




































































 Department of Machines and Equipments                     Date: Wednesday 25/1/2012 
  All Branches                                                                      Time: 2 hours 

Third Class                                                                        First Course Exam   

Questions Only UThreeUAnswer  
Assume missing data, Give your opinion about results 

 

Q1: The figure shows a flange coupling to transmit torque from one shaft to another. 

UDataU:                                                                                     

Shear stress for shaft, bolt, key& Flange = 40 Mpa. 

Bearing stress between any two parts = 80 Mpa.                                

The torque transmitted = 250 N.m.                                 

URequirements: 

1) Find shaft diameter (d). 

2) Find bolt diameter (dR1R). 

3) Find thickness of flange (tRfR). 

4) Find Dimensions of the key.                                                                 

5) Draw section y-y showing all details. 

UNote:U                                                                                           

Size of diameter (d) up to 40 mm up to 100 mm up to 180 mm 
Number of bolts 3 4 6 

 

 

UQ2:U A bench shearing machine as shown in figure is used to shear a mild steel bars 

of (5 mm x 3 mm). The ultimate shearing strength of the mild steel is 400 Mpa. 

The permissible tensile stress for pins, links and lever is 80 Mpa. The allowable 

bearing pressure between any two parts may be taken as 20 N/mmP

2
P.  

URequirementsU: Design the pins at (L, M and N) and draw section (x-x). 

UNote:U Neglect the horizontal forces on each part in the system. 
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Q3: Join the two main plate shown in figure below: (answer both branches) 

A) By using the welding, find the width (b) if you weld: 

i) The main plates directly (butt join). 

ii) The main plates with two cover plates (fillet join). 

Draw the section of front view to see the weld connection in the two cases. 

B) By using rivets: 

Find the suitable number of rivets by using shearing or bearing stresses if the dia. of 

rivet = 25mm. Then use the number of rivets you found to find the suitable width of 

plates (b), and draw the top view to show the orientation of the rivets. 

Note: put the rivets onto the plates as you seen it advisable. 

Data:  𝒗 = 1 

𝒗𝟐)𝒇𝒊𝒍𝒍𝒆𝒕= 0.65  

𝒗𝟐)𝒃𝒖𝒕𝒕= 0.75 

𝝉𝒂𝒍𝒍 = 34 Mpa 

𝝈𝒂𝒍𝒍= 68 Mpa 

𝝈𝒃𝒆𝒂𝒓𝒊𝒏𝒈 = 80 Mpa 
 

 

Q4: The figure below shows  run wheel on a rope to transport material from 

mountain stations. The run wheel supported by two tapered roller bearings, at point A 

& B; which are supported between axle and run wheel. 

Data: 

Distance between the two tapered roller bearings = 95 mm. 

Diameter of the run wheel = 250 mm. 

Radial load on the run wheel (Pr) = 8000 N. 

Axial load on the run wheel (Pa) = 1600 N. 

Speed of run wheel = 270 rpm. 

Requirements: 

1) Find RA and RB. 

2) Find life of taper bearing A and B. 

3) Draw the dotted area showing all details a specially  

how you fixing the outer and inner races of the taper bearings. 
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UQ1:U Figure (1) shows how the torque transmitted from spur gears to the 

chain. Torque transmitted through pinion (F) = 100 N.m, Rotational 

speed of pinion (F) = 950 rpm. Maximum torsional stress for shaft 

(EG),    τRmaxR= 30 Mpa, Ф = pressure angle 20P

o
P full depth, SRoR for pinion 

(F) = 140 MN/mP

2
P, SRoR for gear (C) = 55 MN/mP

2
P. 

Assume capacity of bearing (E) and (G), C = 10000 N, fRn R= fRtR = x = 1. 

A) Choose UOne U branch only: 

1) Find the diameter of shaft (EG) and find the life factor for bearing 

(E) or (G)?                                (12 marks)  

2) Find proper module, proper number of teeth and face width of 

spur gears for strength only ( Note: no less than 15 teeth are to be 

used on either gears)?                 (12 marks)    

B) Draw section for shaft EG, spur gear F and bearings showing how 

you are fixing all parts in detail.        (5 marks) 

 
Standard modules are: 1,2,3,3.5,4,4.5,5,5.5,6,7,8,9,10. 

