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Special cases of harmonic excitation

Special cases of excitation in a one-degree-
of-freedom system:

« inertial excitation and
« kinematic excitation
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Vibration Due to a Rotating Eccentric weight

(Inertial Excitation)

In the mass-spring-damper system shown in Fig, an
unbalanced mass m, , rotating with the angular frequency
w, is fixed to the mass m in a way that allows for rotating
movement only. The mass m, follows a circular path of
radius (eccentricity radius) with respect to the pivot.
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The centrifugal force acting on the mass is described by formula

where

272)

15 the moment of unbalance, It must be underlmed that the amplitude of the exciting
force is proportional to the square of the angular velocsty (frequency). The projection
of the centrifugal force onto the direction of oscillation is

|F(r) = F. cosax = m, ey cosatl (2.73)

This force ought to be substituted with the right side of Eq. (2.40) and the equation of
motion can be written in form

| mi = ¢ g+ kg=m,ew cosatl (2.74)
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Now. with accordance to Eq. (2.49). one can achieve
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The magnitde of the force transmitted to the foundation. tn accordance with Eq. (2.71)

am Fy = vyl Qan)’ F, =n've mee (2.76)

It can be seen that the dynamic mngnification factor. Fig. 2.18, and the transmissibility,
Fig. 2.19, are now described by new formmias, respectively
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I 1+(2an)® (278)
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Dynamic magnification factor v, as a
d i function of frequency ratio for various
i . amounts of damping
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The transmissibility v; as a function
of frequency ratio for various amounts

of damping
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Kinematically Forced Vibration

+ shis Single-degree-of-freedom system

I forced vibration by foundation
motion

Qlr)vu a

« The foundation or support of a structure undergoes
motion which varies in time.

« The movement of the foundations may have to be

with viscous damper, excited in

considered in the analysis of the dynamic response of

structures subjected to ground motion by:

- seismic (earthquakes)
- paraseismic excitation (mining tremors, action of machines
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).

The motion of mass m is described by a sum of the foundation motion u(t) and the
relative motion g{r) between the mass m and the suppert, i.c,

=(6) = u(t) +q(t)

The equation of motion, then, can be written in form

miii+q)+ecqg+kg=0

Of i1t @ more common way

mg+cq+kg=—mi

(2.79)

(2.80)

(2.81)
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The factor ca the right side of Eq. (2.81) has the same function as the excitation force
in Eq. (2.40). 1f the function u(7) 18 known, the right side of Eq. (2.81) i definite, then
for some types of this function (especially if it is harmonic) this equation can be solved
analytically. Let us assume that u(r) is a harmonde function

1(t) (2.82)

After two times differentiation of the function in Eq. (2.82), it can be substituted to Eq.
(2.81), and one can achieve

mi<cq-kq=mo’y, smor (2.83)

As has been stated earlier, the right hand side of the Eq. (2.83) may be interpreted as a
force (expuivalent acting force). The acting force can therefore be written in form

where

F, = mn, o | (2.85)
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where

%
mi,ar
ST — v, u, =v,u, (287

amg=v L
dk r

The magnitude of the force ransmutted to the foundation. in accordance with Eq. (2.71)

am F = v J1+(2an)’ F, =v, i'kn, = v ku, {2.88)

It can be seen that the dynamx magnification factor and transmissibility (Eqgs. (2.87)
and (2.88)) are now described by the same formmlas as in the case of the eccentric
rotating mass —see Eq. (2.77) and (2.78), respectively

The 1otal displacement of the mass m is

l:(!) =ult) +qlt)=n_smox +v_u_ s'm(ax—w)l 2.89)
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The amplitode of displacement of mass w is

cosyr (2.90)

Iam 2(0) =\t vy + 2v,

Since

a8 - - — = (L= ey (2.91)
1+ tan "y

using definition of v, , Eq. (2.50). the final formula. of the total displacement of the
mass M is

Im = r“lll +~(2anyu, = v,u,l (2.92)

It ought to be wunderlined that exoctly the same function describes the
transmusmbility of motion (frem the foundation to the stnzcture, Eq. (2.92)). and of
force (from the structure to the foundstion, Eq. (2.66))

It is interesting to note that. if > m, . v = r;:r,. 1.y =7, v —0,andthen

g =-u,smax=—u()] and | 2O =w+q0) = o| (2.93)
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In case of mertial and kinematical excatation:

*  The anglitudes of @splacement mnd force cansmutied fo the foundaton are
Gencxibed sow by new functious
o  dmmcmapuficon acer r =y instead the vy
o wammisabilty o& =y lnstead the 8%
*  The g Saness d fhese new M with cog w
the first caes:
o f peofo,—0 the values of funcboas approach zem (v, —0)
mswad approacinng 3 fumat qoe (v, —=1)
o if gmofe, ~= thy viloy of the v, appeoaches 2 limit ooe (
v, =1} inste>d gppeoactng oo (v, 0
o f genfe == = ! ppoacher mfiney (v, ==)
aynptotally o the liae 2ay ,
*  foc low tuming te response of the sysem can v et tan
£ 1he sesonancs (e Fig. 2.10)
o for pewer valoes of dampirg rabo i the valves of the
manunusitelicy ¢! prow fisier
*  The Qamgpind 1220 51l s 3 very langs infioencs oo (e anglirods 10d phase
asgle delay s the frequancy 16 00 Aede restuan e Whatl uwofa, &1
*  The phase agle ia very senunve 10 e (A00. 1 = s, i6the regica of pear-
resorance foe xmall damping.
*  The mciane megnifeanon TaC0 o0ouns sow I §edfo, —»
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For kKinematically forced vibration
When the frequency ratio 57 =@/, =>1, dynamic magnification factor

v, =n'v,—1, the transmissibility vy —0 the phasc angle delay
approaches 7.
¢ The mass remains at rest in an extemal inertial frame of
reference | =(t) = ulr) + q{r) = 0]
o The relative motion of the mass reflects in antiphase the
kinematic excitation caused by the movement of the ground
| q{f) = —u_sin ox = —u(l)l




