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It is the  aim  ofthis  paper  to develop a  strategical  method  for the determination of  SEA

total loss factors CI]LFs) and  some  of  the coupling  loss factors (CLFs) for built-up
structures  based on  the reoent  development of  in situ measurement  techniques  and  the

Statistical Energy Analysis theory. An  obvious  advantage  of  the method  is that  the

determined TLFs  would  include the dissipation of  coupling,  and  
`automatically'

 share

the dissipation loss of  the coupling  to each  coupled  subsystem.  The present strategy

provides an  applicable  means  for determination of  total loss and  some  coupling  loss

factors of  built-up structures  for high frequency structure  borne yibration  and  sound

prediction. Satisfactory results  of  numerical  experlments  of  the present strategy  have

been achieved.
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           1. INTRODUCTION

  The  Statistical Energy  Analysis (SEA) developed
by Lyon') and  others  over  the  past 30 years offers  a

powerfu1  and  strategical rneans  for estimating  the

distribution of  average  vibrational  energy  levels

and!or  structure  borne noise  in a  complex  structure

excited  by broad band  random  forces or  sound  pres-

sures.  The  SEA  system  is idealized into an  assem-

blage of  individual subsystems  which  are identified

by classes  or  groups  of  resonant  modes  of  a  same

nature.2>  The  energy  dissipated by a  subsystem  due

to internal damping and  radiation  to the adjacent

media  is characterized  by the loss factor (LF), which

t On  leave from  the  Jet Propulsion Dept., Beljing Univer-

 sity of  Aeronautics and  Astronautics, Beljing, P.R.

 China.

p!ays a  role  of  proportionality constant  between the

stored  vibrational  energy  and  the dissipated energy

ofthesubsystem.  Theenergytransmissionbetween

spatlally  direct related  subsystems  is represented  as

to be proportional to the  difference of  their energy

levels, the  proportionality is the  so-called  coupling

loss factor (CLF). SEA  theory  leads to  the  descrip-

tion  of  energy  balance for each  subsystem  con-

sidered.  The  steady  state  energy  balance of  all the

subsystems  represented  by a  linear system  of  equa-

tions  is indicated in terms of  the loss and  coupling

loss factors. If the various  coupling  loss and  loss

factors are  known  then  resulting  vibrational  energy

levels in the structure  elements  andlor  sound  pres-
sure  levels in the acoustic  spaces  could  be predicted
for any  arbitrary  distribution of  power  iajected into

the system.
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   Coupling  loss factors have  been dealt with  by a

 lot of  SEA  researches,  such  as  by Lyon  and

 SchartonS) or  by Crandall and  Lotz.`,5} Conven-

 tionally, two  basic strategies can  be used  for the

 evaluation  of  the coupling  loss factors: wave-trans-

 mission  method  and  natural  frequency-shift method.

 The  expressions  of  coupling  loss factors between

 some  typical subsystems  are  presented in the Lyon's

 book.2) Recently, W6hle,  et  al.6) presented a

 generally valid  method  fbr calculating  the coupling

 loss factors at a rectangular  slab  junction for in-

 cident  bending, longitudinal and  transverse waves.

 Langley7,8) derived a  general result  of  CLF  between

 two  connected  subsystems  which  involvgs a  space

 and  frequency averaged  Green  function. Simmons9)

 suggested  that the SEA  coupling  loss factors can  be

 calculated  using  the procedure  described that is

 based on  FEM.  In this paper, it is supposed  that

 rnost  of  (or some  of)  the coupling  loss factors be-

 tween  the subsystems  could  be predicted with  sufi

 ficient accuracy  based on  the  theoretical calculations.

 A  strategical  method  is developed for determin,ing

 the  built-up structure  totai loss factors (TLF) and

 some  of  the coupling  loss factors which  are  diMcult
to  be predicted with  enough  accuracy.

