
VIB : Equivalent SDOFVIB : Equivalent SDOF
systemsystem
Number of participants: 27Number of participants: 27

1.1. 2 correct answers2 correct answers
out of 23 respondentsout of 23 respondents

✓✓

the principles ofthe principles of
equivalent massequivalent mass
and spring if theand spring if the
structure is made ofstructure is made of
a large rigid massa large rigid mass
attached to aattached to a
reference with areference with a
flexible elementflexible element

19 votes19 votes

✓✓

a single modea single mode
approximation ifapproximation if
thethe
eigenfrequencieseigenfrequencies
are well separatedare well separated

4 votes4 votes

A division of theA division of the
structure usingstructure using
single finitesingle finite
elementselements

7 votes7 votes

A complex structure can beA complex structure can be
represented by an equivalent SDOFrepresented by an equivalent SDOF
usingusing

83%83%

17%17%

30%30%
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2.2. 11 correct answers11 correct answers
out of 16 respondentsout of 16 respondents

✓✓

Apply a static forceApply a static force
at the locationat the location
where the mass iswhere the mass is
attached and in theattached and in the
direction of thedirection of the
motion of the massmotion of the mass

11 votes11 votes

Apply an harmonicApply an harmonic
force at the locationforce at the location
where the mass iswhere the mass is
attached and in theattached and in the
direction of thedirection of the
motion of the massmotion of the mass

5 votes5 votes

Compute the first 5Compute the first 5
modes shapes ofmodes shapes of
the flexiblethe flexible
elementelement

0 votes0 votes

In the case of a rigid mass with aIn the case of a rigid mass with a
flexible element, In order to computeflexible element, In order to compute
an equivalent stiffness, one needs toan equivalent stiffness, one needs to

69%69%

31%31%

0%0%
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3.3. 19 correct answers19 correct answers
out of 22 respondentsout of 22 respondents

✓✓

k=F/x where x isk=F/x where x is
the displacement inthe displacement in
the direction ofthe direction of
motion at themotion at the
location of thelocation of the
applied forceapplied force

19 votes19 votes

k=F/x where x isk=F/x where x is
the averagethe average
displacementdisplacement
computed on thecomputed on the
flexible elementflexible element

2 votes2 votes

k= F*x where x isk= F*x where x is
the displacement inthe displacement in
the direction ofthe direction of
motion at themotion at the
location of thelocation of the
applied forceapplied force

1 vote1 vote

4.4. 17 correct answers17 correct answers
out of 21 respondentsout of 21 respondents

k = E A Lk = E A L 1 vote1 vote

✓✓ k=EA/Lk=EA/L 17 votes17 votes

k=E/(A*L)k=E/(A*L) 3 votes3 votes

k=1/(EAL)k=1/(EAL) 0 votes0 votes

The equivalent stiffness is then givenThe equivalent stiffness is then given
byby

86%86%

9%9%

5%5%

For a bar in traction with section A,For a bar in traction with section A,
young's modulus E and length L, theyoung's modulus E and length L, the
equivalent stiffness is given byequivalent stiffness is given by

5%5%

81%81%

14%14%

0%0%
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5.5. 6 correct answers6 correct answers
out of 15 respondentsout of 15 respondents

multiplied by 2multiplied by 2 2 votes2 votes

divided by 2divided by 2 4 votes4 votes

✓✓ divided by 2 sqrt(2)divided by 2 sqrt(2) 6 votes6 votes

divided by 4divided by 4 3 votes3 votes

Consider a cantilever beam with aConsider a cantilever beam with a
mass attached at the tip. If themass attached at the tip. If the
length of the beam is doubled, thelength of the beam is doubled, the
first natural frequency isfirst natural frequency is

13%13%

27%27%

40%40%

20%20%
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6.6. 15 correct answers15 correct answers
out of 18 respondentsout of 18 respondents

use the principle ofuse the principle of
d'Alembertd'Alembert 2 votes2 votes

compute the totalcompute the total
mass of the flexiblemass of the flexible
element andelement and
divided it by 3divided it by 3

1 vote1 vote

✓✓

equate the kineticequate the kinetic
energy of theenergy of the
flexible elementflexible element
with the one of thewith the one of the
additional massadditional mass
located at the tip oflocated at the tip of
the springthe spring