Number of 
Teeth 

15 16 17 18 19 20 21 23 25 27 30 34 38 43 50 60 75 100 

20P

o
PFull 

depth 
0.092 0.094 0.096 0.98 0.100 0.102 0.104 0.106 0.108 0.111 0.114 0.118 0.122 0.126 0.130 0.134 0.138 0.142 

 

 

80mm 
 

120mm 
 

240mm 
 

160mm 
 

120mm 
 

250mm 
 

30mm 
 

T=100 N.m 

80mm 80mm Spur Gear 

Chain 

Figure (1) 

n=950 rpm 

Chain 



 
 
 

 

Q2: Figure (2) shows flexible coupling and Figure (3) shows the 

driving and driven discs. 

Number of driving discs = 3,               Number of driven discs = 2 

Power transmitted = 35 KW,              Speed = 1000 rpm 

Outer rad. of disc plate = 260 mm,     Inner rad. of disc plate = 150 mm 

Number of springs = 6 ,                      Spring index C = 6 

Permissible uniform pressure on lining material = 0.07 N/mm2 

Coefficient of friction of lining material = 0.15 

Stress concentration factor in spring = 
𝟒𝐂−𝟏
𝟒𝐂−𝟒

+ 𝟎.𝟔𝟏𝟓
𝐂

  

Permissible stress in spring steel = 420 Mpa 

Modulus of rigidity of spring steel = 84 KN/mm2 

Compression of spring to keep it engaged = 12.5 mm 

Requirements: 

1) Find spring Diameter?                  (9 marks) 

2) Find number of active coils?        (3 marks) 

3) Draw section x-x?                         (5 marks) 

 

 

 
 

 

 

 

 

 

 

             

           Figure (3)                                                  Figure (2) 

 
 



 

 

 

Q3: A vertical square threads screw of a 70 mm mean diameter and  10 

mm pitch supports a vertical load of 50 kN. It passes through the boss of 

a spur gear wheel of 70 teeth which acts as a nut. In order to raise the 

load, the spur gear wheel is turned by means of a pinion having 20 teeth. 

The mechanical efficiency of pinion and gear wheel drive is 90%. The 

axial thrust on the screw is taken up by a collar bearing having a mean 

radius of 100 mm. the coefficient of friction for the screw and nut is 

0.15 and that for collar bearing is 0.12. 

Requirements: 

1) Torque to be applied to the pinion shafts?                            (6 marks)       

2) Maximum shear stress in the screw?                                 (3 marks)             

3) Height of nut, if bearing pressure is limited to 12 N/mm2?(3 marks) 

4) Draw a complete construction of whole system?               (5 marks) 
 

 

Q4: A steam engine of effective diameter 300 mm is subjected to a 

steam pressure of 1.5 N/mm2. The cylinder head is connected by 8 bolts 

having a yield point 330 Mpa and endurance limit at 240 Mpa. The 

bolts are tightened with an initial load of 1.5 times the steam load. A 

soft copper gasket is used between cover and cylinder. Assuming factor 

of safety is 2 and equivalent stiffness K = 0.5. 

Requirements: 

1) Find the size of bolt?                                   (9 marks) 

2) Find the thickness of cylinder.                     (3 marks) 

3) Draw a section of the whole system, showing all parts, i.e. 

cylinder, cover, bolts, and static seals?        (5 marks) 
 

 

 

 



 

 
 

Gear: Lewis Equation = 𝒔𝒃𝑷𝒄𝒚       

𝒔 = 𝒔𝒐 �
𝟑

𝟑+𝑽
�             for V less than 10 m/s 

𝒔 = 𝒔𝒐 �
𝟔

𝟔+𝑽
�             for V 10 to 20 m/s 

𝒔 = 𝒔𝒐 �
𝟓.𝟔

𝟓.𝟔+√𝑽
�         for V greater than 20 m/s  

    

