
IQuestion Paper Code: C 13741

B.E./B.Tech. DEGREE EXAMINATION,APRILIMAY2010.

Fourth Semester

Mechanical Engineering

ME 1252 - KINEMATICS OF MACHINERY

(Common to Third Semester Mechatronics Engineering)

(Regulation 2004)

(Common to B.E. (Part-Time) Third Semester - Regulation 2005)

Time: Three hours Maximum: 100marks

Answer ALL questions.

PARTA- (10 x 2 = 20 marks)

1. Define the terms 'Kinematic pair' and 'Kinematic chain'.

2. Sketch and indicate the 'Transmission angle' of a four-bar mechanism.

3. Name two mechanism; one where 'Coriolis Acceleration' is encountered and
another where 'Coriolis Acceleration' is not encountered.

4. How the direction of the angular velocity of the connecting rod is found out
during velocity analysis of a reciprocating engine mechanism by graphical
method?

5. Define the term 'Pressure Angle' of a cam mechanism.

6. How the maximum velocity of the follower of a cam mechanism is found out
during the lift which takes place with Simple Harmonic Motion?

7. Name two curves for use as gear profile, which satisfyt~e law of gearing.

8. What is a 'Worm gear drive'? Explain with a sketch.

9. Briefly explain the term 'Rolling friction'.

10. Make a brief comparison of 'Flat belt drive' and 'V-belt drive'.



PARTB - (5 x 16 = 80 marks)

11. (a) Give step-by-step method of design of a crank-rocker mechanism. The
inputs parameters, the graphical or analytical method and also the
verification of design are to be included. (6 + 7 + 3)

Or

(b) Sketch and explain the four inversions of a single - slider crank chain.
Mention also the application of each inversion. (4 x 4 = 16)

12. (a) In a four - bar chain ABCD,A and D are fixed pivots 120 mm apart. The
driving crank AB = 60 mm. At a certain instant, AB makes 60 degree
with AD.

The driven link CD and the coupler BC are each 95 mm long. The driving
crank makes 10 r.p.m. clockwise.

(i) Draw the velocity diagram with suitable scale. (4)

(ii) Find the velocity of the point C. (2)

(iii) Find the magnitude and direction of the angular velocity of the
link BC. (2)

(iv) Draw the acceleration diagram with suitable scale. (6)

(v) Find the acceleration of the point C. (2)

Or

(b) A petrol engine has a stroke of 300 mm and its connecting rod is 900 mm
long. The crank rotates at a uniform speed of 1000r.p.m. For the position
when the crank has rotated 30 degrees from the inner dead centre
position, the followingare required.

(i) Draw the velocitydiagram with suitable scale. (4)

(ii) Find the velocity of the piston. (2)

(iii) Find the magnitude and direction of the angular velocity of the
connecting rod. (2)

(iv) Draw the acceleration diagram with suitable scale. (6)

(v) Find the acceleration of the piston. (2)
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13. (a) A flat-faced mushroom follower is operated by a uniformly rotating cam.
The follower is raised through a distance of 25 mm in 120°rotation of the
cam, remains at rest for the next 30° and is lowered during further 120°
rotation of the cam. The raising of the follower takes place with SHM and
the lowering with uniform acceleration and deceleration. However, the
uniform acceleration is 2/3 of the uniform deceleration. The least radius
of the cam is 25 mm and this rotates at 300 r.p.m. Draw the

(i) Displacement diagram and

(ii) Cam profile. (5+ 11)

Or

(b) A cam with a minimum radius of 25 mm, rotating clockwise at a uniform
speed is to be designed for a roller follower at the end of valve rod. The
valve rod is raised through 50 mm during 1200 rotation. The angle of
dwell is 30°. The valve is lowered through next 60°. The valve is closed
during the rest of revolution. The diameter of roller is 30 mm and the
diameter of cam shaft is 25 mm. Draw the

(i) Disp,lacementdiagram and

(ii) Cam profile.

When the line of the stroke is offset 15 mm from the axis of the cam
shaft. The displacements take place with SHM. (5 + 11)

14. (a) A pinion of 20 teeth and module 4 mm having involute profile drives a
rack. The addendum of both pinion and rack is 6 mm.

(i) What is the least pressure angle which can be used to
undercutting?

avoid
(4)
(6)
(3)
(3)

(ii) Derive the formula used for finding the pressure angle.

(iii) Find the length of arc of contact.

(iv) Find the number ofpairs of teeth in contact at a time.

Or

(b) In an epicyclic gear of the "Sun and Planet" type, the pitch circle
diameter of the internally toothed ring gear is to be around 220 mm as
nearly as possible. The module is 4 mm. When the ring gear is stationary,
the arm which carries three planet wheels of equal size is to make one
revolution for every five of the driving spindle carrying the sun.gear.

(i) , Determine suitable numbers of teeth for all gears. (9)
(2)(ii) Find the exact diameter of pitch circle of the ring gear.

(iii) If a torque of 20 N.m. is applied to the spindle carrying the sun
gear, what torque will be required to keep the ring gear stationary?