15 votes15 votes

7.7. 12 correct answers12 correct answers
out of 18 respondentsout of 18 respondents

always validalways valid 1 vote1 vote

valid only abovevalid only above
the first naturalthe first natural
frequency of thefrequency of the
flexible elementflexible element

5 votes5 votes

✓✓

valid in a limitedvalid in a limited
frequency bandfrequency band
where thewhere the
element's naturalelement's natural
frequencies are notfrequencies are not
excitedexcited

12 votes12 votes

To compute the equivalent mass of aTo compute the equivalent mass of a
flexible element simplified by aflexible element simplified by a
spring element, one needs tospring element, one needs to

11%11%

6%6%

83%83%

When replacing a flexible element byWhen replacing a flexible element by
a spring, the approximation isa spring, the approximation is

6%6%

28%28%

67%67%
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8.8. 3 correct answers3 correct answers
out of 14 respondentsout of 14 respondents

✓✓

The value of theThe value of the
eigenfrequency ofeigenfrequency of
the modethe mode

4 votes4 votes

The average valueThe average value
of the modeshapeof the modeshape
consideredconsidered

1 vote1 vote

✓✓

The value of theThe value of the
modeshapemodeshape
considered at theconsidered at the
position and in theposition and in the
direction of thedirection of the
applied forceapplied force

14 votes14 votes

9.9. 3 correct answers3 correct answers
out of 19 respondentsout of 19 respondents

The equivalentThe equivalent
mass and stiffnessmass and stiffness
approach usingapproach using
static computationstatic computation
and equivalence ofand equivalence of
kinetic energykinetic energy

13 votes13 votes

The single modeThe single mode
approximationapproximation 3 votes3 votes

✓✓

It depends on theIt depends on the
type of aircrafttype of aircraft
consideredconsidered

3 votes3 votes

When using single modeWhen using single mode
approximation, the equivalent massapproximation, the equivalent mass
and stiffness of the SDOF systemand stiffness of the SDOF system
depend ondepend on

29%29%

7%7%

100%100%

Consider the wing of an aircraft,Consider the wing of an aircraft,
which method is most suited towhich method is most suited to
reduce it to an equivalent SDOFreduce it to an equivalent SDOF
system ?system ?

68%68%

16%16%

16%16%
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10.10. 0 correct answer0 correct answer
out of 10 respondentsout of 10 respondents

Correct answerCorrect answer

The body and the wheels needs to be considered as rigid, andThe body and the wheels needs to be considered as rigid, and
the motion restricted to vertical displacement.the motion restricted to vertical displacement.

What are the necessaryWhat are the necessary
assumptions to model a car as aassumptions to model a car as a
SDOF mass-spring-damper systemSDOF mass-spring-damper system
??

Concentration of massConcentration of mass

The equivalent stiffness and massThe equivalent stiffness and mass

Single degree of freedom, the vertical motion onlySingle degree of freedom, the vertical motion only

equivalent stiffness and mass approachequivalent stiffness and mass approach

Model tire using a springModel tire using a spring

The upper part is rigid + flexible suspensions(spring)The upper part is rigid + flexible suspensions(spring)

Small displacementsSmall displacements

Motion in only one direction (1D)Motion in only one direction (1D)

No variation of massNo variation of mass

Finite elementsFinite elements
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11.11. 0 correct answer0 correct answer
out of 7 respondentsout of 7 respondents

Correct answerCorrect answer
You can use a cantilever beam, but you should consider theYou can use a cantilever beam, but you should consider the
mass at the tip, so a beam finite element model is probablymass at the tip, so a beam finite element model is probably
the best option.the best option.

What type of model would you useWhat type of model would you use
to model the dynamic response of ato model the dynamic response of a
wind turbine ?wind turbine ?

SDOF system modelSDOF system model

Mass(top) + spring( column)/ also as bar with mass on topMass(top) + spring( column)/ also as bar with mass on top

Finite Element modelFinite Element model

Mass +2 springs (vertical & horizontal)Mass +2 springs (vertical & horizontal)

Beam and mass at the topBeam and mass at the top

Finite element modelFinite element model

Continuous modelContinuous model
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