   Loss  factors of  a  SEA  system  represent  the energy

 dissipations ef  every  subsysterns.  However,  the
mechanism  of  dissipation identified as  material

damping  and  radiation  to  the adjacent  media  are

very  complex.2,'O)  No  reliable  theoretical fbrmula-
tjons are  available  fbr estimation  of  loss factors, the

most  commonly  used  method  of  determining the

loss factor is to measure  it. In the conventional

SEA  approach,  LF  is usually  determined fbr each

individual subsystem  in the  uncoupled  condition

from  the  structure,  however,  the dissipation can

differ significantly  from  the uncoupled  to  the coupled

condition.2)

  When  considering  a  built-up structure,  the  dis-
sipation  introduced by the joints has also  to be
taken  into account2,'O):  1. For  riveted  joints due
to  the surface  slip  and  plastic deformation  of  the

overlapping  surface,  or  due to viscous  flow in the
region  between the metal  surfaces. 2. For welded

structures  due to stress conoentration  and  the damp-
ing of  residual  weld  materials.  Also, the  change  of

the acoustical  spa ¢ e jnto which  the structure  ele-

ments  radiate  energy  and  the alternating  ef  edge

conditions  between coupled  and  uncoupled  condi-

tions  rnay  significantly  influence the  dissipations.

                J: Acoust. Sbc. .lpn.  (E) 14, 1 (1993)

 As  mentioned  by Tratch,tO) not  much  progress has
 been made  in the deterrnination of  loss factors for

 built-up structures  since  Ungar:'i) Ungar (1973)it)
 pointed out  the importance of  the  effects  of  struc-

 tural joints on  the  damping  of  built-up structures,

 and  concluded  that  the  greatest need  for future

 work  exists  with  respect  to the damping (and in turn
 loss factors) of  high-frequency vibration  of  built-up
 structures.

   It is the aim  of  this paper  to develop an  eMcient

 strategicai method  for the determination of  SEA

 total loss factors and  some  of  the coupling  loss fac-

 tors for built-up structures  based on  the reoent

 development of  in situ  measurement  techniquest2,`S)

 and  SEA  theory.  The  power  iniection method'2)

 can  be used  for the rneasurement  of  input power  and

 the  steady  state vibration  cnergy  level of  the  sub-

 system.  In case  of  determining total loss factors,

 for a  system  possesses N  subsystems,  only  IV timo.s

 separate  measurements  is needed  for detgmiining

 the  ratio  between  input power  and  vibrational  engrgy

 of  the subsystem  into which  power  is mie:ted.
 Based  on  the in situ  determination of  the  ratios  of

 input powers  to the  energy  levels as  well  as  the SEA

 linear system  power balance equations,  N  nonlin2ar

equations  can  be formulated with  N  unknown  total

loss fttctors of  the system.  Solving the  N  nonlin:ar

equations,  the N  total loss factors could  be d:ter-
mined.  The  accuracy  of  each  deterrnined total Ioss
factors is not  infiuenced much  by the small  errors

of  the  measurements  of  the input power  and  the

vibrational  energies.  The  strategy  is tested with

some  numerical  examples  of  Woodhouse  and

Hodgesi`,i5) and  compared  with  their resu!ts which
was  assumed  to be based on  N2  times  measurements.

Satisfactory results  of  numerical  experiments  of  the

present strategy  have  been  achieved.  Experiments
for the determination of  total loss factors of  some

simple  built-up structures  with  the present strategy
are  being performed  in the  Institute.

   2. 0U[II,INEOFDETERMINATION

        OF  SEA  BASIC  VARIABLES

  Lyon  [Ref. 2), see  p. 217] suggested  that  experi-

mental  determhation of  the loss and  coupling  loss
factors may  be done by measuring  resulting  energy

levels in the various  parts of  the structure  under

known  power  iajection into each  of  the  subsystems

to obtain  the necessary  N2  equations.  Then the

power  balance equations may  be inverted to deter-
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rnine  in situ  the coupling  loss and  loss factors. Of
course,  this method  could  be used  for determination
of  total loss factors if the coupling  loss factors･ are

known, and  only  N  times measurements  of  every

subsystern  energies  under  the  known  power  iniection

into one  subsystem  are  necessary.  However,  the

resulting  energies  of  some  subsystems  may  be prac-

tically not  sensitive  to the input power  to  a  sub-

system,  especially  those subsystems  far apart  from

the power iniected subsystem,  and  the  aecuracy  of

the  parameters are  influenced by every  small  errors

of  energy  measurements.  As  observed  by Lyon,2)

this method  has had limited success, small  errors  in

measured  energy  and  input power  values  may  pro-
duce  negative  values  of  parameters which  is physi-
cally  impossible.

  Craikie) presented a means  for calculating  the

total loss factor ef  wall  and  floors supposed  that the

material  preperties of  the surrounding  substruc-

tures  are  known.

