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Abstract-Making non-stationary random excitation in
automobile vibration system change into stationary one is
that the sample function of random excitation studied is
made into a product of two functions, one of which is a
definite function, called observation function, the other is
stationary random process, called stationary random sample
function. This article presented the necessary condition on
which the observation function exists and the calculating
formula of it, providing a theorems basis for the further
research about non-stationary random vibration of
automobile systems..
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.. THREE THEOREMS

Changing non-stationary random excitation change
into stationary one is that the sample function of random
excitation studied is made into a product of two functions.
For one dimension non-stationary excitation f(t), we can
get:

f(®)=g (1)x(t) (1

—”"denotes random vibration excitation.
For multiple dimensions,
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X(1)=
%)
Simply,
F(t) = G(t).X(1)

g(@®) or G(t) is a definite function or a definite matrix.
g(@))>0. G(t) is a matrix which can be inversed. X(t) or
X(t) is weak stationary random excitation. So the key
problem is how the g(t) or G(t) is designed.
Theorem 1
In one dimensional random process, the necessary
conditions on which g(t) exist is

1. Dp(t)# 0, Ex(t)% 0

(3)
2. JD;®
(

= C.E(1)
4)

Dg(t) presents the variance of @), Ef(t) is presents the

mean values of f(t).
Demonstrations
From

f(©)=g (1)-x(1),
Have
D(t)= g(t)*.D,(t), D,(t) presents the variance of X(t)

E (1) presents the mean values of

x(t)

E¢()=9(t)-Ex(t),

Or
E. ()= Er(t)/9(t)

D (t) = Dp(t)/g(t)?



A cording to the nature of weak stationary random
excitation, we can get

d _9(&)?Dp(t) — 2g(t)g()Ds(t) _
0= PTG} =0
Thus

g(©)?D;(t) — 2g(t)g(t)Ds(t) =0

In case of D(t) >0,

D.(t
g - AL
2D; ()
Pr® 4 1
g(t)=C1e ZDf(t) — CleEI"Df(t)

= ¢,/D;®

g)=0

®)

From E,(t)= E(t)/9(t)
According to the nature of weak stationary random
excitation, we obtain

g(O)Ef(t)-g(O)Ef (1)

d —
o 0= 9(6)?2

=0
g@®)E-(t) — g(t)Es(t) =0
Here ask for E(t) # O, then combining eq.(5)

Ef(t)

9= Ce rO = G EF(D)

=C; D) (6)

Thus
1/Df(t) =C.Eq(1), C=C2/C1 , Cis a constant number.

Theorem 2
In multiple-dimensional random excitation F(t),
if De(t);; # 0, (i # j), the necessary conditions on which
G(t) exist is

1 Dp(t); #0, Ep(t); #0

DFp(t);j
Dp(t);j

Dp(t)ii

Dr(t)jj
=0
Dp(t)i

Dr(t);;

(

F(t) = GOX(Y),

Have

Dx(t) = G(E)D,(t) G(D)
(N

Ep(t) = G(t)Ex(t)
(®)

From eq. (7),

Dy (£);j=Dr(t)ij/9(£):g(t) j

Following the nature of stationary random excitation,

d
d—th(t)
_ 9:(09,()Dr(0)y; — Dp(D)yyd[g:(D)g;(®)]/dt
- 91029, (t)?
=0
gi@®)#0,(i=123 - n)
Therefore

gi(t)gj(t)DF(t)ij — Dp(t)y; [gi(t)gj(t) +9; (t)gj(t)] =
0 )

Leti =j, €. (9) becomes

9:(©)*Dp(t); — 2Dp ()1 9:(1)G:(£) = 0
(10)

Ask for Dp(t); # 0, hense
Dp(t);;
2D (t)y

gi(t) — g:t)=0

Dp(t)y;
IZDI;(tSHdt
= Ciy/ Dp(t);;

g:(t) = Cie
(1)
C; is constant
In case of Dp(t);; # 0, take eq.(11) into eq.(9) and get

Cl-CjDF(t)ij DF(t)iiDF(t)jj -

’DF(t)J‘j Dr()ii pr®i Pr®jj| _
Dr () [Cicj Dr(t)ii 2 + GG Dr(t)jj 2 =0

a B yare constants which are not egual to zero simultaneously )

3. Dp(t); =CEx(0);

Dg(t) is the variance matrix
mean values of F(t).

If Dp(t);; =0 (i # /), only condition 1 and 3 can be
considered.

Demonstrations.

From

(i=1,2,3 «+ - n),

of F(t), Ep(t) is the

(12)

Since Ciand C; are arbitrary constants, through
simplifying, eq.(12) can be written as
Dr(t)ij
Dr(0)ij

Dr(t)jj
Df(t)jj

Dp(t)ii
Dr(t)ii

(13)



a B vy are constants which are not egual to zero
simultaneously

From Ep(t) = G(t)Ex(t) , have

Ex(t); = g;()Ex(t);

Ex(0); = Egi((?)l gi(t) #0, (i=123 - n)

According to the nature of stationary random excitation,
get

d fr—

- Ex(®); =0
Taking eq.(11) into account, by the same way as we
demonstrate Theorem 1, we have

VDp(t);; =CiEx(1);

DF(t)ii * O, EF(t)l * 0 (| =l, 2, 3

a4

If Dgp(t);; =0 (i #]), only eq.(14) is necessary.
Theorem 3 In case Theorem 1 or Theorem 2 is met,
definite function g(t) or matrix G(t) can be calculated as
below

(aJl

Simply, vibration model of vehicle can described as (ref.1)

MZ+CZ+KZ = F
(15)

_ £ (t _ _
If F= {}il( )} A and B are not relative

random number

Have

D. = [DAsinZwlt 0 ]
F 0 Dy sinw,t

So Dy and D; or D, can be calculated easily in (15),
which are important for the vehicle design.
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1. g(@t) =C/Ds(t) or g(t) = CEs(t)
2. gi(t) = CiyDp(t); or gi(t) = CGEp(t):

C and C; are arbitrary constants
When we demonstrate Theorem 1 or Theorem 2,
Theorem 3 is proved simultaneously.
Example
Take a two dimensional random excitation

JAGIIN {/fsinwlt}

AH@®))  Bsinw,t
If wit #0, w,t #0 this random excitation is proved to
meet the Theorem 1, thus

91(t) = C1y/Dp(t)11 = C14/Dysinw, t
92(t) = Coy/ Dp(t)2, = Coy/Dpsinw,t

D, or Dy is the variance of 4 or B

Fig. (a) and Fig. (b) are vibration model of vehicle.

(b2

II. RESULT AND DISCUSION

Now we see, the condition about making
multi-dimensional non-stationary random process change
stationary one is more harshly than that about making one
dimensional non-stationary random process change
stationary one. One dimensional non-stationary random
process is a special case of the multi-dimensional
non-stationary random process. The results provided in
this article are the same with those derived from ref.2
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