. (5)
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Or

15. (a) (i) What are Block Brakes? Derive an expression relating the applied
force and breaking torque ina BlockBrake. (6)

(ii) The diameter of a block brake is 250 mm. The L-shaped lever has
its longer arm horizontal. The vertical distance of the pivot (of the
lever) from the centre of the drum is 75 mm. The horizontal
distance of the pivot from the centre of the drum is 200 mm. An
effort of 700 N (vertical) is applied at a horizontal distance of 400
mm from the pivot. The contact angle of the block is 90 degrees. The
coefficient of friction is 0.35. Determine the breaking torque. (10)

(b) (i) Derive an expression for the centrifugal tension in belt drives. (6)

(ii) A pulley is driven by a flat belt, angle of lap being 120 degrees. The
belt weighs 6 N per metre run. The coefficient friction is 0.3 and
maximum stress in the belt is not to exceed 200 Nzcm-, The belt is
10 em wide and 0.6 em thick. Find the maximum power that can be
transmitted and the corresponding speed of the' belt. (10)
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PARTA - (10 x 2 = 20 marks)

1. What is Kutzbach criterian for planar mechanism?

2. Sketch an exact straight line mechanism, with link proportions.

3. Illustrate the instantaneous centers of a typical four bar mechanism.

4. State the condition for a link to experience coriolis acceleration.

5. What are the advantages of roller follower than knife-edge follower?

6. Sketch the displacement, velocity and acceleration diagram when a follower
moves with uniform velocity.

7. Prove or disprove that pure rolling is possible at one point only, on the line of
action, between two meshing gear teeth profiles.

8. Distinguish, with suitable free hand sketches, a non-reverted gear train and a
reverted gear train.

9. Prove or disprove that the efficiency of a screw jack is independent of the load
raised.

10. State the condition and the equation for the velocity of the belt for the
transmission of power in a flat belt drive.



PART B - (5 x 16 = 80 marks)

11. (a) (i) Explain the inversions of four bar chain, with neat sketches. (8)

(ii) Explain with neat sketches the following: (8)

(1) Offset slider mechanism.

(2) An indexing mechanism.

Or

(b) (i) Explain the inversions of single slider crank chains, with neat
sketches. (10)

(ii) Explain mechanical advantage and transmission angle related to
Four- bar mechanisms. (6)

12. (a) In the mechanism shown in Fig. 12(a) the crank OA rotates at a constant
speed equal to 20 rpm anticlockwise and gives motion to the sliding
blocks Band D. The dimensions of various links are OA = 300 mm;
AB = 1200 mm; BC = 450 mm and CD = 450 mm.

For the given configuration, determine:

(i) Velocities of sliders Band D

(ii) Angular velocity of link CD

(iii) Linear acceleration of D and

(iv) Angular acceleration of CD

Fig. 12(a)

Or
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(b) For the Four-bar linkage shown in Fig. 12(b) find the acceleration of
A and B and the angular acceleration of links 3 and 4, Crank 2 has a
constant angular velocity, (JJ2 = 200 radJs counter clockwise direction.

Fig. 12(b)

The linkage A02 = 150 mm; BA = 450 mm, B04 = 300 mm,
0402 = 200 mm.

13. (a) The following data are for a disc cam mechanism with roller follower:

Minimum radius of the cam = 35 mm, lift of the follower = 40 mm

Offset of the follower = 10 mm right, Roller diameter = 15 mm

Carn rotation angles are as mentioned below:

During ascent = 1200
, Dwell = 800

During descent = 800
, Dwell = 800

Cam rotates in clockwise direction and the follower motion is simple
harmonic during both ascent and descent.

(i) Draw the displacement diagram of the follower and indicate the
relevant data.

(ii) Draw the earn profile and indicate the relevant data.

Or

(b) Draw the profile of the cam when the roller follower moves with cycloidal
motion as given below :

CD Outstroke with maximum displacement of 44 mm during 1800 of
cam rotation

(ii) Return stroke for the next 1500 of cam rotation.

(iii) Dwell for the remaining 300 of cam rotation.

The minimum radius of the cam is 20 mm and the diameter of the
roller is 10 mm. The axis of the roller follower passes through the
earn shaft axis.
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14. (a) (i) State the advantages of spur gear over helical gear. (3)

(ii) Which type of gear pair is to be used to get very large speed
reduction in a single stage? State the reason. (3)

(iii) State and prove the fundamental law of gearing. (7)

(iv) Determine the minimum number of teeth to avoid interference in
worst case ofmeshing with 14t 0 pressure angle. (3)

Or

(b) Two mating gears have 20 and 40 involute teeth of module 10 mm and
20° pressure angle. The addendum on each wheel is to be made of such a
length that the line of contact on each side of the pitch point has half the
maximum possible length. Determine the addendum height for each gear
wheel, length of the path of contact, arc of contact and contact ratio.

15. (a) A screw-jack has a square thread of mean diameter 60 mm and
pitch 8 mm. The co-efficient of friction at the screw thread is 0.09. A load
of 3 kN is to be lifted through 120 mm. Determine the torque required
and the work done in lifting the load through 120 mm. Find the efficiency
of the jack also.

