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Ql (a)

(b)

Q2 (a)

(ii)

(iii)
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Figure Ql(a) shows an epicyclic gear box that has a fixed outer gear C and 75Yo

effr"ien"y. itre input is the gear O that rotates at20} rev/min clockwise viewed from

the left with a torqu" of a-O Nm. Gear B and gear D has 140 teeth and 20 teeth

respectively. Evaluate the output speed and direction of the epicyclic gear box

viewing from the right side. 
(5 marks)

An 1 1.5 cm wide and 1.2 cm thick belt transmits 11 kw between two parallel shafts.

Figure Q1(b) shows two types of connection between the belt and the shafts' The

diJtance Urir"""n the shafts is 250 cm and the diameter of the smaller pulley is 60

cm. The driving and the driven shaft rotate at 100 rpm and 240 rpm respectively' The

coefficient of friction between the belt and the pJt.y is 0.25. Analyse the stress in

the belt if the two pulleys are connected by open belt and cross belt'

(15 marks)

A rotating shaft canies four masses A, B, C and D which are radially attached to it'

The mass centres are 30 mm, 38 mm, 40 mm and 35 mm respectively from the axis

of rotation. The masses A, C and D are7.5 kg, 5 kg and 4 kg respectively' The axial

distances between ttt. pfu".t of rotation of A-and g it +OO mm and between B and C

is 500 mm. The masses A and C are at right angles to each other' For a complete

balance, calculate:

(i) The angles between the masses B andD from mass A'

(6 marks)

The axial distance between the planes of rotation of C and D'

The magnitude of mass B-

(2 marks)

(2 marks)

(b) The displacement of a bodY

following equation

performing simple harmonic motion is described by the

r :,a sin( ar + O)

where,4 is the amplitude, ar is the natural frequency and fi is the phase angle' Given

A: 20 mm, al : 50 radls and fi: rl8 radian'

(i) Analyse the frequency and the period time'

(5 marks)

Evaluate the displacement, velocity and acceleration when t - Tl4'

(5 marks)

(ii)
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Q3 (a)

(b)

BEH 41 103

Discuss briefly the various types of friction experienced by a body.

In a screw jaclg the helix angle of thread is a and the angle of friction is <p'

its efficiency is manimum, when 20: (90o - 9).

Angular velocity of links AB, CB and BD.

Velocities of rubbing on the pins of diameter 30 mm at A and D'

Torque applied to the crank oA, for a force of 2 ld{ at D.

(4 mark*

Prove that

(5 marks)

(c) A load of 25 kN is raised by means of a screw jaclq having a mean diameter threaded

screw of lZ.5 mm and pitci of 50 mm. The coeflicient of friction between the screw

and the nut is 0.13. Determine:

(i) The force required on the screw to raise the load.

(2 marks)

(ii) The torque required on the screw to raise the load.

(2 marks)

(iii) The torque required to lower the load'

(iv) The ratio of the torque required to raise the

the load.

(v) The efficiency of the machine.

(4 marks)

toad to the torque required to lower

Q4 Figure Q4 shows a toggle mechanism. The slider D is constrained to move on a horizontal

pu?fr. fnJ crank Oe iJiottting in the counter-clockwise direction at a speed of 180 r'p'm'

Th" ditn"nsions of various links are as follows :

OA:180mm;CB:24Omm;AB:360mm;andBD:540mm

For the given configuration, analyse:

(a) VelocitY of slider D.

(l mark)

(2 marks)

(4 marks)

(6 marks)

(6 marks)

(4 marks)

(b)

(c)

(d)
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l. Gear ratio, cn=):b-
NB tA

where N,a is the input speed, Ns is the output speed, /a is the number of teeth on

/r is the number of teeth on gear B.

The effect of slip on the velocity ratio

vR:Nu:rpr)rroo-s)"'- No -[,o" /\ loo )
where Nz is rotational speed of motor shaft, Nr is rotational sp99d of the main

the diameter of motor pulley (driver), Dr is the diameter of l't pulley on the

(driven) and S is the percentage slip.

Po*r, ofr 
,1ggyolililCten0y, 4 = 

-power 
in

FORMULA

gear A and

shaft, Dt is
main shaft

2nNT
Shaft power P =:-

60

where N is the speed and T is the torque

linear velocity on a circle v - arD l2
where ar is the angalar velocity and D is the diameter of a circle.

Power transmission of belt drives, P :(\ -Tr)v
where Zl is the tension on the tight side, Iz is the tension on the slack side and v is the

linear velocity of the belt.

Maximum power transmission, P =T1kv

Ik:I- *gltt

where Tt is the tension on tight side,

is the coefficient'of friction between

over pulley.

2.

3.

4.

5.

6.

7.

y is the linear velocity of the belt, k is the constant, F
belt and pulley and 0 is the angle of lap of the belt

8. Friction tensions ratio for flat belg *: "ot'72

Friction tension ration forv-belt and rope, +={' 'Tz sina

where Ii is the tension on tight side, Tz is the tension on the slack side, I is the angle of

lap of the belt over pulley, pIs the coefficient of friction between belt and o, is the angle of

the groove.

g. Tension, T:bxtxf
where b is the width of the belt, r is the thicliness of belt and.fis the stress-

7
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10. Centrifugal force, F", = mralrrN
where rn 1 is the mass attached to the shaft in kg, r, is the distance of centre of gravity ofthe
revolving ffi&ss r?4r from the a:ris rotation and ot is the angular velocity of the shaft in radls.

11. Effort forupward motion
Po: m#arra without friction (l-0)
P : mgtan(a+il with friction

:mg(tano +tan4)
l-tanatnQ

Where mg is the weight of the body, / is the angle of friction and a is the angle of
inclination of the plane to the horizontal.

But ana : P, 
^d blnQ: p

,flm

Where p is the pirch, d^ is the mean diameter of the screw nd p is the coeffrcient of
friction

12. Effort for downward motion
P:mgtan(t-a)
_ mg(tana -tan4)

1-tanatanQ
Where mg ls the weight of the body, I is the angle of friction and a is the angle of
inclination of the plane to the horizontal.

13. Horizontal force applied tangentially at the end of a tommy bar in a horizontal plane,

P-=P*r"L
where P, is the force applied by the tommy bar, P is the force applied at screw tangentially

in a horizontal plane, r is the radius of the screw and I is the horizontal distance between

central uris of the screw and the end of the tommy bar-
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