Clutch:      𝑻 = µ.𝑭𝒏. 𝒓 

Uniform pressure, 𝒓 = 𝟐
𝟑

. 𝑹𝟏
𝟑−𝑹𝟐

𝟑

𝑹𝟏
𝟐−𝑹𝟐

𝟐  ,             uniform wear,  𝒓 = 𝑹𝟏+𝑹𝟐
𝟐

  

 

Thin cylinder:    𝒕 = 𝒑𝒊.𝒅𝒊
𝟐𝝈𝒉

   ,              𝒕 = 𝒑𝒊.𝒅𝒊
𝟒𝝈𝑳

     

Thick cylinder: Lamie's Equation: 

Brittle material ,                    𝒕 = 𝒅𝒊
𝟐
��[𝝈]+𝒑𝒊

[𝝈]−𝒑𝒊
− 𝟏� ,  

Ductile material ,                  𝒕 = 𝒅𝒊
𝟐
�� [𝝈]

[𝝈]−𝟐𝒑𝒊
− 𝟏� 

 

Spring: Stiffness of spring = 
𝑮.𝒅

𝟖.𝑪𝟑.𝒁
 ,      shear stress of spring = 𝑲. 𝟖.𝑷.𝑪

𝝅.𝒅𝟐
 

 

Soderberg and Goodman equations: 

𝜎𝑎 = 𝜎𝜔
𝑛
�1 − 𝜎𝑚

𝜎𝐹 𝑛⁄
�,                         𝜎𝑎 = 𝜎𝜔

𝑁
�1 − 𝜎𝑚

𝜎𝐵 𝑁⁄
� 

 

Assume missing data, Give your opinion about results 
 

 

With best wishes in success 

Design Group 
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UQ1:U A flange type coupling required to transmit 50 KW at 2000 rpm. Find: 

a) Shaft diameter if the driving shaft is hollow with (dR1R/dRoR= 0.6), and driven 

shaft is solid. Take 𝜏= 100 Mpa. 

b) Diameter of bolts, if the coupling uses four bolts. Assume pitch circle 

diameter as about 3 times the outside diameter of the hollow shaft.  

Take σRtR= σRcR = 70 Mpa. And 𝜏= 25 Mpa. 

c) Thickness of the flange and diameter of the hub. 

d) Make a neat free hand sketch of the section of assembled coupling 
 

UQ2:U A portable conveyor is to be raised and lowered by means of the double-

screw arrangement shown in figure (1), the two screws rotates by using chain and 

bevel gears. And the frame E moved and down against a load of 8000 N. 

UData:U Load W = 8000 N, σRallR = 50 N/mmP

2
P , σRbearingR = 10 N/mmP

2
P. 

Mean diameter of collar = outside diameter of power screw. 

Coefficient of friction between any two contact parts = 0.15 

Gear ratio for bevel gear = 2 

Load on lever that rotate the bevel gear = 80 N 

Type of thread = trapezoidal thread 

Requirements:  
1) Diameter of power screw. 

2) Length L. 

3) Draw in detail the dotted area. 

 
d 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 
dR1 6.5 8.5 9.5 11.5 13.5 15.5 16.5 18.5 20.5 22.5 23.5 25.5 27.5 29.5 30.5 32.5 34.5 

dR2 8.5 10.5 12 14 16 18 19.5 21.5 23.5 25.5 27 29 31 33 34.5 36.5 38.5 

h 3 3 4 4 4 4 5 5 5 5 6 6 6 6 7 7 7 

d 44 46 48 50 52 55 58 60 62 66 68 70 72 75 78 80 82 
dR1 36.5 37.5 39.5 41.5 43.5 45.5 48.5 50.5 52.5 54.5 57.5 59.5 61.5 64.5 67.5 69.5 71.5 

dR2 40.5 42 44 46 48 50.5 53.5 55.5 57.5 60 63 65 67 70 73 75 77 

h 7 8 8 8 8 9 9 9 9 10 10 10 10 10 10 10 10 

 

 

Figure (1) 



 
 

Q3: The figure (2) below shows the layout of gear box with double reduction 

spur gear, the free body diagram for the forces on gears and bearings are shown 

below: 

Data: 
Shaft AB rotates at 1200 rpm.  

