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Week No. 
                    Theoretical Subjects 

                          Subject Topics 

1 Review of Strength of Materials 

2-3 Riveted Joints 

4-5 Welded Joints 

6-7 Screwed Joints 

8-9 Keyed Joints 

10-11 Frictional Clutches 

12-13 Design of Springs 

14-15 Design of Belts 

16-17 Design of Shafts 

18-19 Design of Journal Bearings 

20 Selection of Ball Bearings 

21-22 Design of Gears by Lewis Equation  

23-24 Gears Trains 

25-26 Design of Simple Gears Box 

27-28 Worm Gears 

29-30 Cams 

 

References:- 

1- Strength of Materials by Ferdinal L. Singer. 

2- Strength of Materials by R.S. Khurmi. 

3- Machine Design by R.S. Khurmi, J.K. Gupta. 

4- Machine Design by Paul H. Black. 

5- Schaum's Outline Series of Machine Design by Hall, Holowenko, 

Laughin . 

 أسم المادة                السنة الدراسية   الساعات الأسبوعية        

 نظري عملي المجموع
 (Machine Parts)أجزاء المكائن   الثانية        

     3 ---------       3 

 عليم العالي و البحث العلميوزارة الت

 هيئة التعليم التقني

 التخصصات التكنولوجية

                         الميكانيك                                                              تاينقت / القسم

 
 

اء بعض الحسابات بعضها و أجر : المام الطالب بوظيفة أجزاء المكائن و علاقتها معهدف المادة

     الأجزاء وتحديد تأثير كافة العوامل المؤشر عليها التصميمية لهذه
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Riveted Joints 

Rivet is a short cylinder bar with a head integral to it, as shown in fig (1). The 

rivets are used to make permanent fasting between the plates such structural 

work , ship building ,tanks and boiler shell . 

*The function of rivets in a joint is to make a connection that has strength and 

tightness. 

*The material of the rivets must be tough and ductile. They are made of low 

carbon steel ,brass , aluminum or copper. 

 

Types of Riveted Joints  :- 

1- Lap joint:- a lap joint is that in which one 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 and a cover plate (strap) is placed 

either on one side or on both sides of the main plates. 

The cover plate is then riveted together with the main plates. There are 

two types of the butt joint:- 

1- Single strap butt joint. 

2- Double strap butt joint. 

 
Design of Riveted Joint :- 

1- Tearing of the plate 
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 = safe permissible tensile for the plate. 

=tensile force ,p=pitch of the rivets, =tearing force, 

d=rivet diameter hole, t=plate thickness , n= number of rivets per pitch 

length. 

 
 

 

2- Shearing of the rivets 

 

 ( In single shear) 

 

      ( in double strap) 

 

  
  

3- Crushing of the rivets 

 

 

 

 Shear force 

= Safe permissible shear stress 
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    Crushing force 

Safe permissible crushing stress for the rivet. 

      Crushing Area 

 

 

 

 

 

 

 

 

 

 

 

 

 

Efficiency of  a riveted joint:- 

 
Where:- 

 
P=pitch of the rivet. 

=permissible tensile stress of the plate material. 

Design Procedure of Rivets Joints:- 

To calculate the diameter of the rivets:- 

a-IF t  then  

b- IF t  mm then  

To calculate pitch (p) 

 
 

 

To Calculate the distance between the edge of the plate and center of rivet 

(c). 

 

 



 

[5] 

 

 
  

To calculate the cover of butt joints. 

  ( for single butt strap) 

(for double butt strap when ) 

 

 

Exp1:- A double riveted lap joint is made from 15mm thickness .The rivet 

diameter and pitch are 25mm and 75mm respectively. If the ultimate stresses 

are 400 N/mm2 in tensile and 320N/mm2 in shear and 640N/mm2 in crushing, 

Find the minimum force per pitch which will rupture the joint also find the 

efficiency of the rivet? 

Solution:- 

t=15mm,d=25mm,p=75mm, N/mm2, N/mm2 

=640N/mm2 
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Exp2:- A double riveted cover butt joint in plates 20mm thickness made with 

25mm diameter rivets at 100 mm pitch. The permissible stresses are 

tension=120 N/mm2, N/mm2 and crushing =150 N/mm2.Find 

the efficiency of joint ,taking the strength of the rivet in double shear as twice 

than that of single shear? 