  Sun  and  RichardsiT) derived a  formula for estimat-
ing 

'total
 loss factor' of  a  structure  under  the as-

surnption  of  only  one  of  the substructures  is directly
excited  by external  forces. However, a, question-
able  concept  was  made,  that was,  taking  the ratio  of

input power  to the energy,  PiftuEL, as  the  
`total

 loss
'factor.'

  The  measurement  of  mechanical  input power
from  a  vibration  generator to  a  structure  may  be

implemented  in difTerent ways.i2,iS,iS,i9)  Ottesen

and  Vigrani") described a  method  for measuring

power  input to a structure  by direct analogue  multi-

plication and  integration of  fbrce and  velocity

signals. The  infiuence of  phase errors  is controlled
through  measurement  of  both the real and  irnagin-

arypowercomponents.  Swift,i9)BiesandHamidi3}
also  described a  successfu1  power  iniection measvr-

ing device, which  measured  the force and  accelera-

tion  at  the point of  iajection and  the phase  between
these  quantities. The  power  input was  obtained

from  fbrce and  acceleration  signals  which  were

passed through  parallel one-third  octave  filters.
However,  Fahy20) suggested  that  power  irijected at

a  single  point will  result  in modes  which  are  net

statistically  independent, a  fundamental require-

ment  of  SEA. This problem  was  solved  by Bies

and  Hamid,i3) they  showed  that  the  simple  expedient

of  iajecting power  at several  points of  the  subsystem

chosen  at  random  may  suMciently  well  approximate

the  requirement  of  modal  statistical independence.

  Bies and  Hamidi")  used  the inversion of  the  linear

power  balance equations  to  determine the  plate loss

and  the coupling  loss factors in situ, To  accomplish

the determination power  was  iniected and  measured

sequentially  at  five points  chosen  at  random  on

each  plate to ensure  effectiye  statistical independence
of  modes.  In each  case  the response  of  both  plates
was  rneasured  at ten randomly  chosen  points and

mean  values  of  response  and  iniected power  were

determined. Good  agreement  was  obtained  be-

tween  predicted and  measured  results.  However,

the  power  balance equations  inversion method  is

more  appropriate  fbr a  test stru:ture  than a  real

complex  structure  with  many  subsystems,  that is,

not  only  because the results  are  sa.nsitive  to small

errors  in the  rneasurements  but alse  becauss the

expense  ef  a  great increase in number  of  m:asure-

ments,

  Recently, Clarkson  and  Ranky2i,22) presented a

further development  of  the experimental  technique.

They  showed  that for most  structural  applications

bandwidth  of  one-third  octave  is too  wide  and  a

more  suitable  bandwidth  is a  constant  100Hz  (or
500Hz  fbr honeycomb  structures.20)  The results

showed  that when  the decay is linear (on a  logarith-
mic  scale)  the  energy  method  and  the decay
method  give very  similar  results.  However, when

the decay is not  linear, the energy  method  gives a

result  which  yields a better estimate  of  the band
average  vibration  Ievel.

  The  above  outlined  pieces of  experimental  work

have established  the feasibility of  measuring  reliably

the input power and  response  vibrational  energies

in situ.  This paper based on  there  works  propose  a

strategy  for the determination of  built-up structure

total !oss and  coupling  loss factors in situ.

     3. DETERMINATIONOFTOTAL
             LOSS  FACTORS

  The  SEA  power  balance equations  fbr a  system

with  N  subsystems  can  be written  as  follows:

p, ]  ct) (jx"= 
,
 op ,, +  op,) Ele 

-
 c,) tY., op,,E, , (i= 1, 2, ..., N)

      jtt  J' #i

                                       (1)
where  Pi and  a  are the tirne averaged  power  input
to the ith subsystem  and  the  energy  stored  in it,

respectiyely.  ca is the  center  frequency of  the fre-

quency  band considered.  opt is the  internzl loss
factor of  the  ith subsystem.  The  coupling  loss
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factors nytJ are  related  by the consistency  equations2)

                ntvid=nynyli,  (2)
where  nt and  nj  are  the modal  densities of  the ith
and  J'th subsystems,  respectively.  Equation (1) re-
presents that the SEA  approach  is a  set  of  linear
equations  which  establish  the relations  between
input power  Pi and  the  energies  of  each  subsystem.

Eguation (1) can  be indjcated in matrix  form as:

or

 0711 -opm

-Ti2
 opn

-Vi3
 

-nyS3

 ---  i--

-op,N
 
-Z12fr

nvVSI
 ...