Shaft CD rotates at 240 rpm. 

Shaft of EF rotates at 80 rpm. 

Modulus for gear 1 and 2 equal 6.25 mm. 

Modulus for gear 4 and 4 equal 10 mm. 

Permissible shear stress for shaft and key material = 33 Mpa. 

Permissible bearing stress between gear and key = 60 Mpa. 

Requirements: 
1) Find diameter of shaft AB. 

2)  Choose suitable bearing and find life of bearing B. 

3) Make a neat free hand sketch of shaft AB showing fixation of bearing on 

shaft and how you fixed the gear 1 on the shaft AB. 

 
Figure (2) 



 
 

Q4: The figure (3) shows a hydraulic cylinder with following data:  

Data: 
Material of cylinder (body no.1) and cover (no.17) = GG14 

σb for cylinder = 140 N/mm2. 

The load on the piston ( plunger or ram no.2) varies from (0 to 100 kN). 

Endurance strength σw for piston rod and bolts = 85 N/mm2. 

Material for piston rod and bolts = 37.11 of σF = 210 N/mm2. 

No. of bolts (part no.4) = 6 with root area 31.9 mm2. 

Initial tension on bolt = external load on parts. 

Stiffness of bolt = 3 times of stiffness parts. 

Requirements: 
1) Find the pressure inside cylinder. 

2) Find the safety factor of piston rod using Soderbery line. 

3) Find the safety factor of bolt no.4 and show the location of this point on 

Goodman line. Give your opinion of this factor. 

4) Draw section X_X 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
Figure (3) 
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UQ1:U The knuckle joint shown in figure(1a) carrying a tensile load F; 

UData:U  

a = 12 mm; b = 18 mm; d = 10 mm; e = 14 mm; f = 16 mm. 

Allowable shear stress (for any part you are choosing) = 5 N/mmP

2
P. 

Allowable tensile stress (for any part you are choosing) = 10 N/mmP

2
P. 

Allowable bearing stress (between any two parts you are choosing) = 20 N/mmP

2
P. 

URequirements: 

1) Find the safe load F to satisfy the five given dimensions.                   (10 marks) 
2) The usual designer's assumption of loading shown in figure (1c), find the 

maximum bending stress on pin due to safe load you found before.      (4 marks) 
3) Draw section x-x.                                                                                 (3 marks) 

 

 

 

 

 

                                                                                            Figure (1b)         

 

 

 

 

                                                                                        

                                                                                       Figure (1c) 

                            Figure (1a) 

 

 

X 

X 
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e 



 

 

Q2: A horizontal shaft AD supported in bearings at A&D and carrying pulleys at 

B&C, is to transmit a power (P) at 500 rpm from drive pulley B to off-take    

pulley C as shown in figure (2). 

Data: 
Diameter of pulley B = 100 mm, Diameter of pulley C = 200 mm. 

τ allowable for shaft and key = 45 Mpa, σ bearing allowable for key = 90 Mpa. 

Requirements: 
1) Find the shaft diameter.                                                                        (4 marks) 

2) Find the capacity of the bearing D.   

Assuming the speed factor = 0.41, temperature factor = 1, radial factor (x) = 1, 

Life factor = 1.                                                                                                         (3 marks)                                                                      

3) Find the length of key between pulley B and shaft if the cross section of the 

key is square, and width of key = 1/4 length of key.                                    (4 marks) 

4) Find the power (P).                                                                              (1 marks) 

5) Draw complete construction showing all details (note: chose suitable bearing 

you seen advisable).                                                                                        (5 marks)                                                                        

(5 marks) 
 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (2) 



Q3: A): An engine developing a power (P) at 1000 rpm is fitted with a cone 

clutch having the face width of the clutch = 106 mm. The cone has a face        

angle   of 12o. If the mean normal pressure on the clutch face is not exceed         

0.07 N/mm2 and the coefficient of friction is 0.2, the axial spring force necessary 

to engage the clutch is 1796 N, determine:  

1) The mean diameter of cone clutch.                                                               (3 marks) 

2) The developing power (P).                                                                   (3 marks) 

3) Complete constructional drawing showing all detail.                          (3 marks) 
 

B) A circular cam (300 mm) rotates off center with an eccentricity of 24 mm and 

operates with roller follower that is carried by the arm as shown in figure (3). 