Solution:-  

t=20mm,d=25mm,p=100mm, N/mm2, N/mm2 

=150N/mm2 

 

 

    

  

     

        

        

 

 

 

 

180 000 N 
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Screwed Joints 

Design equation :- 

 

Fi = 2840 × d 

F  = Fi + K × Fe 

dc = 0.84 × d 

 

M16 × 2 

d = 16mm 

p = 2mm 

 

d = Major (nominal) diameter mm. 

dp = pitch diameter mm. 

dc = Minor diameter (mm). 

Fi = Initial tension force in bolt (N). 

Fe =external load on bolt (N). 

F = Resultant axial load on bolt (N). 

K = Constant  

 

 قانون العزم …… 

Ex. 1:- 

An eye bolt is to be used for lifting a load of 60 kN. Find the nominal 

diameter of the bolt if the tensile stress is not exceeding (100N/mm2). 

 

Solution :- F 

T = F × r 

 

 تمثيل نظام عالمي
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Ex. 2:- 

Tow shaft are connect by of flange coupling to transmit torque of 

(280Kg.Cm). The flange of coupling is fastened by four bolt at radius 

of (4Cm). Design the bolt if allowable shear stress (100Kg/Cm2). 

 

Solution:- 
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Ex. 3:- 

A single plate clutch transmits (15 kW) at (1200 r.p.m). The clutch has 

(4 bolts) placed at (120mm), pitch circle diameter. Determine the 

suitable diameter of bolts if shear stress of bolt is (14 MN/m2). 

 

Solution :- 

 

2

1000

2
15000( . / sec) ( . ) 1200 ( / sec)

60

2 3.14
15000 1200

60

15000 125.6

15000

125.6

119.3 .

120

2119.3
1000

119.3

0.06

1988.3

( )

4

4 1988.3

4 3.14

Watt

s

s

s

s

s

c

c

kW W

P T

N m T N m rad

T

T

T

T N m

T F r

F

F

F N

F

d
n

d








 

 

  


  

 





 

 













 
6.72

14

0.84

6.72
8 .

0.84

mm

dc
d

d mm





 

 

 

 

 



 

[19] 

 

Keyed Joints 

A key is a piece of mild steel inserted between the shaft and hub or boss of the 

pulley to connect these together in order to prevent relative motion between 

them. 

Types of Keys:- 

1- Sunk keys 

2- Saddle keys 

3- Tangent keys 

4- Round keys 

5- Splines 

Sunk keys: 

Types of sunk keys:- 

a- Rectangular Sunk Key 

 

 

 
b- Square Sunk Key 

 
c- Parallel Sunk Key: It may be  rectangular or square section but without 

taper (taperless) 

 

 

d- Gib-head Key 

    ,   
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e- Woodruff Key  

 

  

Design of Sunk Key:- 
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 -للحصول: 3و  2نساوي المعادلتين

 

 
 -من علاقة عزم الالتواء مع أجهاد القص نحصل:

 

 

 

 -لنحصل على : العلاقة  5نعوض في المعادلة

(for Shearing Stress) 

 -كالاتي: 4و  3نساوي المعادلتين 

 

 
 

 

 

Exp1:-Design the rectangular key for shaft of 50mm diameter . The shearing 

and crushing stresses for key materials are 42 Mpa and 70 Mpa. 

Solution:- d=50mm.  N/mm2, N/mm2 

For rectangular key: 

 

 

 
 (for shearing stress length) 
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Exp2:- A 15kW ,960 rpm motor has a mild steel shaft of 40 mm diameter and 

the extension being 75 mm . The permissible shear and crushing stresses for 

mild steel key are 56 Mpa and 112 Mpa . Design the keyway in the motor 

shaft extension. 

Solution:-  P= 15  , N=960 rpm ,d=40mm, l=75 mm, 

N/mm2,  N/mm2. 

 

 

 

=56  

 

 

 

 
t=10 mm 
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Frictional Clutches  

 

Types of clutches :- 

1. Disc clutch (single or multiple). 

a. Single disc clutch. 

 

 

 
 

 

P : pressure. 

W: Thrust axial load. 

Ro , Ri : External & internal radius. 

r : Mean radius of fraction surface. 