Or

(b) (i) Prove or disprove the following statement : "AV-belt drive with
same Co-efficient of friction and angle of wrap as a flat-belt drive
will transmit less power than flat-belt drive". (6)

(ii) Two pulleys, one 450 mm diameter and the other 200 mm diameter
are on Parallel shafts 2.1 m apart and are connected by a
crossed belt. The larger Pulley rotates at 225 rpm. The maximum
permissible tension in the belt is 1 kN and the coefficient of
friction between the belt and the pulley is 0.25. Find the length of
the belt required and the power that can be transmitted. (10)
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PART A- (10 x 2 = 20 marks)

1. Draw a four bar mechanism and show that it has one degree of freedom as per
Kutzbach criterion.

2. Define inversion of mechanism.

3. lllustrate the space centrode and body centrode.

4. Give the condition for coriolis component of acceleration;

5. What are high speed cams?

6. Construct the displacement diagram for the follower motion to be cycloidal.

7. Prove or disprove that pure rolling is possible at one point only, on the line of
action, between two meshing gear teeth profiles.

8. Distinguish between a non-reverted gear train and a reverted gear train. With
suitable free hand sketches

9. What is the function of friction clutch?

10. Define efficiency of a screw jack in term of helix angle of screw and friction
angle.



PART B - (5 x 16 = 80 marks)

11. (a) Sketch a slider crank chain and its various inversions stating actual
machines which they are used in practice.

Or

(b) Draw the sketch of a mechanism in which a point traces an exact straight
line. The mechanism must of only revolute pairs prove that the point
traces an exact straight line motion.

12. (a) The dimensions of the various links of a mechanism as shown in
Fig. 12 (a) are as follows:

.24~lL --~~-.-.

-'
Fig.12 (a)

OA= 80 mm; AC = CB = CD = 120 mm.

If the crank OA rotates at 150 r.p.m. in the anti-clockwise direction, find,
for the given configuration.

(i) Velocity and acceleration of Band D ;

(ii) rubbing velocity on the pin at C, if its diameter is 20 mm and

(iii) angular acceleration of the links AB and CD.

Or

(b) The dimensions and configuration of a four mechanism, shown in Fig. 12 (b)
are as follows:

Fig.12 (b)
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PlA=300mm; P2B=360mm and P1P2=600mm andAB=360mm.

The angle APl P2 =600
• The crank Pl A has an angular velocity of

10 rad/s and an angular acceleration of 30 rad/st, both clockwise.
Determine the angular velocities and angular accelerations of P2 Band
AB and the velocity and acceleration of the joint B.

13. (a) A earn rotating clockwise at a uniform speed of 100 revolutions
perminutes is required to give motion to knife-edge follower as below:

(i) Follower to move outwards through 25 mm during 120° of cam
rotation.

(ii) Follower to dwell for the next 60° of cam rotation.

(iii) Follower to return to its starting position during next 90° of cam
rotation with equal uniform acceleration and retardation.

(iv) Follower to dwell for the remaining 90° of cam rotation.

The minimum radius of the cam is 50 mm and the line of stroke of
the follower passes through the axis of the cam shaft.· If the
displacement of the follower takes place with uniform and equal
acceleration and retardation on both the outward and return
strokes, find the maximum velocity and acceleration during
outstroke and return stroke and draw the profile of the cam.

Or

(b) The suction valve of a four stroke petrol engine is operated by a circular
arc cam with a flat faced follower is 10 mm; base circle diameter of the
cam is 40 mm and the nose radius is 2.5 mm. The crank angle when
suction valve opens is 4° after top dead centre and when the suction valve
closes, the crank angle is 50° after bottom dead centre. If the cam shaft
rotates at 600 revolutions per minutes determine

(i) maximum velocity of the valve and

(ii) maximum acceleration and retardation of the valve.

14. (a) A pair of 20° full depth involute spur gears having 30 and 50 teeth
respectively of module 4 mm are in mesh. The smaller gear rotates at
1000 r.p.m. Determine:

(i) Sliding velocities at engagement and at disengagement of pair of a
teeth, and

(ii) Contact ratio. (16)

Or
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(b) In a reverted epicyclic gear train shown in Fig. 14(b); the arm A carries
•

two gears Band C and a compound gear D-E.The gear B meshes with
gear E and the gear C meshes with gear D. The number of teeth on gears
B, C and Dare 75,30 and 90 respectively. Find the speed and direction of
gear C when gear B is fixed and the arm A makes 100 r.p.m. clockwise.

Fig.14 (b)

15. (a) Derive an equation to determine the length of a crossed belt.
(approximate).

Two parallel shafts 6000 mm apart are to be connected by a belt running
over pulleys of diameter 600 mm and 400 mm respectively. Determine
the approximate length if the belt is crossed.

Or

(b) Determine the external and internal radii of the friction plate of a single
clutch if maximum torque transmitted is 90 N-m. The external radius of
the friction plate is 1.5 times the internal radius and the maximum
intensity of pressure at any point of contact. surface should not
exceed 0.8 xlO° N/m2. Take. both sides of the plate as effective and

co-efficient of friction = 0.3. Assume uniform wear. Also calculate the
axial force exerted by the springs.

4 A 3823










