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1. Introduction

Consider a one-degree-of-freedom vibrating system subjected to a forced excitation of the type

N
F(t) = Z Fie"' cos w;t. (1)
i—1

Accordingly the governing differential system is

N
M3x + kx = Z Fe*'cos wit, x(0) = x,, x(0) = . (2a—c)
—1

1

Assuming now that «; = w; = 0 and taking i = 1, Eq. (2a) reduces to

M35+ kx = Fy, 3)

which constitutes the situation where the system is subjected to a constant force of magnitude Fj.
On the other hand, if w; = 0 one has the situation where the system is excited by exponentially
varying forces. Possibly the most important situation is the one where

a = ;<0 4)
*Corresponding author. Department of Engineering, Institute of Applied Mechanics, Universidad Nacional del Sur,

Bahia Blanca 8000, Argentina. Fax: + 54-291-459-5157.
E-mail address: ima@criba.edu.ar (P.A.A. Laura).

0022-460X/$ - see front matter © 2003 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jsv.2003.07.026



P.A.A. Laura et al. | Journal of Sound and Vibration 272 (2004) 1134—1136 1135

where the force values decrease exponentially with the time variable and constitutes an acceptable
approximation for blast loads [1]. The expression

N
Fi)=Y" Feh 5)
i=1

may be adjusted to accomodate to experimentally obtained force values during a blast situation.
Finally, if o; = 0, one has (adding the term Fj/2)

N .
1T

F(t)=1Fy+ Ficosw;it, ; =—, 6
( ) >0 ; i i i T ( )
which constitutes the Fourier series for the case where the forcing excitation is a periodic force and

the F;’s are determined using the well-known Fourier formula for the cosine series expansion,
2 (T in
F, = T/o F(t)cos ?t dz. (7)

Accordingly differential system (2) is a rather general one for three types of basic excitations.
For the sake of simplicity it will be assumed that

x(0) = x(0) = 0. (8)

On the other hand the consideration of viscous damping does not add any formal complications
to the treatment presented herewith.

No claim of originality is made by the authors but it is hoped that university students and
practitioners will find the results useful in their work. On the other hand, the present Note
constitutes an extension of a recent educational article [2].

2. Mathematical development

Expressing Eq. (2a) in the form
N
¥4 olx = Z Fle*" cos wt, 9)
i=1
where @2 = k/M and F! = F;/M, assuming as particular solution of Eq. (9) the expression
N
X, = Ae"'cos w;t + Bie™'sin w;t (10)
i—1
and substituting in Eq. (9), one obtains equating coefficients of like terms,
F; ocf — co% + wﬁ

M (0 — 0} + 2)* + do2w?

(11a)

i

F,' 20(,'(0,'

Bi=-1 .
' M (o2 — 0? + 02)* + do20?

(11b)
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Accordingly the general solution of Eq. (9) is
F;i
< (02 — ? + 02)? + 4w

x(1) = Cicos w,t + Cysin w,t + — Z

x [(0F — @? + w?)e*'cos w;t + (2o0m;)e* sin w;t]. (12)
Since
1 & Fi(e? — w? + @?)
x(0)=C +— ! ! u 13
O= G 3 2 ot i) + o7 o

one obtains
1 Fi(o? — o? + w?)

Y 2 2 2 2 2
M~ (07 — w7 + 02)” + 4ot o,

Applying the second initial condition results in

|- F;
C=— d (02 — w? + @) + 200, 14
: o, M lzl:(oc — 0} 4 02)* + 4o 2[ ( 2 } (19

Egs. (12)—(14) describe the response of the system under the generalized excitation.
For instance, if o; = w; = 0 and F; = 0 for i > 1 one obtains the well-known expression

x(t) = %(1 — COS myt). (15)

On the other hand, if w; = 0, the resulting expression yields

|
x(t) = — Mcos a)ntz

F; 1 Fio;
(oc +a)) smwnlz oc(oc +a))

(o + @2) o + w2
Fi(o? + 2)
_Z (oca+wcg) (16)
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