 

2 2
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with uniform wear )ضغط بلى  )متماثل 
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b. Multiple disc clutch. 

In case of a multiple disc clutch let (n). The number of 

pairs of contact surface. 

 

 
 

 

 

 

T = n .  . w . r 

N = n1 + n2 – 1 

 

T : Torque transmitted be clutch. 

n : number of pairs of contact surface. 

n1 : number of discs on the driving shaft. 

n2 : number of discs on the driven shaft. 

 

2. Cone clutch. 
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Ex. 1:- 

A multi-disc clutch has three disc on the driving shaft and tow 

on the driven shaft, The out side radius of the contact surface is 

130 mm. and in side radius is 70 mm. assume the uniform ware 

and the coefficient of fraction is (0.1). Find the thrust force for 

the transmitting 5 k Watt for angular velocity  100 rad/sec. 

 

Data :- 

Ro = 130mm. Ri = 70mm.  = 0.1 

w = ? P = 5×103 watt  = 100 rad/sec. 

 

Solution :- 
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Ex. 2:- 

Design a clutch to transmit 10kW at 1000 r.p.m. The ratio between the 

outside and inside radius of the contact surfaces is 2, The coefficient of 

the fraction is 0.3 and thrust force is 500N. 

 

Solution:- 
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Ex. 3:- 

A clutch having two pairs plate is required to transmit 110kW at  

1250 r.p.m. The outer diameter of the contact surface is to be 300mm. 

The coefficient of fraction is (0.4). Assume a uniform pressure of  

(0.17 N/mm2), determine the inner diameter of the fractions surfaces. 

 

Solution: 
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Belts Design 

 

1. Types of belts :- 

a. Flat belts :- السير العدل يستخدم لنقل القدرات الواطئة لمسافات كبيرة  

 

 
 

b. V – belts :- هذا السير يستخدم لنقل القدرات العالية ولمسافات قصيرة  

 

 
 

c. Circle belts :- السير الدائري يستخدم لنقل القدرات الواطئة ولمسافات قليلة  
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2. Velocity ratio :- 

ν = w × r (m / sec.)  

 

W1 = Speed of driver 

W2 = Speed of driven 

r = radius 

 

W1 
= 

r2 

W2 r2 

 

W1 
= 

d2 

W2 d2 

 

W1 
× 

W2 
× 

W3 
= 

d2 
× 

d3 
× 

d4 

W2 W3 W4 d1 d2 d3 

 

  

 

W1 
= 

d4 

W4 d1 
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3. Length of belt :- 

 

a. Cross b. Open 
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L = belt length. 

r1,r2 = radius of pulleys. 

α = contact angle between belt & pulley. 

χ = distance between the center of tow pulleys. 

 

 

4. Ratio of tensions :- 
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T
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T1 = tension in belt in tight side. 

T2 = tension in belt in slack side. 
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For V – belt :- 
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5. Power transmitted by belt :- 
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ν = velocity m/s  السرعة  

P = Power  القدرة بالواط  
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Ex. 2:- 

A compressor required 25 h.p. is turn at 250 r.p.m. the drive is by motor 

running at 750 r.p.m. The diameter of the pulley on the compressor shaft is 

(1m) while the center distance between the pulleys is 1.75 m. Determine the 

number of V-belts required to transmit the power if the tension on tight side is 

(66.6 kg) the groove angle of the pulley is 
35

2
 and  = 0.25. 

Solution :- 
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Design Of Shaft 

 

1. Stresses :- 

a. Normal stresses (σ) 

b. Shear stresses (τ) 

 



 

[34] 

 

 

 
 

 

3

32

...... (1)

b

Combined

F

A

BM

Zb

Zb d

F BM

A Zb













 

   

 

 

 
 

4

64

2

b

b

BM

I y

BM y

I

I d

d
y












 



 

 

σ Combined الإجهاد الاعتيادي الكلي 
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a. Normal stresses (σ) 
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τ Total إجهاد القص الكلي 

τ tr )إجهاد القص الاعتيادي )المستعرض 

τ t  إجهاد القص المصاحب لعزم الـTorsional shear stress 

τ Comparison  إجهاد قص المقارنة 

τ Total إجهاد القص الكلي 

 

b. Shear stresses (τ) 
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Shear Stress 
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Shear Stress  
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Ex. 1:- 

A solid shaft is transmitting 1MW 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 allowable shear stress  

as 60 MPa. 

