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Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

---

1. a)
Two forces equal to ZP and P respectively act on a particle.  If first be doubled and the second increased by 12N the direction of the resultant is unaltered, find the value of ‘P’?

b)
A 675 N man stands on the middle rung of a 225 N 
ladder, as shown in Fig.  Assuming a smooth wall at B and a stop at A to prevent slipping, find the reactions at A and B. 
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2. a)
Calculate the magnitude of the clockwise couple M required to turn the 50-kg cylinder in the supporting block shown.  The coefficient of kinetic friction is 0.30.
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b)
Determine the horizontal force P required to raise the 200-kg block.  The coefficient of friction for all surfaces is 0.40.
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3. a)
Derive an expression for ratio of tensions of a belt in standard form

    b)
The centre of two pulleys of diameter 120mm and 420mm are 300mm apart. They are connected by an open belt. If the coefficient of friction for the larger pulley be 0.28, what would be its value for the smaller pulleys simultaneously?

4. a)
From first principles deduce an expression to determine the centroid of a triangle of base ‘b’ and height ‘h’.
    b)
Determine the centroidal co-ordinates of the shaded area as shown in figure.
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5. a)
Prove that the mass moment of inertia of a right circular cone of base radius R and height h, with respect to a diameter of the base is M (3R2 + 2h2)/20 where M is the mass of the cone.

    b)
Calculate the mass moment of inertia of a circular cone of base radius 300mm and height 600mm about a line which passes through the mass centre of the cone and which is parallel to the base of the cone. The mass density of the cone is 2500 kg/m3.

6. a)
A small grinding wheel is attached to the shaft of an electric motor which has a rated speed of 3000r.p.m . When the power is turned on, the unit reaches its rated speed in 5secs and when the power is turned off, the unit comes to rest in 60secs. Assuming the acceleration to be uniform, find the number of revolutions that the motor executes a) in reaching its rated speed and b) to come to rest.

b)
A cord is wrapped around a wheel which is initially at rest as shown in Figure.  A       force is applied to the cord and is gives an acceleration a=6t m/s2 where t is in seconds. Determine 

a) The angular velocities of the wheel

b) The angular position of radial line OP as a function of time.
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7.  a)
An automobile moving with a uniform velocity of 40Kmph is accelerated by increasing the traction force by 20%. If the resistance to motion is constant, find the distance traveled before it acquires 50Kmph.Use work-energy method.

b) A solid cylinder and a sphere are started top of an inclined plane, at the same time, and both roll without slipping down the plane. If, when the sphere reaches the bottom of incline, the cylinder is 12m, what is the total length ‘S’ of the incline?

8. 
The circular disc shown in Figure has a radius r=150mm and weight of 225N.  The observed frequency of torsional vibration is 1 oscillation/sec.  When another body is attached to the same shaft figure, the observed frequency of torsional vibration is 1.2oscillations/sec.  Find the moment of inertia of the second body with respect to the axis of the shaft.
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1. a)
A ladder supported at A and B, as shown in fig, a vertical load W can have any position as defined by the distance ‘a ‘from the bottom. Neglecting friction, determine the magnitude of the reaction Rb at B.  Neglect the weight of the ladder.
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b)
A rigid bar AB is supported in a vertical plane and 
carries a load Q at its free end as shown in fig.  Neglecting the weight of the bar itself, compute the magnitude of the tensile force S induced in the horizontal string CD.
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2. a)
Calculate the force P required to initiate motion of the 24-kg block up the 100 incline. The coefficient of static friction for each pair of surfaces is 0.30.
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  b)
Two men are sliding a 100-kg crate up an incline.  If the lower man pushes horizontally with a force of 500 N and if the coefficient of kinetic friction is 0.40, determine the tension T which the upper man must exert in the rope to maintain motion of the crate.
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3. 
A laminated belt 9mm thick and 125mm broad drives a pulley of 1.2 meter diameter at 180r.p.m the angle of lap being 1900. The weight of the belt material 1.16kg/m3, the friction coefficient between the belt and the pulley is 0.3. If the stress in the belt is not to exceed 1.75N/mm2

Determine:

i) The power transmitted, neglecting the centrifugal tension effect, 

ii) The power transmitted considering the centrifugal tension.
4. a)
Define the terms centroid, moment of inertia and radius of gyration.

    b)
Compute moment of inertia of hemisphere about its diametral base of radius ‘R’.