The roller follower is held against the cam by means of an extension spring. 

Assuming that:  

Spring diameter = 7.8 mm, No. of turns of spring = 10, Spring index C = 7,  

Stress concentration factor in spring = 
𝟒𝐂−𝟏
𝟒𝐂−𝟒

+ 𝟎.𝟔𝟏𝟓
𝐂

  

Permissible stress in spring steel = 420 Mpa 

Modulus of rigidity of spring steel = 84 KN/mm2 

Requirements: 
1) Find the force between the follower and cam at lowest position.         (4 marks) 

2) Find the force between the follower and cam at highest position.       (4 marks) 

 

 

 

 

 

 

 
 

Clutch: 𝑻 = µ.𝑭𝒏. 𝒓, uniform wear  𝒓 = 𝑹𝟏+𝑹𝟐
𝟐

,   𝑭𝒔𝒑𝒓𝒊𝒏𝒈 = 𝟐𝝅𝑷𝒎𝒂𝒙𝑹𝟐(𝑹𝟏 − 𝑹𝟐) 

Spring: Stiffness of spring = 𝑮.𝒅
𝟖.𝑪𝟑.𝒁

 ,      shear stress of spring = 𝑲. 𝟖.𝑷.𝑪
𝝅.𝒅𝟐

 

 

spring 

cam Figure (3) 

Roller Follower 



Q4: A): A single start square threaded screw is to be designed for a C-clamp. The 

axial load on the screw may be assumed to be 10 kN. A thrust pad is attached at 

the end of the screw whose mean diameter may be taken as 30 mm. the coefficient 

of friction for the screw threads and for the thrust pads is 0.12 and 0.08 

respectively. The allowable tensile strength of the screw is 60 Mpa and the 

allowable bearing pressure is 12 N/mm2. The square thread as under: 

Nominal diameter, mm 16 18 20 22 

Core diameter, mm 13 15 17 19 

Pitch, mm 3 3 3 3 

Requirements: 

1) Which dimension is suitable for screw out of the four 

values that given in table.                                              (4 marks) 

2) If the force of person on handle = 100 N, find the 

length of lever and diameter of lever if the allowable 

bending stress of the lever = 40 Mpa.                        (3 marks) 

3) Draw a sectional front view of the system.        (5 marks) 

                                                                                                       Figure (4)                 
 

B) The following data for the pressure vessel: 

Inside diameter = 10 cm, Thickness of vessel = 1.1 cm, 

The pressure inside the pressure vessel varies from 0 to 10 N/mm2. 

σw= σendurance= 130 N/mm2, σyield= 230 N/mm2, σultimate= 420 N/mm2. 

Requirements: 
Draw soderberg line and find the safety factor for the pressure vessel.          (5 marks) 
 

 

Thin cylinder:    𝒕 = 𝒑𝒊.𝒅𝒊
𝟐𝝈𝒉

   ,              𝒕 = 𝒑𝒊.𝒅𝒊
𝟒𝝈𝑳

     

Thick cylinder: Lamie's Equation: 

Brittle material , 𝒕 = 𝒅𝒊
𝟐
��[𝝈]+𝒑𝒊

[𝝈]−𝒑𝒊
− 𝟏� ,    Ductile material ,  𝒕 = 𝒅𝒊

𝟐
�� [𝝈]

[𝝈]−𝟐𝒑𝒊
− 𝟏� 

 

 

With best wishes in success^^^^^^^Design Group 
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