MV32
 ...

 op33 ..-

---  -t-

-op3N
 .-.

-vrm-VN2-VN3

 ---

 nNN

,El,Ei4

&

L/ca )afw1

2
'

:.I
   (3)

              [S{E}-{P},  (4)
where  the total loss factor op" is the  sum  of  all the

coupling  loss factors and  the internal loss factor:
                       N

              optt ==  (nt+ El vij) ･
                      S;l
If the various  coupling  loss factors could  be esti-

mated  with  theoretical  prediction, the  question is

how  to determine the total loss factors opit of  the

built-up structures,  and  the determined TLFs  would

include the effect  of  the dissipation of  the couplings.
The  current  strategy  is that iajecting power  to a

subsystem  in certain  frequency band and  measuring

the  input power  as  well  as  the  resulting  energy  of

the subsystem  to which  power  is iniected. Then  the

ratio  of  input power  to the  energy,  PiltuE}, (let ctit

=Llwa)  could  be deterrnined. Under  the condi-

tion  of  Pj ==  O, except  J'=i (j-- 1, 2, .. ., N), with  the

determined ectdi, Eq. (3) can  be rewritten  as:

  07,, 
-77,z

 ............･･･... 
-opNi

-17i2
 opn .................. 

'opN
±

 --- --- ------------------ ---

-o7n
 
-212i

 -..07" -oeii...
 
-vNt

 --i --- ------------------ --j

-171rv
 
-172rv

 .....-..i..-,,.... VNrv

44---iti--Goo--o

o

                                        (5)

  Therefore, the determinant of  the matrix  [S(atD]
(Let [S(ec.)] denote matrix  of  [S] with  vii minus  ectD

must  be zero  to ensure  non-zero  {E}, i.e. :

      det([S(ct.)])=O. (i--1, 2,..., N)  (6)
  With  the above  mentioned  method,  ctit could  be
determined experimentally  fbr each  subsystem  which
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has an  unknown  total loss factor. N  simultaneous

nonlinear  equations  indicated by Eq. (6) are then
readily  to be established  with N  unknown  TLFs.
Solving Eq. (6) with some  iterative method  or  mini-

mization  method  (see, fbr example,  Ref. 23)), N
unknown  TLFs  could  be determined. The  deter-
mined  total loss factor with  the current  strategy  can

be deduced to be including the effect  of  the  dissipa-
tion  of  the  couplings  to the  subsystem,  since  the

measured  energy  is related  not  only  to the dissipa-
tion of  the subsystem  itself but also  the coupling

dissipation. It may  be practically a  verY  effective

means  of  identifying the  dissipation of  couplings

and  sharing  the dissipation to each  subsystem  intel-

ligently with  the present strategy,  since  it is very

diMcult to evaluate  the  dissipation of  a coupling  and

it is even  more  diMcult to  share  the  coupling  dissi-

pation to each  subsystem  of  a  coupled  structure.

Also it is possible with  the present method  to deter-
mine  the  loss factor of  a  substructure  which  has a
radiation  loss with adjacent  media  of  water  or  oil.

  As  a  matter  of  fact, the measured  ct" should  be
the  inverses of  the diagonal elements  of  the inverse
matrix  of  [S]. It is not  dificult to proof that  Eq. (6>
is true with  the Cramer's rule  (see, for example,  Ref.
24), p. 396).

  One  of  the  obvious  advantages  of  the present

strategy  is when  only  one  TLF  is unknown,  the

aocuracy  only  depends on  the measurement  of  crii.

However, with  the  method  used  by Bies and

Hamid'S) the accuracy  is influenoed by all the

measurements  of  the energies  of  the subsystems

coupled  to  the  considered  subsystem.

  If the energy  from the direct power  input of  a

subsystem  is dominant, even  if there  may  be some

small  errors  of  the predicted coupling  loss factors,
the  TLF  determined with  -the present strategy  can

give a  good  evaluatien  of  the  energy,  since the TLF
is detemined based on  the measurements  of  input

power to the subsystem  and  resulting energy.