Data:- 

P =1×106 watt ω = 240 r.p.m. τ max = 60N/mm2 

 

Solution:- 

 

2 2

2

2

3

6

.

.

..... (1)

2

16

60

2

1 10 60
39788 .

2 3.14 240

1.2

39788 1.2 47745.6 .

Combind

Total tr t

Combind

Comparsion Total

Comparsion Total

Mean

Mean

Max Mean

Max

Co

F BM

A Zb

T T

Zt d

P T

P
T

T N M

T T

T N M



  


 

 




 



  

 

 

  


 






 
  

 

 

   

.

3

3

3

3

3

16

16 47745.6 10
60

3.14

16 47745.6 10
160

3.14 60

Max
mparsion

T

d

d

d mm








 




 
 


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Ex. 2:- 

A line shaft is driven by means of motor placed vertically below it . The 

pulley on the line shaft is (1.5m) in diameter and has belt tension (5.4 

kN) and (1.8kN) on the tight side and slack side of the belt respectively 

. Both these tensions may be assumed vertical. If the pulley be overhang 

from the shaft , The distance of the center line of the pulley from the 

center line of the bearing being (400mm). Find the diameter of the shaft 

. Assuming maximum allowable shear stress of (42 N/mm2). 

 

   
 

 
 

Solution:- 

Torque transmitted by the shaft 

1 2( )

1.5
0.75

2

(5400 1800) 0.75 2700 . 2700.000 .

T T T R

R m

T N M N MM

  

  

     
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Total vertical load )إهمال الوزن(  

1 2

2 2

2

2

3

5400 1800 7200

7200 400 2880.000 .

..... (1)

..... (2)

...... (3)
2

32 2880.000
..... (1)

Combined

Total tr t

Combind
Comparison Total

Combined

Total

W T T

W N

BM W L

BM N mm

F BM

A Zb

d

F

A



  


 






 

   

 

   

  

  

 
   

 


  








2 2

2 2

2 3

2 2 2

3 2 3

7200 4 2700.000 16
..... (2)

32 2880.000 7200 4 2700.000 16
42

2

Total

Comparsion

T

Zt

d d

d d d


 


  

  
   

  

    
     

    

       
        

        

 

 

By trial and error we get : 

If d = 80 mm. 

42 ≠ 39 

If d = 78 mm. 
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Ex. 3:- 

Solve exp.(1) , If a hallow shaft is to be used in place of solid  

shaft . The ratio of inside to outside diameter is (0.5). 

 

 
Solution:- 

2
4

3

3 4

3

(1 )
16

16 47745.6 10
60

(1 0.5)

763929600

11.775

401.8

0.5

200

Comparison Total t

Comparison

o

o

o

o

i o

i

T

Zt

T

d
K

d

d

d

d d

d mm

  






  




 

 








 

 
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Design of Journal Bearing 

 

Data should be given :- 

1. Type of machine. 

a. Shaft diameter. 

b. speed of shaft. 

c. Load. 

 

2. Data should be selected :- 

a. Type of oil. 

b. Operating temperature of oil. 

 

3. Outer data :- 

a. Bearing length. 

b. Bearing diameter. 

 

 Design procedure :- 

1. From table with the type of machine choosing (L/d). 

2. From point (1) with the value of (d) find bearing length (L). 

3. Check the value of bearing length (L) from the following point:- 

a. Determine the bearing pressure from the following equation : 

 

Pr

Load

essure

Length Diameter

W
P

L d


  

 

b. If the value of bearing pressure in point (a) with in the range 

of values of bearing pressure in table, then the procedure is 

ok. If no try to choose another (L/d) in point (1). 
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4. From table with the lubricant oil and its operating temperature, get 

the value of viscosity (Z). 

5. Calculate the value of 
ZN

P
 

6. 
Cal

ZN

P

 
 
 

 should be larger than 
.

1

3 tab

ZN

P

 
 
 

 

.cal

ZN
K

P

 
 

 
 

where K = modulus of bearing 

 K = 
.