5. 
A flywheel consist of a 1m diameter plate 100mm thick with four holes. Each 200mm in diameter cut at a pitch circle diameter of 400mm symmetrically. Compute the mass moments of inertia of the flywheel about the axis of rotation. The material of the flywheel is cast iron with specific gravity 7.5.

6. 
A roller of radius 0.1m rides between two horizontal bars moving in opposite directions as shown in Fig.2. Assuming no slip at the points of contact A and B, locate the instantaneous center ‘I’ of the roller. Also locate the instantaneous center when both the bars are moving in the same directions.
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7. a)
A solid cylinder and a thin hoop of equal masses ‘m’ and radii ‘r’ are connected by a bar . The system rolls down the inclined plane without slipping. Find the acceleration of the system and the tension in the bar.
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b)
A car of mass 800kgs traverses an unbanked curve of 150m radius to 60Kmph. The wheel base width is 2m and the centre of gravity of the car is 500mm above the road. Calculate the normal reaction at each wheel.

8.
Two springs of stiffness k1 and k2 are connected in series.  Upper end of the compound spring is connected to a ceiling and lower end carries a load ‘W’. Find the equivalent spring stiffness of the system. If the above two springs are connected in parallel then find the equivalent spring stiffness of the system also.
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1.  
A strut AB attached to the face of a vertical 
wall at A by a spherical hinge stands perpendicular to the wall and is supported 
by two guy wires, as shown in Fig.  At B, in a plane parallel to the wall, two forces P and Q acts as shown, Q being horizontal and P, vertical.  Find the axial forces produced in the members if P = 500 N and Q = 1000 N.






2. a)
The homogeneous rectangular block of mass m, width b, and height H is placed on the horizontal surface and subjected to a horizontal force P which moves the block along the surface with a constant velocity. The coefficient of kinetic friction between the block and the surface is (k.  Determine (a) the greatest value that h may have so that the block will slide without tipping over, and (b) the location of point C on the bottom face of the block through which the resultant of the friction and normal forces acts if h = H/2.
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b)
Determine the distance s to which the 90-kg painter can climb without causing the 4-m ladder to slip at its lower end A.  The top of the 15-kg ladder has a small roller, and at the ground the coefficient of static friction is 0.25.  The mass center of the painter is directly above his feet.


3. a)
Derive an expression for length of a an open belt in standard form.

    b)
A belt is running over a pulley of diameter 1200 mm at 200 r.p.m. The angle of contact isw 1650 and coefficient of friction between the belt and pulley is 0.3. If the maximum tension in the belt is 3000N, find the power transmitted by the belt.

4. a)
From the first principles determine product of inertia for right angle triangle of base ‘b’ and altitude ‘h’.

    b)
State and prove transfer formula for product of inertia.

5. 
A rectangular parallelopiped has the following dimensions.

    
Length along x-axis = ‘l’

    
Height along y-axis = ‘a’

    
Breadth along z-axis = ‘b’

    
Density of the material is ‘w’

Determine the mass moment of inertia of the parallelopiped about the centroidal axes.

6. 
Cycle is travelling along a straight road with a velocity of 10m/s. Determine the velocity of point A on the front wheel as shown in Fig.3. Radius of cycle wheel = 0.4m and distance of A from C=0.2m.

[image: image4.png]



Contd…3

Code No: NR-10105



.3.