  4. DETEamATIONOFCOUPLING
              LOSS  FACTORS

  As  it may  be the case, some  of  the coupling  loss
factors are  very  diMcult to  be preclicted with  enough

accuracy  for built-up structures  or  are  to be verified

for the  purpose  of  confirmation  of  the  predicted
results  then  it may  be desirelble to measure  them
in situ. Following the strategy  mentioned  above,  if
the coupling  loss factors between  i and  J` subsystems

NII-Electronic  
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are  unknown,  one  can  iniect power  to subsystems  i,
then  measure  the input power and  the  energy  of

subsystemsJ'.  Therefore, the ratio  ofpower  to  ener-

gy Pt/bljEt could  be determined. Let the power
energy  ratio  L/loEf be aiti and  thus, fo11owing equa-

tion is readily  to be established.

   op= -0721
 .....................  

-a7rv1

  
-7712

 772± ..................... 
-77N2

i
'

3il i
'

3i)li
.il

'i?i.illecliliil 
`ll,1 l

  Therefore GS(criv)] denote matrix

-opyt minus  ctty),

             det([S(ct,,)])==O.

  Of  course,  the determination of  ctw

at  the  same  time  of  iniecting power
to determine ctii, so  as  to simplify

procedure. Vice versa  the ctji could

by injecting power  to  J' subsystem,

equations  could  be resulted

   77n "772i
 ...."..-"････-･･･ 

-77Ni

  
-opi2

 V22 ..`....".-H...-  
-07Nx

   --- --- --------------------- -i-

  
-17ij

 
-V,j

 ... -Oltd-Oc#... 
-o7.j

   --- -i- -i----t-------------- ---

  
'op1rv

 
-opIN

 ...........-.-.-..-..  opNN

  Thus,

             det([S(ctJt)])==O.

  With  Eqs. (8) and  (10), two

are  established  for two  unknowns.

equations  with  unknown  coupling

Eq. (6), the  simultaneous

will  give the results  of  the CLFs.

  It can  be seen  frorn the strategy

that  the  determination of  the  TLFs

not  depends on  the mode  count,

simplify  the experimental  procedure.

     5.

  Matrix  (11) is an  numerical

Woodhouse  and  Hodges"ii5)-as a

verse  SEA  matrix,  which  was

metrical  with  the application  of  Eq.

G4

a

4

of

oo

o

o

          (7)

      [S] with

          (8)

   can  be made

 to i subsystem

the experimental

  be determined

  and  fo11owing

EGi--4---4oo---o

o

                              (9)

                              (10)
                 additional  equations

                     Including these
                     loss factors to

            solving  of  these equations

                    described above
                      and  the CLFs

                  this may  effectively

NUMERICAL  EXPERIMENTS

                   example  used  by
                     

`measured'
 in-

                 assumed  to  be sym-

                     (2).

           (8i2 ?ig gi:) (ii)

           NO.9 O.5                         1.0 !

The inverse of  this is:

          (-fi;l-li;g-gig9,) ,i2,

          X-5.oo O.33 5.33!

The  term  (2, 3) entry  e.33, which  is positive, prevents
this being in the correct  form. With a  numerical

approximation  method,i`)  fo11owing acceptable  ap-

proximate  SEA  matrix  was  resulted:  
'

          (SI:i 
-llO,i

 
-glg6'

) ,3,
          X-4.97 O.oo 5.34f

which  has an  inverse as:

           (:I2g 816,O, gl?2) ,4,

           NO.89 O.56 1.01f

  In this paper, the  coupling  loss factors of  the

resulted  SEA  matrix  (13) are  supposed  to be deter-
mined  with  theoretical prediction for a  SEA  system

with  three subsystems.  The  total Ioss factors of  the

system  are  unknown,  which  should  be determined
in built-up conditions.  Thus,  fbllowing matrix,

[S], with  unknown  TLFs  should  be dealt with:

      [.]=(m,Z.3,, 
-i,',30

 
-glg3'gO

) (,,)

          N-4.970 O.OOO 7be !

Suppose we  iriject input power  to  each  of  the  sub-

system,  and  determined the  power  energy  ratios
-ct"=niPi/wEL

 (i=1, 2, 3), which  may  be taken as

the  inverses of  the  diagonal elements  of  
`the

 mea-

sured'  matrix  (11), i.e., an=1.00,  at22=1.oo and  as3
=  1.00. Then  Eq. (6) can  be used  as  a  set of  three

simultaneous  nonlinear  equations  with  three un-

known  TLFs  :

det([S(at.)]) =O,  det([S(at,,)]) =  O and  det([S(da3)]) =  O .