1

3 tab

ZN

P

 
 
 

 

7. If equation in step (6) is ok, find the value of (c/d) from table, then 

find the clearance (c)  

d bearing = d shaft + 2c 

if equation in step (6) is not ok, then go to step (4) to change the 

type of oil and its operating temperature. 
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Ex. 1:- 

Design a journal bearing for a generator from the following data :- 

1. Load on the journal = 1500 Kg. 

2. Diameter of the shaft = 10 Cm. 

3. Speed = 1000 r.p.m. 

4. Type of oil = SAE 10 

 

Solution:- 

2

1. 1.5

2. 1.5

1.5 10 15

1500
3. 10

15 10

(7 14) / ... .

shaft

L

d

L d

L Cm

W
P Kg Since the bearing pressure in table

L d

Kg Cm therefore it is save

 

  

    

          
 

      

.

.

.

4. 10 & 50

21

21 1000
5. 2100

10

6. 2800

2800
933.3

3

7. 2100 9

cal

tab

cal

SAE assume t C

then Z centi poise

P

ZN
from table

P

K

ZN
Since is more than K

P

       

    

  
   

 

 
    

 

  

 
        

 
33.3 ..... .

/ 0.0013

0.0013 10 0.013

2bearing shaft

therefore it is save

C d

C

d d C

Cm

    

 

   

  

   
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Ex. 2:- 

Design a journal bearing for four stork, main bearing from the following 

:- 

Data:- 

1. Load on the journal = 1800 Kg 

2. Diameter of the shaft = 7 Cm. 

3. Speed of the journal = 3600 r.p.m. 

 

Solution:- 

1. / 1

2. 1 1
7

1800
3. 36.7 /

7 7

(50 85) ... .

1.

L d

L L

d

W
P Kg Cm Since the bearing pressure in table

L d

Kg therfore it is not save

 

   

           
 

        



2

/ 0.6

2. 0.6 4.2 .
7

1800
3. 61.22 / ....

4.2 7

4. 30 & 50 48 centipoises

ZN 48 3600
5. 2822.6

P 61.22

6.

cal

Let L d

L
L Cm

W
P Kg Cm Therefore it is save

L d

SAE assume t C then Z

Fro

 

    

         
 

          

 
   

 

 280

1
280 93.3

3

7.

0.001

0.001 7 0.007

2

7 2 0.007 7.014 .

cal

bearing shaft

ZN
m table

P

K

ZN
Since K therefore it is save

p

C

d

C

d d C

Cm

  

   

 
       

 

 

   

  

    
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Selection of Ball Bearings 

Design Procedure :- 

The following data are known 

1- Radial load (R). 

2- Thrust load (T). 

3- Speed of Shaft (N). 

4- Desired life of bearing (L). 

5- Departure. 

 

1-Determine the rated radial load (C) from the following equation :- 

 

Where  

F= Thrust factor. 

Fs= Speed factor. 

 = Life factor 

Q=2280 for NDur 300 

   = 4560 for NDur 600 

2- By using rated radial load, the bearing number(basic number ) may be 

selected from tables 

3- By using the bearing number, the dimensions of ball bearing are known 

from table. 

 

 

 

 

Exp1:- 

Select a ball bearing with the following data:- 

R=250 Ib , T = 50 Ib ,N= 3600 rpm , L= 16000 Hr, NDur 300 

1- 

                                   

From table with T/R=50/250=0.2 get F = 1.06 

From table with N=3600 get Fs = 0.726 
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Therefore  

 
 

2-From table use radial load 635,then bearing number is 3204. 

3- From table use bearing number 3204 the  

Bore=20 mm 

Diameter = 47 mm 

Width = 14 mm 

Balls Dia.= 5/16 in 

Balls No. = 8 

Radius = 0.04 mm 

 

 

 

Exp1:- 

Select a ball bearing with the following data:- 

R=400 Ib , T = 200 Ib ,N= 1000 rpm , L= 20000 Hr, NDur 600 

1- 

                                   

From table with T/R=200/400=0.5 get F = 1.28 

From table with N=1000 get Fs = 1 

Therefore  

 
 

2-From table use radial load 1010, then bearing number is 3304. 

