o

o

o

S

t

S

t

v

t

v
a








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

   

Similarly,  maximum acceleration of the follower on the return stroke 

 2

24

R

R

S
a





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Displacement, velocity and acceleration diagrams  when 

the follower moves with cycloidal motion 

  

Maximum velocity of the follower during out stroke is :       
o

o

S
v



2
    

Similarly, maximum velocity of the follower during return stroke is :

R

R

S
v



2
 
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  Maximum acceleration of the follower during out stroke is : 

 2

22

o

o

S
a




     

Similarly, maximum acceleration of the follower during 

 return stroke is :       𝑎𝑅 =
2𝜋𝜔2𝑆

(𝜃𝑅)
2

 

 

Design of cam 

 
The cam is forged as one piece with the camshaft. It is designed as discussed below : The diameter of camshaft 

(D) is taken empirically as D= 0.16 × Cylinder bore + 12.7 mm = 0.16 × 140 + 12.7 = 35.1 say 36 mm 
The base circle diameter is about 3 mm greater than the camshaft diameter. 

Base circle diameter = 36 + 3 = 39 say 40 mm 
The width of cam is taken equal to the width of roller, i.e. 14 mm. 
The width of cam (w) is also taken empirically as 
w = 0.09 × Cylinder bore + 6 mm = 0.09 × 140 +6 = 18.6 mm 
Let us take the width of cam as 18 mm. 

Now the *cam is drawn according to the procedure given below : 
First of all, the displacement diagram, as shown in Fig. 32.32, is drawn as discussed in the 

following steps : 

1. Draw a horizontal line ANM such that AN represents the angular displacement when valve 
opens (i.e. 53.5º) to some suitable scale. The line NM represents the angular displacement 
of the cam when valve closes (i.e. 53.5º). 
2. Divide AN and NM into any number of equal even parts (say six). 
3. Draw vertical lines through points 0, 1, 2, 3 etc. equal to the lift of valve i.e. 16 mm. 
4. Divide the vertical lines 3 – f and 3– f into six equal parts as shown by points a, b, c ... and 
a, b, c.... in Fig. 32.32. 
5. Since the valve moves with equal uniform acceleration and decleration for each half of the 
lift, therefore, valve displacement diagram for opening and closing of valve consists of 

double parabola. 

 

6. Join Aa, Ab , Ac intersecting the vertical lines through 1, 2, 3 at B, C, D respectively. 
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7. Join the points B, C, D with a smooth curve. This is the required parabola for the half of valve opening. 

Similarly other curves may be drawn as shown in Fig. 32.32. 
8. The curve A, B, C, ..., G, K, L, M is the required displacement diagram. Now the profile of the cam, as shown 

in Fig. 32.32, is drawn as discussed in the following steps: 
1. Draw a base circle with centre O and diameter equal 40 mm (radius = 40/2 = 20 mm)  
2. Draw a prime circle with centre O and radius, OA= Min. radius of cam +1 /2 
  

Diameter of roller = 20+1/2× 28  = 20 + 14 = 34 mm 

3. Draw angle AOG = 53.5º to represent opening of valve and angle GOM = 53.5º to represent closing of valve. 
4. Divide the angular displacement of the cam during opening and closing of the valve (i.e angle AOG and OM) 

into same number of equal even parts as in displacement diagram. 
5. Join the points 1, 2, 3, etc. with the centre O and produce the lines beyond prime circle as shown in Fig. 2.33. 
6. Set off points 1B, 2C, 3D, etc. equal to the displacements from displacement diagram. 
7. Join the points A, B, C, ...L, M, A. The curve drawn through these points is known as pitch curve. 
8. From the points A, B, C, ...K, L, draw circles of radius equal to the radius of the roller. 

 

9. Join the bottoms of the circle with a smooth curve as shown in Fig. 32.33. The is the required profile of cam. 

 

Ex 1: 

a cam is to give the following motion to a knife-edged follower : 

1.out stroke during 60o of cam rotation 

2.dwell for the next 30o of cam rotation 

3.return stroke during next 60o of cam rotation, and 

4.dwell for the remaining 210o of cam rotation 
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The stroke of the follower is 40 mm and the minimum radius of the cam is 50 

mm. the follower moves with uniform velocity during both the outstroke and 

return strokes. Draw the profile of the cam when( a) the axis of the follower 

passes through the axis of the cam shaft. (b) the axes of the follower is offset 

by 20 mm from the axis of cam shaft. 

 

 

Sol: 

 

 

 

 

 

 

 

 

 

(a)profile of the cam when the axis of follower passes through the axis of cam 

shaft 
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(b)profile of the cam when the axis of follower is offset by 20 mm from the axis 

of the cam shaft 

 



 

 

73 

 

 

Ex2: 

A cam is to be designed for a knife edge follower with following data: 

1.cam lift = 40 mm during 90o of cam rotation with simple harmonic 

motion. 

2.dwell for the next 30o.   

3.during the next 60o of cam rotation, the follower return to its 

original position with simple harmonic motion. 

4.dwell during the remaining 180o . 

Draw the profile of the cam when: 

(a)the line of stroke of the follower passes through the axis of cam 

shaft, and 

(b)the line of stroke is offset 20 mm from the axis of the cam shaft. 

The radius of the base circle of the cam is 40 mm. determine the maximum 

velocity and acceleration of the follower during its ascent and descent, if the 

cam rotates at 240 R.P.M. 

Sol: 
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(a) profile of cam: 

 

(b) profile of the cam with offset: 
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MAXIMUM VELOCITY OF THE FOLLOWER( during ascent and descent) 

𝜔 =
2𝜋𝑁

60
=
2𝜋 × 240

60
= 25.14𝑟𝑎𝑑/𝑠 

𝜃𝑜 = 90𝑜 =
𝜋

2
𝑟𝑎𝑑 = 1.571𝑟𝑎𝑑 

𝑣𝑜 =
𝜋𝜔𝑆

2𝜃𝑜
=
𝜋 × 25.14 × 0.04

2 × 1.571
= 1𝑚/𝑠 

𝜃𝑅 = 60𝑜 =
𝜋

3
𝑟𝑎𝑑 = 1.047𝑟𝑎𝑑 

𝑣𝑅 =
𝜋𝜔𝑆

2𝜃𝑅
=
𝜋 × 25.14 × 0.04

2 × 1.047
= 1.51𝑚/𝑠 

MAXIMUM ACCELERATION OF THE FOLLOWER( during ascent and descent) 

𝑎𝑜 =
𝜋2𝜔2𝑆

2(𝜃𝑂)
2
=
𝜋2 × (25.14)2 × 0.04

2 × (1.571)2
= 50.6𝑚/𝑠2 

𝑎𝑅 =
𝜋2𝜔2𝑆

2(𝜃𝑅)
2
=
𝜋2 × (25.14)2 × 0.04

2 × (1.047)2
= 113.8𝑚/𝑠2 
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