Journal of Sound and Vibration (2001) 244(1), 173-176 R
doi:10.1006/jsvi.2000.3495, available online at http://www.idealibrary.com on I1DE %lib

®

THE FINITE RESIDUAL MOTION OF A DAMPED
FOUR-DEGREE-OF-FREEDOM VIBRATING SYSTEM
E. V. WiLms
4301-65 Swindon Way, Winnipeg, MB, Canada R3P 0T8

AND

H. CoHEN
Department of Mathematics, University of Manitoba, Winnipeg M B, Canada R3T 2N2

(Received 13 October 2000)

In Figures 1 and 2 are shown two systems which oscillate in the horizontal direction. The
four bodies each have unit mass, the springs have unit stiffness, and the dashpots have
constant ¢. One of the systems oscillates indefinitely, while all oscillations are eventually
damped out for the other one. Which one oscillates indefinitely?

The undamped equations of motion are

X1 = —2x; + X, Xy =Xy — 2X5 + X3, (1,2
..)63 = X; — 2X3 + Xq, 564 = X3 — 2X4. (3, 4)
From the symmetry of the system, the undamped mode shapes must be either symmetric,
or antisymmetric with respect to the centre of the system.
Equations (1)-(4) reduce to
Xy = —2x; + X3, Xy = X1 — Xy, (5,6)
if x3 = x, and x; = x4. The corresponding symmetric undamped mode shapes are plotted
in Figures 3(a) and (b) (see reference [17).
If x; = — x4 and x, = — x3, the corresponding antisymmetric undamped mode shapes

are plotted in Figures 3(c) and (d).
Guided by the undamped mode shapes, we make the variable changes

x,=A+B+D+E,

AQ@+D+BG—V@_D0+V®+EQ@—M
5 ,

2 2 2

Xy =

_Aw6+n+Bu—¢5+Da+v®+Eu—v®
2

=TT 2 2
Xx,=A+B—D—E. )
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Figure 1. System A.
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Figure 2. System B.

The kinetic energy is

Ms

T =

% 3 - A%(5 J;z\/g) . B2(5 —22\/3) . D2(5 22\/3) . E2(5 —22\5). @®

1

The potential energy is
V=303 + (3 — x1)% 4 (x3 — x2)% + (x4 — x3)% + x3)
= 4210 — /5) + B*(10 + \/5)
+D?(20 + 5/5) + E2(20 — 5./5). 9)

For System A, we then have the dissipation function

1
F= (>€3 - 352)2 +§(>€4 —X%)

o

(D>(10 + 2./5) + E>(10 — 2./9)). (10)

N o

Lagrange’s equations,

d /oL 0L OF
—(=)-=—=4+-—=0, 11
dt <5Qk> 0qr 0y b
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Figure 3. (a) Mode shape A, (b) mode shape B, (c) mode shape D, (d) mode shape E.

where ¢, = A, g, =B, q3 =D, q, = E and L =T — V, then yield

A5 +2/5) + 410 — /5) =0,

B(5 —2/5) + B(10 + /5) =0,
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(12)

(13)
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D(5 +2/5) + eD(10 + 2/5) + D20 + 5./5) = 0, (14)

E(5 —2./5) + cE(10 — 2./5) + E(20 — 5./5) = 0. (15)

Equations (12) and (13) indicate undamped motion and equations (14) and (15) indicate
damped motion. Hence for general initial values of x; and X; (i = 1,2, 3, 4), finite residual
motion remains for System A.

The dissipation function 3c(%, — X,,)? for a dashpot located between I and m indicates
that finite motion remains only for [ =2, m =3, and [ = 1, m = 4. The other remaining
locations result in all motion being damped out. Hence all motion is damped out for
System B.

In references [2, 3] a procedure using vibration and control theory was used to determine
whether finite residual motion remained or whether all motion was damped out. These
systems had two degrees of freedom [2,4,5] and three degrees of freedom [1,3]
respectively.
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