3- From table use bearing number 3304 the  

Bore=20 mm 

Diameter = 52 mm 

Width = 15 mm 

Balls Dia.= 13/32 in 

Balls No. = 7 

Radius = 0.04 mm 
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T and h are variable depending upon the size of the tooth (i.e Circular Pitch) 

t=xpc 

h=Kp 

Where x and K are constants. 

 

 ,  

 

 

 

y= Lewis Factor 

 

 
Notes:- 

 

                                    Lewis Equation 

 

 

 

 

 

 

 
 

        Lewis Equation 

        Lewis Equation 
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 , m=  ,  

 

 

 

 

 

 

 

 

Exp:- For reciprocating compressor is to be connected to an electric motor 

with the help of spur gears . The distance between the shafts is to be (400 mm) 

. The speed of the electric motor is (360 rpm) and the speed of the compressor 

shaft is desired to be (120 rpm).Using the following data to design the gear :-                                                                            

1- The torque to be transmitted = 2000 N.m 

2- Service Factor = 1.25 

3- Allowable Stress for large gear ( =140 N/mm2 

4- Allowable stress for small gear ( )= 170 N/mm2 

 

   

 

 

 --------------------(1) 

 

      , Cv=      

  Cv =Velocity Factor (V m/sec ) 

b=10 m 

Gear (compressor) 

N2=120 rpm                2 

σag=140 N/mm2 

                pinion (motor) 

1              N1=360rpm 

              σap=170N/mm2 
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d1=200 

d2=600 

 
Since ( σ ag ˂ σap) ……..therefore the design should be based upon the 

gear. 

 

 
V=3.768 m/sec 

Cv=  =  

 

 
b=(9.5-12.5)m 

let b= 10 m 

           m=  ,     

 

 

 

8333.3=62.02  

By trial and error we get:- 

m  

b=10m=50mm 

m= T1= T2=  

Exp2:- A bronze spur pinion (Sa=83Mn/m2)rotating at 600 rpm drives a 

cast steel spur gear (Sa=103 Mn/m2) at a transmission ratio of 4 to 1 . 
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The pinion has 16 standard full depth involute teeth of 8 module. 

The face width of both gears is 90 mm . How much power can be 

transmitted from the standpoint of strength? 

                                                                                             Machine 

Design 

                                                                                                         Schaum,s 

Series 

                                                                                                                   P.229  

 

P? 

 

 

 

 

  

Solution :- Sag=103,Sap=83,N1=600,T1=16,Φ= ,m=8,b=90 . 

Since Sap˂ Sag therefore the the design should be based upon the pinion. 

  

 

 

 

 

 

 

 

 

 

Cv=  =  

 
 

2                                                    

         1      
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        = 0.154 –  

= 35.47  

      = 778204 N 

 
     = 7782.4  

     = 31285.2 Watt 

     = 31.28 kW 

Exp3:- A spur pinion of cast steel (σa=140 MN/m2) is to drive a spur 

gear of cast iron (σa= 55 MN/m2) . The transmission ratio is to be 

The diameter of the pinion is to be 105 mm and 20kW will be 

transmitted at 900rpm of the pinion. The teeth are to be full depth 

involute from. Design for the greatest number of teeth. Determine the 

necessary module and face width of gear for strength only.                                

Machine Design                                                                           

                                                                                                         

Schaum,s Series 

                                                                                                                   

P.229  

         Solution :- σag=55,σap=140,d1=105,N1=900,P=20kW,Φ= . 

 

Since σag˂ σap therefore the the design should be based upon the gear. 

  

 
 

2                                                    

         1      
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N2=385.769 

P=Tω 

20 000 = T  

T=495.078 N.m 

 

 

 

 

 

 

 

 

 

 

Cv=  =  

 

                    

            

 

4042.03=20.76  

By trial and error get 

m  
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m=  

T1=  

T2= =33 

b=10m 

  = 10×7 

  =70 mm 

 

 

 

 

  

 

 

 

Type of gear train :- 

 

1. Simple gear train.         البسيط 

 

 

 

1 2

2 1

2 2

3 3

31 2 2

2 3 1 2

31

3 1

.......... 1

.......... 2

.......... 3

N T

N T

N T

N T

TN N T

N N T T

TN

N T

  

 

  

  

 

 

2. Compound gear train. المركب 
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 

 

 

1 2

2 1

3 4

4 3

2 3

31 2 4

2 4 1 3

1 2 4

4 1 3

34 1

1 2 4

31
4 1

2 4

.......... 1

.......... 2

.......... 3

N T

N T

N T

N T

N N

NN T T

N N T T

N T T

N T T

TN T

N T T

TT
N N

T T

  

  



  

 

 

    
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3. Reverted gear train    المعكوس 

 
4. Epicycle train.     شمسي وقمري 
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Ex.1 :- 

T = 20 

N = 1000 

m = 6 

fine = C  

 

1 2 4

4 1 3

4

1.