Set No: 3
7. a)
A weight ‘P’ attached to the end of a flexible rope of diameter d=5mm, is raised vertically by winching the rope on  a reel. The reel is turned uniformly at the rate of 2 revolutions per second. Find the tension in the rope. Neglect the inertia of the rope and the lateral motion of the weight ‘P’.








b)
A right circular cylinder of radius ‘r’ and weight ‘W’ is suspended by a cord that is wound around its surface.  If the cylinder is allowed to fall, prove that the centre of gravity ‘C’ will follow a vertical rectilinear path and find the acceleration ‘ac’ along this path. Determine also the tensile force ‘S’ in the cord.





8. a) 
Explain how a simple pendulum differ from a compound pendulum, briefly  with the  help  of  differential mathematical equations                                                   

b) 
Determine the stiffness in N/cm of a vertical spring to which a weight of 50N is attached and is set vibrating vertically.  The weight makes 4 oscillations per second.  
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1.
The uniform 30-kg bar with end rollers is 
supported by the horizontal and vertical surfaces and by the wire AC.  Calculate the 
tension T in the wire and the reactions against the rollers at A and at B.





2. a)
A short semicircular right cylinder of radius ‘r’ and weight ‘w’ rests on a horizontal surface and is pulled at right angles to its geometric axis by a horizontal force applied at the middle B of the front edge (fig below ).Find the angle ‘(’ that the flat face will make with the horizontal plane just before sliding begins if the coefficient of friction at the line of contact A is ( . The gravity force W must be considered as acting at the center of gravity ‘C’ as shown is the figure.  
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   b)
The mean diameter of the threads of a square – threaded screw is 50 mm. The pitch of the thread is 6 mm. The coefficient of friction ( = 0.15. What force must be applied at the end of a 600 mm lever, which is perpendicular to the longitudinal axis of the screw to raise a load of 17.5 kN to lower the load?
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3. a)
Explain the different types of tension that are encountered in the belt drives.

    b)
An open – belt drive connects two pulleys 1200mm and 500mm diameters, on parallel shafts 4000mm apart. The maximum tension in the belt is 1855.3N. The coefficient of friction is 0.3 the driver pulley of diameter 1200mm runs at 200 r.p.m Calculate:


i)
The power transmitted, and 
ii)
Torque on each of the shafts.

4. a)
Differentiate between centroid and center of gravity.

    b)
Determine the product of inertia of shad4ed area as shown about the indicate 

x-y axis.
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5. 
Derive the expression for the moment of inertia of a cylinder length ‘l’, radius ‘r’ and density ‘w’ about longitudinal centroidal  axis and about the centroidal transverse axis.

6.
In the engine system shown in Fig. 4 the crank AB has a constant angular velocity of 4000 r.p.m. For the crank position indicated, determine

a) Angular velocity of connecting rod BD

b) Velocity of piston P
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7.  a)
A homogeneous solid cylinder of weight 100 N  whose axis is horizontal rotates about its axis, in frictionless bearings under the action of the weight of a 10N block which is carried by a rope wrapped around the cylinder. What will be angular velocity of cylinder two seconds after the motion starts? Assume the diameter of    cylinder as 100cm.    

   b)
A block of mass 5Kg resting on a 300 inclined plane is released. The block after travelling a distance of 0.5m along the inclined plane hits a spring of stiffness 15N/cm. Find the maximum compression of spring. Assume coefficient of friction between the block and the inclined plane is 0.2.
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8. a)
A weight of  W = 10KN , with cross sectional area of 1800 mm2, is attached to a spring of spring constant 0.1KN/mm, is oscillated in water. Find the period of oscillation.                                                                                                              
    b)  
A connecting rod AB makes 40 small oscillations per minute about a knife edge through the hole at the end A. The distance of C.G .from ‘A’ is 0.45m.  Find the radius of gyration of the rod about the axis through ‘G’ parallel to the knife edge. Also find the number of oscillations per minute which the rod will make if supported on a knife edge through the hole at ‘B’ if AB =1.5m.     
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