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ABSTRACT

This paper is intended to present an approximate method to determing the dynamic response of
damping structures, beginning with the parameters value of the initial moment t,=0 and asscssing the
value of (hese pararmeters al the moment 1 1, based on some conditicn of Galarkin type. This method
15 eayy to be simulated on the computer.

L INTRODUCTION

[n the structure dynamics the equation of motion under the most compact form is expressed by
the differential equation oo matnx foom [3]:

M-ii+B-a+R-u= Fi}) QL)
waith the mitial conditions ;
u{l)=u
[9(0) = u, a
| a0y = v,

where uit) is vector of oscillation parameters, F{t) is vectar of disturbing forees, M s masses matnx [or
n matrix points { my; 0 for iz) and oy = oy for Lje {1,200} 3 B is matrix of damping coellacients |
b= b, ). B is mamx of structure ngidity (5 1; ).

It is required to find the solution of the difTerential system (1) with the initgal conditions {2), that 15 to
[ the vector of displacement wit) =(u; (), weAt), ... oty .. ugit} j-", where u (L) represents mass
displacement m; on the direction of oscillation parameters towards the equihbrium position.

2. EXPRESSION OF APPROXIMATE SOLUTION

It 15 considered  the time tange [L 4 ]= [0,4] with At =t -1 o Within this range the displacement vector
uf1} is approximated by the polymomial vector:

Uity = Aq+ tAg + 2-Ay + AL 1e]D, Al (3)
where A Aa. As and Ay are unknown vectors determined [rom the limited conditions of the range
[tg.5] wiich ae .

[} = w, wnd a(l) = v,

: i}
]It.l{.f|j=||_ aned W= v,
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Vectors wy, v represent properly the initial conditions (2] and vectors u, and ¥, are considered
parameters thal should be determimed from the condimons imposed on the rest
Intreducing the conditions (4} iuto the fanctions (3] it results

-'i'l = Uy, "".! = Vo
Y =_.2. ‘u _i_u __1 e _;_‘. (5}
1o T LA R (R
3 3 2 1
a7 " g T TAD T (A
Replacing (51 in (3) and making the notanons -

J 31:2 Zta . 21.2 t-!

|.Ad ==

P ti=1t-—F— P i =t-—t —
A1 {At) i [At)? #A1) { AL * [ Aty
o g
Pz —— — LR | e e
:ll: } I:.'H:F iﬂjjﬂ I-I: ] |:|'!|.1':|+|:l:1|t:|!
then the approximate sulution is expressed under the form :
ult) =y my = O v B+ Dy {7

(6)

3, DETERMINATION OF THE REST
Introducing (7} in the differential system (1) it resolts the rest:

e(i}=M-i()+B-a{r)+ R uf) - Fis) ()
which can be expressed thus!

E(l} = @y~ Py 1P, HP-u, FQyy. -Fil) )
whera

f=P, M+d, B+, -R. kef1,234} (10
Introducing the nolations:

|'{:‘|[:} -2.M+2-B+t' R

D) = t(6M + 3B+ ¢* R) (L1}

LE{:}—R-H,, +B-v,+i-R-v, —F{{)

and
: 1
X =——(- 3u, - 2(Ar) v, +3u, —(A) v ]
|:.."|I..|'.] .
1 {12}
v R CORTEEDRICURY
then the rest expression bacomes:
g~ CX+DY+E (13)
and s CoOMponNents aret

n

gl = Z{L-E{f}- x () +dlr)- ¥y () +elt ]} torie{1,2, ... .n}. (13)
F’!

4, DETERMINATHON OF VECTORS u, and v,

Within the time tange [0,A¢], D0 and G(t) are considercd as basic [unctions as they keep the
gign constant within the range. To find the vectors and v, the conditions of the rest ortogenalization
{137} are assessed with basic Tunction @1} and h,0t) within the fime rangee [,At]
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(@,.5(0)=0

foricfl.2, ... .n}. {143
{md '-'E:J [f:l} =0

Introducing the notations:

I

L' Ak
3, = [o,(t) Daitict: &, = [dt)-yitiat.
[a} i

al Ab
]anl 1| = _[':'j':.l:" mq [t]'dt: ﬂrm,'-- = jdlit] L ‘I:'q{'t:ldt |; 1 5]_

] ]

| ar al

LQ-_‘IEU{E}"I'ait]'dti G = | & t)- @, (t)ct
[ o

A=fa, ) kl={12..2n}
where G =1{9,, 9y i)

Z = (X, X KWy Yoo ¥a)
then the system {14), taking into account (137, may be written under the compact form;

AL=0 (1e)
Solving the system (10) it results vector £, therefor the vectors X and Y are determined.
Tukmge inte account the relations (12) i results the systemn:
{Ju-_-[ﬂ.l} ¥ = (AGSX + 3wy + 2 (At

2w ALY = (ADY - 2wy - (AL (17)
Mot
H, - (A X + 3u, + 2{ADw,
{l{;t (AU™Y - 2mq - (0w (1%)
the systemm (17715 wrilten as follows:

Au. —[At)-v_ =H, T
I. [ »} I:].' :I
~2u, +{A)-v. =M,
Solvime (177 it results the parameters vectors o, and v,
‘u, —H, +H,

v, = ﬁ[zﬂ., +3H,) £

By mean of these vectors one may write the system solution (1) in poant L G by replacing in {7):
wit) = &pwy ~ Qyvy + @{Hy + Hp)+ Dy {2H) + 3HpAL {200
This 15 the approximate solution within the tme tange [, 4] - [0, At].

