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Welcome, back to structural dynamics class in this module we will study transmissibility so what

is transmissibility.
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* Transmissibility
* Example Problem
* Summary

So transmissibility is when a force is applied on to a body how much forces is getting transmitted
so that is transmissibility so as an example, if we look at say a vehicle is passing on the road,
vehicle is on the road. So vehicle has a certain weight and then it is transferring the force to the
supporting road so how much forces is getting transferred to that, that is called transmissibility.

So we will discuss that, in static condition all load will be transferred but in dynamic condition it



depends on the speed of the vehicle it depends on the natural frequency of the vehicle and then a
damping present in the system, so all these tree things. So how we work out the force which is

getting transmitted that we will discuss in this class.
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Transmitted Force /= ku+cii

u(t) =, sin(a! - ¢) u(t)=u, R, sin(or - ¢)

So transmissibility is it a ration of amplitudes of the applied force and the transmitted force. So if
you look at this figure this is the idealized masses spring and damper system, so mass is
representing the entire mass of the vehicle and then stiffness and damping together they are
representing the suspension of the vehicle so usually we have shock absorber, tiers and all those
things that is the suspension of the system and you can see here this P(t) is a force applied so this

has two components in it.

One is the amplitude part of it that is Py which is amplitude and then second one is the sinusoidal
part of it so this @ is a dynamic part of it, so this is dynamic part and this is starting part and
because of which this mass is vibrating so this u which is measured at the center of mass is a
displacement of the system, and when it comes when we will look at the bottom here like the tier
IS in contact with the road. So in a way this Psinwt this sinot is coming because of the movement

of the vehicle on the road.



If it is flat then this ® will become very less value if it is say pumping kind of road this value
increases and that also depends on the speed of the vehicle. So now vehicle is moving in the
towards the right side and then if it is very high speed then @ will increase, low speed o will
decrease like that. Then Fr is the force which is getting transmitted to the base, okay and then ug

is the ground displacement so the displacement which is imparted because of the road.

Now if we calculate this Fy so Fr has two components in it, one is stiffness multiplied by the
displacement and damping multiplied by velocity two terms stiffness multiplied by displacement
and damping multiplied by velocity. Now let us find out the solution of this like equation,
equation of motion if this is a proposal solution as a solution that is u(t)=uo which is amplitude
sinot-¢ so ¢ is the phase angle, u(t)=up is nothing but up=us.Rgy rRqy we know is a ratio of

dynamic displacement to static displacement amplitude, so this is a equation.

(Refer Slide Time: 04:11)

Transmissibility im0 4 6098
Substituting U(t) in F; \]/F o
Fy =ku R, sin(of-¢)+cu R acos(orf - ¢)

Fy =u, R, (ksin(of-g)+cocosor—g) Fyy = PRA1+(25)

Fro =i, Ry k' +(coy % =R1+(2& f
i o, Since R —” l
Fry=-LRk 14(%2 o
0= 3 G <) Ja-r) + @28
F, =PR, lizm;m..ﬂ’]z Frs 1+ (28 f _ iy
mnw= | )—‘ =
\ b, \(UJ +[l # i “Q.;.

Now if you substitute this in the above equation of Fyso what we will get let us see that, so Kuy;
and then c.; so if we differentiate that u once so what we will get is from this one, so if we

differentiate this one so what we will get is @ comes out, okay and then that becomes cos as you



can see, okay. So Us.Rgwcosot-¢ so then up on further simplification usgRy can be taken out
ksinwt-¢ cocosmt-¢p SO what is important to as this is the amplitude, so amplitude of this sin and

cos is if we have Asin©+Bcos© amplitude of vibration is square root of A%+B?,

So that is what is worked out, so this is a coefficient and Cw is a coefficient so ust x Rd under
root k*+Cw?. And here you look at it, this is a amplitude, this is a variation with time function
and this is only amplitude. So we are taking out amplitude from it and then UST is nothing but
PO/k Rd value remains k if we take out it is (1-Co/k)>.

So upon further simplification of expanding of the values okay of C so 2m{wn is a C value, so if
we expand it, it looks like this and upon further simplification we get, so if we substitute Rd also
in this one and then take the ratio okay, this PFTE/PO so FT is a force transmitted and PO is the
amplitude of the applied force.

So amplitude of transmitted force by amplitude of applied force is equal to like Rd x under root
(1-2¢%)?, if we put Rd value in this one, so what we will get is this. So amplitude of applied force
transmitted force by amplitude of applied force is equal to this whole big equation, that is
actually equal to amplitudes of this one U..0/U..GO this is a applied force and that is a

transmitted force.
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Example Problem

A weight of 150 kg is acted upon by vehicle of force F =
300sint. Assume § = 10%. If stiffness of surface on which
vehicle is resting is 50kn/m, Find the amplitude of force

transmitted. )
: Static deflection
Solutions
Natural Frequency p Poo300x10°
| 500 o : — 3 =
@, = E RyRS -1826rad/sec K S0x10
" Ym V150
Frequency Ratio
29 i
a 1827

Now let us solve one problem using this principle okay to understand this phenomenon let we
will learn more. So a weight of 150kg is acted upon by vehicle of force F=300sin6t, so this 6 is a
forcing frequency and 300 is a amplitude of that force, and the damping assumed in the system is
10% and if stiffness of surface on which vehicle is resting is 50kn/m. Find the amplitude of force

transmitted.

So let us first find out natural frequency which is under root k/m so k is given as 50,000 and
mass is given as 150kg so with that we will get 18.26rad/sec so that is natural frequency. Then
frequency ratio forcing frequency is 60 oh! so this is 60 not 6 this is 60 sin60t. So forcing
frequency is 60/18.27 so that is 3.26 is R, so frequency ratio R. So if we find out static deflection
that is PO/k so force amplitude is 300 and k is 50 so if we detect the ratio we get 6.
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Example Problem (Cont...)

Steady state amplitude  u(f)=u, sin(ei - )

Displacement response factor

I 6
Hy = | ~.'-" v 23 - I 3
JO=r Y 128 =326 +(2x0.1%3.26)°
IR ey A IV RN PERD)

: _ B _=0.124
{ggr]r_(l-r‘} P y(zxo_|x3.26}-’+h-3_26")

Fy
R
A = F,,x0.124=0,124x300=37.1 kN
6

Then steady state amplitude is u=u0Osinwt-5, so displacement response factor, so with this one
u/ust=Rd that is 1/ all this value. So ust we know ust value we have put there and FT/P0 is 1+2(
or all this value, so we substitute appropriate values in that. So we get 0.124 as the ratio. So if we
want acceleration t which is transmitted value is FT x 0.124=0.124 x 300 given, so 37.11kN. So
when the force applied is 300kN the 37.11kN is the force transmitted.
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Summary...'

So in this class we have studied how the force is transmitted from the moving vehicle on to the
road like it depends on like three factor one is the weight of the vehicle and second one is the
speed of the vehicle which is deciding the frequency of application of force and then third one of

the damping. So with which the load is getting transmitted.
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