1000 20

N T T

N T T

N


 



 

1

30
1

20
1

60
2

4

1 2 3 4

1 1

2 2

3 3

4 4

1 2 3 4

2000 . .

2.

3.

6 20 120

6 20 120

6 60 360

6 30 180

60 60 180 90 390

N r p m

a same direction

C r r r r

D m T mm

D m T mm

D m T mm

D m T mm

C r r r r

C mm

  

  

    

     

     

     

     

    

     
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Ex.2 :- 

Design Gear 

N = 1000 

m = 6 

 

6 40 240

402 120

402 120

282

2

564

564
94

6

94
6

564

D

D

D

D

D D

D

D

D

D

D D

D

D

D

D

D
D

D

D

D
m

T

D
m

T

D
m

T

C r r

D m r

D

r

r

r

D r

D

D
T

m

T

D
m

T

D
T

m

D

D















 

 

  

 

 



 





 








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Ex.3 :- 

m = 5 

N = 1000 

find T3 , C 

 

1 2 3 4

3

3

1 2 4

4 1 3

3 1

4
2 4

4

1 2

1

2 2

1.

40 60 20

100 20 80

1000 60 20 3

40 80 8

2666.6 . .

2.

3.

5 40 200

r

T T T T

T

T

N T T

N T T

N

N r p m

a same direction

C r r

D m T

mm

D m T

mm

   

   

   


 




  



  

  

  

  

  

  

   

 100 150 250C mm   
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Exp:- 

Design a worm gear from the following data:- 
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1- Velocity ratio (r) = 14 

2- Approximately center distance = 6 in 

Solution :- 

1- From worm-gear design curves with r= 14 get :- 

λ=22° , C/L= 2.83 

2- Therefore 

 =2.83 

 

 =2.83 

 

= 2.12 in 

 

4-  p=L/n 

Where n= No. of threads 

Let n=3 

       p=   

The nearest standard pitch is 0.75 in , then 

5- 

     p= L/n 

     L= 3 *0.75= 2.25 

 

     L=  

     09 in 

 
     C/Lo=2.83 

      C=2.83* 2.09 = 5.91 in 

 

     d=       

 

C =  

 
 

= L -3 
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Cams 

 

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

motion to another element known as follower. 

 

 
 

Type of cams:- 

 

1. Disc cams : 

The follower moves in the direction perpendicular to the cam axis. 

 

 
 

Cylindrical cams : 

The follower moves in the direction parallel to the cam axis. 
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Ex.1:- 

For S = 3mm.  θ = 150  speed = 100 rad/sec.  Find d , v and 

f  β = 50 and 90 . 

 

Solution:- 

2 2

2 2

2 2

2
2

2 2

2

2

2

2

50 0
2

2 2 30 (50)
6.66 .

(150)

180
4 30 100 50

4
1527.8 .

(150)

4 30 )
4

175260.6 .
(150)

90
2

4 2
1

4 90 2 (90)
30 1

150 (150)

For

S
d mm

S
v mm

S
f mm

For

d S

d


 





 


 



  

 

 

    

 
  

   

  


 

 

    

 
   

 

  
  

2

0.72

4
1

180
4 30 100

90
1 183 .

150 150

175260.6 ./ sec

S
v

v mm

t mm

 

 




 

 

 
  

 

 
 

   
 

 
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Ex.2 :- 

The exhaust valve of a four stroke engine is operated by a cam designed 

to give a uniform acceleration and retardation motion (UARM). If the 

valve stroke 22mm. during 54 of cam rotation. 

Find distance, velocity and acceleration of the valve for the angle of 

cam (β) of 0 , 20 and 54. Using speed of cam s 

 

 

 

 


