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ABSTRAcr 

Although mechanical systems subjected to random excitations have been 
extemively stud i~d during the past few years, there <lppears to be no anaJysis which 
tdkes into account the possible creep deformation of the mechanical elements due 
to the loading on the sy .. tem. As is well known. the creep 10 metals, being an 
energy absorbing process~ introduces an equivalent damping into the system and 
hence attenuates the vibrations. A study of this creep damping in coiled springs 
bas been made by Hoffl 

In this paper~ the study of mechanical systems idealised by a single degree of 
freedom system, which admits both elastic anti creep deformations~ has been 
undertaken. By assuming a stationary," Gaussian. white noise type of Random 
ex.citation on the system. the statistical properties of the response have been 
obtaiaed with the aid of Generalised Harmonic analysis:!. Also, an estimate of 
the damping introduced into the system due to creep, has been made by evaluating 
the energy absorbed by the creep process. 

ANALYSIS 

Consider a single degree of freedom system whose equation of motion 
can be written as 

where 

m (d ' x/dI2
) + " ~ mg + F 

m is the mass 
x ;s the displacement 
F, is the spring force 
g is the acceleration due to gravity 

Fi is tbe impressed force. 

By Haake's law 

------
"The Random process assumed is not only stationary bUl also ergodic. 

[11 
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where, 
..L,, is the eiastic part of displaccrricnt 

Assuming the  displacement or rlae apring deformation to  consist of both 
elastic and creep dcformarions, and the  creep velocity 10 follow a linear law 
ot' viscosity, 

wlyerr: x,, is the creep dispiacement and KI i s  the equivalent d:~slipot constant. 

The corresponding initial conditions :rt r - 0 are 

The psrticuiar aoiution for equation f l ]  and [ 5 ]  under these conditions will tie 

This represenis the steady state motion without impressed force acting on 
l i ~ e  syslem. 

Now making the transformation 

and Q = F , - m g  

where the new variables X and Q represent the displacemznt and force in a 
S y s t m  of zero gravitation. 

by PI Xr - QIK, \ 
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where. 

By solving [lo] and [I 11 we can gat X and Q which in turn gives the solution 
for the response x and creep in spring, etc. 

For this, a t  this stage it is necessary t o  specify the function ~ ( t )  i.e. in 
turn fi  (t). 

F , ( f )  is taken as  a Gaussion random variable stationary, mean zero, 
white noise type Lr.. constant spectral density type. 

d Fr ( t )  Hence - which can be thought of as a linear combination of two 
dt 

nornlal random variables with subsequent passage to the limit, can oh0 be 
taken as  a normal random variable with mean zero3. 

$4 (4 is a,so 
By similar argument ~ ( t )  the linear combination & ( r )  and --- dt 

a normal random variable with mean zero. 

Therefore the solution to  equation [I]] using the convolution integral 
wiii be 

p - e x p ( - , % ) . ( ~  cos W 1 t + 8 s i n  Jv1 8 )  



To determine < Q''(I) ) , first, it is necessary to  determine the auto 
correlation frnction Rg (t, T) which will be just RQ (7) if Q is stationary, 
As the system is l inear  and sjnce ~ ( t )  is stationary Q ( t )  t he  output will be 
stationary and hence we can specify the auto  correlation function in terms of7 
odly and it will be independent of t. 

The terms io the aogu!ar brackets - ~ ~ ( 7  + TJ - T ~ )  Pol 

As ~,71( t )  is Gaussian, random variable, mean zero of white  ocise type it., 
Constant spectral density type. S$i ( W )  = So - consl. Whore the letter S 
stands for spectral density. 
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Substituting [16] a n d  I201 in [19] and integrating , 

RQ (7) - --%- 
XP Wl 

""P - e l )  { ( W: - 4 8') w1 COB wl T 

+ ( w,Z + 49') f i  sin ii', ~j [21] 
Therefore 

V $ = ( Q ~ ( ~ ) ) ,  as  ( 8 ( r ) ) - o  - % (0) - (-5'o/88) ( W: - 4p2) 
~ 

Now 

Here integral transforms of Q and Ft 

4' - ./ Fj dt 

Meon Square : ( x2 ( r) ) - Rx (0) : 



where HQ ( r )  is given by [:7] 

& (T) - $ $ Rp (r) dt <it, RQj - pii (r) = ./" ./" RQ pi 1'7) di dt 

RF; I(?) = 1 $   SO/^) 6 (7) dt dl, RFI Q[ (7 )  $1 R F ~  6 'T) dt dt [D] 
Here Raei!79 < Q ( t )  Fi ( 1  + 7? ) 

-,/ h ( 7 , )  ( ~ ( 1 -  7 , )  ~ j ( 1 - t  7 ) ) d ~ ~  
0 

- ( ~ ~ 1 2 )  exp( - ,?a) {(WY - f i 2 )  sin W,T - 28 Wi cos w,<) [35] 

Hence all the quantities in 1391 and in turn 1321 are known. Hence Rx ( r ,  7) 
is  known. 

Now, x - X + x P  

< x ) - ( x > f G p >  

( x , )  - (mgl&) + ( r n g / ~ * )  r at rime I 

< X )  = (mid& ) + ( m d K 2 )  t P I  
i\.lean square value: ( x 2  ( I ) )  : 

To calculate the strain energy absorbed by the creep process: 

W, -work done - strain energy absorbed by the creep process 

But 
.K - & = m [g - d2x[dt2) ] 



Here 

(d2x/dr2)  - ( d 2 ~ / d r 2 )  [as ( d  Z ~ / d r ' ) ,  - 01 

(other terms are being zero) 

Using these expressions along with [29] gives 

< wc, ( t ) )  - m 
where 

Now, the decrease in the potential energy of the system i s  

Therefore <dE) - *& 
K2 



~ ( 0 ,  the dissipated cnergy is provided for by the redocrion in kinetic 

Sence h) ( r ) ,  the decrease in kinetic energy is a ni-aswe of the damping in the 
system as  the diferencc between the sq i~a rcs  of succcssivc peak veiocjties is 
prolmrtiocal to this decrease in k ine~ ic  energy. 

From the analysis, i t  is s e m  that inc2usion of linear creep deforma:ion is 
equivalent to inteodwcrion of viscous damping i n t o  !he system as the effect of 
both 1s the same, viz., attenuation of the  vibr:~tions o f  the system But 
similarity betwern them i s  limited to  this allenualion property, as the nature of 

the response will be difyerent for  the two cases. AS seen frcm the r e ~ u l : ~  
(expressions [36] and 2371 ), the  response o f  the  system to  a stationary random 
excitation (while remaining stationary for  the  case of viscous damping) 
becomes non-stationary for tbe case considered i n  this analysis. This dlffdrence 
in the statistical properties of the response can be attributed to  the time 
dependent nature of the creep phenomenon. 

The creep process being a n  irrecoverable process, absorbs er,erFy, which 
is met in part by the reduction of the  potential energy of the s!stem. The 
decrease in kinetic energy supplies the  rest o f  the energy absorbed by the 
creep processand this is a measure of damping as  it is an index to the ratio of 
succe\sive peaks of velocities. Since the excitation is random in narure, only 
a mean value of this energy dissipation can be determined, from which an 
estimate of the damping can be made. 
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