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ABSTRACT A discussed problem has been proposed, which is on a famous book, “ Vibration Problems in

Engineering”, written by Timoshenko S. The problem is that the equation( equation 1. 77e, p. 135) in origi-

nal Chapter 1 passage 15 is wrong. A revised conclusion in theory has been inferred tightly. After dimension

analyzing and study on exercise answer, the equation’ s dimension has been proved to be inconsistent and not a

printing mistake. The revised conclusion has theoretical meaning in vibration and practical significance in engi-

neering computing.
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1 INTRODUCTION

“VIBRATION PROBLEMS IN ENGI-
NEERING ( 4th Ed)”, written by Timoshenko
S, an American mechanics professor, is a famous
work about vibration engineering and plays an
important role in the research of vibration theo-
ry, engineering calculation and education. The
book is clear, compact, coherent and reflects the
application tendency of calculation technique in
vibration engineering. Readers may be impressed
by its tightness in theory and the accuracy in cal
culation. However, in the course of studying
this book, we found out there was a possible
mistake in equation (1. 77 e) of Chapter 1 pas-
sage 15. In order to obtain an accurate conclu-
sion, the possible mistake will be discussed in
detail.

A numerical method about one-degree sys
tem subjected to an arbitrary force is discussed in
original Chapter 1 Passage 15, whose mechanics
model is illustrated in Fig. 1. 54, p130. For good
accuracy, a solving process utilizing piecew ise
linear interpolation forcing function imitate the
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forcing function in the original( see also Fig. 1.
57, pl34 in original). As for undamped and
forced vibration, the response X; of the system
at time £ = ¢; can be calculated in equation( 1. 77
e) in the original.

x

20 .
X, = xocospt; + : sinpt; +

_ij'Zl{ Qj-1[ cosp (ti= 1;) -
cosp(ti— ti-1)] +
AQ;

kAtj[Atjcosp(ti - t)+

;)Lsinp(ti - t) -

1 .
psmp(ti— ti—1)]} (1)
We think there is a mistake in this equation
and testify it as follows.

2 DEDUCTION

Referring to original Fig. 1. 57, at the mo-
ment ¢t = {;, the response X; shoud be equal to
the free response X stimulated by the initial



« 720 - T rans.

Nonferrous M et.

Soc. China Dec. 1998

conditions plus the forced response x; stimulted
by a series of linear forcing functions @, (o,
. 0.

The free response X o stimulated by the inr
tial conditions can be calculated with the follow-
ing equation:

xXQ .
Xo= xoqcospt; + : sinpt;

As for forced response x;, the Duhamel in-
tegral used by the original is still adopted. As for
undamped one degree system stimulated by an
0= F(i).
sponse may be expressed as

x = }])“I gsinf p(t— t )]dt
t 1s a constant, t/

arbitrary force function, its re-

where
Q/m.

Referring to the original Fig. 1. 57, the
piecew ise linear interpolation forcing function (),

is a variable, ¢ =

1S

20, A0,

7
Q; = + ¢t (Qj-1- ti-1)
I Atj I Atj /
where
AQj= Q= Qi-1; Ay = tj— 1
Assuming

g = Qi/m(j=1 2, - i)

according to the Duhamel integral equation

L.
X; = ‘LI gsinp (t; — t/)dt/
p

0

3
}%[Ilqlsin])(ti— t/)dt/ +
by

(3

Iqusin])(ti— t/)dt/ +

b
! / /

ot I gisinp (t;— t )dt |
by

1 >

p,‘:l

2
gisinp (t; - t/)dt/

pi- fi[ Ql;lqmp(ti— d)di +
I _Q;

t%mp(t - t)dt -

I _@_t sinp (t; — t)dt]

integrating thls equatlon yields

xp= 'ijzl{ Qi-1[cosp(ti— 1;) -

cosp (t; —

t-1) ]+
AQ;

AL [ Aticosp(ti— ti-1) +
;}Lsinp (ti— t;) -

ti-1) ]}

thus the response X; at time t = ¢, is

'];sinp (t;,—

X0 .
X, = xocospt; + : sinpt; +

1
k,‘:zl{ Qj— 1[(:Osp (ti — tj) _
COsp ( t;, — tj_ 1)] +

AL [ Atjcosp (ti— tji—1) +

_)Lsinp (ti— t;) -

'];sinp (t;,—

ti-1)]} (2)

3 DISCUSSION AND CONCLUSIONS

Comparing Eqn. (2) with Eqn. (1), it is
known that the coefficient of the second part of
the forced response is AQ;/t; or AQ;/( k At;) re
Which is cor
rect? It can be judged by analyzing the dimen-
sion. The unit of displacement X ; is meter, that
of force () is Newton,

spectively in the two equations.

then the unit of the sec
ond part of Eqn. (1) must be meter. Calculating

the dimension of At cosp (ti— t;) yields

A
k kAt
that its unit is m*/N. So the second part of
Eqn. (1) 1s proved obviously wrong. Calculating
the dimension of second part according to Eqn.

23

nit is meter. Thus it can be seen that Eqn. (2) is
correct and Eqn. (1) is wrong.

Atjcosp (t;— tj). yields that its u-

The mistake in Eqn. (1) will cause large er-
ror of the result. Because spring constant & in
engineering construction ususally is very big,
k has 3 or 4 fig-

ures, maybe even larger than that. The calculat-
ing error can reach about 30% caused due to the

such as the original points out,

mistake of Eqn. (1) through computing result.
For example, the original exercise 1. 15—
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2, pl52, requires to determine the expression
X/ p of Eqn. (1), the original answer, pl42, is

X : X0
) = — xosinpt; + : cospl; +

_]];jzl{ Qi-1[= sinp (ti= 1) +
sinp (t;— ti-1)] +

AQ;

kAtj[_ Atpsinp (t;— tj) +
1
) cosp(ti— tj)—

1
) cosp(ti= ti-1)]}

Comparing the original equation with this
expression shows that this expression makes the
same mistake as Eqn. (1). This means that the
mistake isn’ t a printing mistake. The correct
answer is given as

X

. X0
= — xgsinpt; + cospt; +
)

P

_ij'Zl{ Qj-1[= sinp (ti= 1) +

sinp (t;— ti-1)] +
AL [— Atjsinp (t;— tji—1) +

1
) cosp (t;— ti-1) —

;)L(:osp (ti— ti—1)]}

Through the discussion above, it is believed
that the orignal equation 1. 77 e is wrong, Eqn.
(2) deduced in this paper is correct.
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