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Problem (1): (20 Nlarks)

D- IIse theft.nite element technique to tind
(a) the nodal displocements, strain und stress indaced in the oxially loaded stepped

bar shown in Fig.l-a
(b) Formalate the eigen-volue problem of the system.
AJ-e,12-1,41:I6cm2. p1=p2=p3:7.8x103 kg/ mj

U) Determine the global stiffness matrix for a
system shown in Fig.l-h .

element model for thetwo

Problem (2): (20 Marks)

A preeision grinding machine (fig.$ is supported on an isolator that has
a stiftess of I MN/m and a v"iscous damping constant of I KN-s /m .
The floor on which the machine is mounted is subjected to a harmonic
disturbe[ce due to the operation of an unbalanced engine in the vicinity
of the giinding machine . Find the maximum acceptable displacement
amplitride of the floor if the resulting amplitude of vibration of the
grinding wheel is to be restricted to lg*m .Assume that grinding
machine and the wheel are one rigid body of weight 5000 N.

Q0 Marks)Problem (3):

For the shown automblle degrmine the natural fiequencies and natural nrodes of its

linear and angular motions. GiYen tlrat:
mo= 15OO kg , Jo= 2O0O kg.mt r Lr =1.5 fi , L, =1.5 11l r
kr = 36l(N/m, h = 4O Kl{/m r

If the #tombile pults a trailer of mass 400 kg as shown in Fig.b, d_etermlne the natural
it"q*npio -ajgg$mt 11-o!9t gl_SS :y+"-' knowing that thestiffness coeffident of

the hitclt is 15O KN/m.

Problem (4) (20 Marks)

a-A cantilever of flexural rigidity EI, Iength L and mnss per unit lenglh p
performsa transversevihration . If thefree end of the beamis fastened to a
motor of mass m as shown in Flg.4 derive the frequency equation of the
present continuous sYstem.

(b)- lf (p = 0), the beam besomes one degree of freedoni system, the motor having
a mass of 300 kg and an unbalancE of 2 kg.cm.
The bearn is observed to vibrate with large
amplitudes at the operating speed of 1500 r.p.m
of the motor. lt is proposed to add a vibration
absorber to reduce ihe vibration of the beam.
Determine the mass and stiffness of the absorber
needed in order to have the lower frequency
of the resulting system equal to 75% of tlre
operating speed of the motor.
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(20 Marks)
'A marine propulsion is shown in Fig.-S. For the analysis of torsional vibration, the

rnass moments of inertia for the gearbox and,propeller taken about the axis of rotation
are Jt = 1.75 J, ft: J, and"Ir: J respectively, and the stiffnesses of the gearbox and
pnopef len shafts are Ke = 5K and Kp = 4K respectively, lf the gear ratio is (z/zz = 0.5),
clar"nping ean be neglected and the mornent : M(tl = lVlo sin trlf acts on the first gear.
{1}- tr}erive in rnatrix f*rnt tlre equations governing the torsional vibration of the systen'
{?}"'Deterrnime'the riatunai freelirerrcies ancJ eorresponrNing rnode shapes, and sketch

. tl'r*s+r lri,rclss, {[ren eheek the correctness of the results,
(3)- finri the pr*6i*rr vslue of .fp of the pnopelfer such that the first gear,Ir becornes at rest,
(4)- if til"rs P!"op,effen is verv larga and modeled as built in, find the new natural frequency.
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