5. CALCULS OF MATRICES A AND 5

1o determine the coefficients of the mamces A and G one may vse an approximate method for
integral caleulus or may use the following idea:

Functions (0 and du(th may be wntten under the form:

ey, oz ) = oy F + agt (21}

s
( [ 3 2
HOSH arEr
N
@, (1) = {1{— T ,:J
Analogously, funciions ¢ and d;(th given by (11} may be written by mean of the function:

(22)y™=
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BB, Br Ba Pa 1= Py + Bt + Bat’ + ot (23)
(e, = W(2m, 2B, 1, 0.0) _— ; i
thus; Eﬁ"y — (0, 6m, 36,7, () forwige=§1.2,...n} (24}

Ta abtam more compact and accurate expressions for the calenlanion of the coellicients a; and g; with i,
Jef12, . n} one may write as follows:

Wy, oz, By, Fa, By, Ba) = f{b{'{; }r;:_l_*;]. lel[.lrjl :ﬁ.—ﬂ_;-ﬂ,}df (25)
Tﬂkinsimmmlm}.mmm;ﬁm
5 M o ¥
]{ﬂl x,, Jrjl JH ﬁ'rﬁa‘}— I ﬁl {ﬂ,j .LM

_i_'r-’-'.I-'J_I"'*'-:'::;hlr-:j [J'L:] ﬂﬂq"'aﬁ A4 } iﬁ:‘---{'_"'; )’

Aa0) +
(25"

By mean c:l' (2%) and ot the mpn:l.muu fE'v ) the lntr:-gm!ui |5} may be -a::ilcula'r-:xl accuratehy as follows:

3 -2
&), [Ifi'-I] T —2m, 2b, F, D,

|
|

.7 T
[ 1o = |£M‘.' i }—ﬂ &m,,3b,,1, | N "
i : ; fore, jeil2.....n} (2
| 1
— e, — 20 0, O
Ay !'[ At {ﬁt:li I I J
. o
By =0 —— 0, 6m,. 3, r]
A T {»m‘
“Turning back to the vector E(t) (11}, its components may defincd by
':I::l:] - IL- L t'kl'.l-ll:.t.:l r':"..] I E 't 1 rl:'- -:“i {ET}
where
fy-ul b, w0 )
Ih' EI:" “ ' R iefl..m (28}

L.i'l. = E £ -1.-!
I'he coeflicients of the free from the svstem (18] are caleulated with the relation {15) and muay be
Explmnl:d ns folhows:

|g —-ja (1) Dyt =—L +.J

{ (29)
E'\il:‘t:l ' I:T]-l-l:-t:ldt = L +n + I"Ii-|'|

|:-'|-—-\.E;,

|gl-rI 2
|

where:

f 3 el
ik, 0.0
[L [(ff +h 1) @y (0dr = 1| o ek ]

(300

[ 1
| La.n =j[hf + &, -r]-lb_lfzjg{=;l_

1
— = h £, 00|
: N-l:m-]} et -l -] .llll



49

Al
3= [Fi+ ) o,
il

¥ fori e{1.2.....n} (1)

Jow= JECT41) @ (1)
L

By mean of the integral (257) one may accurately caleulate the coefficients of the system (6),
excepting the free terms which may be calculated with (30 and (31).

To calculate the integrals given by (31) an approsamate method may be used, which may have
az amall as error for each ype of disturbing forces.

6. ERROR OF METHOI}
If we consider the method as an approximate ong, which is the ermror made when calculating the
solution {1) with the immial conditions (2) within the time range [(11].
When noting with (1 }the accurate solution of the problem (1) with (2), and noting with u{t)
the approximate solution given by (200, it follows that the crror inoa point € e (0.1 is:
dity=ul/)—uli) (%)t e[l (32)
and the total absolule error within the range [0,t] = [0LAL] is

A
&)= “5 ) ]|:!I! {33}
1]
In |3] it is setiled thal his error ingreased on each component thus:
&' (1) <H; (A (337
where
placsl slaf] af=8 &lkeedl eies .
H= [’ | it i )3 for B, Ee(, Ar (34
max lEDIH'[E*“]E, , i Y [n',']lli- el A )

forviell, 2, .. .n}

7. ALGORITHM FOR SOLUTION DETERMINATION

Ta determine the approximate solution {20) for any tine range |0, At] (with a small AL} it is
necessany to find the vectors w, and v, For this delermination ong should pass through the following
sleps:

=calculatc matrx A using (28);

~caleulare vector Lousimg (300;

-caleulate vector J using (31);

-caleulate vector G given by (29);

-solve the svstem {16) and get the vectors X and ¥;

-determme the vectors Hy and Hy given by (18):

-find the veclors w, and v, by mean of (19},

-write the approximate solubion within the range [0, At].
The smaller the time range is the smaller the error is, according to (33) and fhus the approximate
solution is closer (o the accurate solution.

8. CONCLUSIONS

ay Problem (1) with (2 has appeared during the study ol mechanical and acouwstic vibrations and in
clectronics, and it iz solved for the case B =0, When B # 0, the cxastent modal method needs the
introducing of some approximate dumping factors on each companent [3]

b} This method gives the selution of the problem (1) with (2), with the speciul sccuracy if

Ate {01, ..., 0001F.

) This method is applicable for any type of disturbing toree Fit) and fur any type of dumping 1B
d3 The method may be nse for any time rangs [0,T] as follows:
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-Dvide bme ningee mito 0 subranges, equidisiant or ool [L, G ] with A= §, = 4 and
=il 1, ..., m-1}.
-Apply the algonthm for the bime rmee [, ] and it leads o wfi;) and (i)
-Repeat the operation. analogousky, for the time range [t,,.,. t,] resulting o t,.) and
Vi tal.
¢) the algorithm presented above should by essily simulated on the computer due (o the caleulus
systematization,
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