                                       (16)

  A  simple  minimization  method  (see Ref. 23>

p. 240) fbr solving  the nonlinear  equations  (1di are
used,  and  fbllowing solutions  could  be obtained:

     Z, !!!  6.14eO, IL, T:  1.64Sl, n, ==  5.4951. (17)

Substituting the  results  (17) into matrix  (15), the

following inverse of  matrix  (15) are  given:

               33
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         (6I2g,2?,, ?Igi'ig66i gl?9,gg) ,,,,

                    O.5663 1.0000 !         N O.9044

which  is a  very  closer  SEA  inverse matrix  to the
`measured'

 matrix  (11) of  Woodhouse.t`) The
diagonal elements  of  rnatrix (18) aer  the same  of

those of  (11). It can  be seen  from this simple  ex-

ample  that the  deterrnined total loss factors with

the  present  strategy  have a  dominant  maintenance

effect  fbr the diagonal elements  of  the  inverse SEA
matrix  to be agree  with  experimental  results.  It
could  be expected  that the measurement  of  the

energy  of  a  subsystem  to which  power  is miected
would  be relatively  more  accurate  than  the measure-

ment  of  other  subsystems  which  do  not  have  direct

power  input, since  the  actual  complex  mechanisrn

of  power transmission. Therefore, more  accurate

results  can  be expected  to be achieved  with  the

present strategy.

  In case  of  the existence  of  some  small  error of

rneasurement,  for example,  ati==O.95, di22:=1.oo and

da3=1.oo, with  the present method  following ap-

proximate  TLFs  could  be determined:

     Zi ==  6.169, ns ==  1.636 and  ns=5.485, (19)
which  are  not  much  different from  those  of  Eq.
(17).
  However,  with  the matrix  fitting algorithm  of

Hodge.s et al.,'5) although  quite good  fit could  be
achieyed  from  the view  point of  over  al1 system,  the
determined individual SEA  parameter  may  differ
significantly  by different algorithms.  For  example,

for `measured'

 matrix  (11), the  estimated  internal
loss factor of  the first subsystem  differed 4 to 5 times
with  the  

`direct'
 prooedure  and  the Lagrange  multi-

plier approach  (see Refl 15), p. 57, matrices  (14, 23))
and  thus, this uncertainty  may  induce significant

error  in case  of  determinatien of  SEA  parameters.
  Matrix  (20) is another  estimated  SEA  matrix  from
the  

`measured'

 matrix  of  Hodges et al.i5)

 2.8862 O.OOOO

 o.oooo 3.e"g

-1.8505  -1.1953

 O.oooo -1.5015

-O,9281  -O.3261

with  inverse

-1.8505  O.OOOO

-1.1953  -1.5015

 7.3678 -1.0209

-1.0209  5.9513
-2.0779  -2.6887

-O.9281

-O.3261

-2.0779

-2.6887

 7.8332(20)

34

O.6046O.2434O.2865O.2152O.2316

JL Acoust. Sbc. .ipn.  (E) Z4, 1 (1993)

O.2434 O.2865

O.6055 02653

O.2653 O.3409

O.3012 O.2208

O.2278 O.2112

O.2152 O.2316

O.3012 02278

O.2208 O.2112

O.3853 O.2289

O.2289 O.2992

                                         (21)

which  is very  close  to the  orjginal  
`measured'

 matrix

(see Ref. 15), matrix  (25)). Here  the `measured'

input power  and  energy  ratios  are  taken as  the

inverses of  diagonal elements  of  matrix  (25) of  Refi

15) as:

    ct'. ==  1/O.6046, a22= 110.6055, dizz ==  110.3373,

    it'.-110.3853, tz.=1!O.2975 (22)

  The  coupling  loss factors are  supposed  to be deter-
mined  with  theoretical predictlon and  be the  results

of  matrix  (20), thus the fo11owing matrix  with  un-

known  TLFs  should  be dealt with  to determine the
total loss factors.

    71, O.OOOO -i.8504
 O.OOO/O -O.9281

 O.OOOO n, -1.1953  -1.5015  -O.3261

-1.8504
 -1.1953  n, -1.0209  -2.0779

 O.OOOO -1.5015  -1.0209  71, -2.6887

-O.9281
 

-O.3261
 -2.0779  -2.6887  7e,

                                         (23)

  With  Eq. (22) and  matrix  (23), a  set of  nonlinear

equations  represented  by Eq. (6) can  be established

and  solved  with  the minimization  method,  therefore,

following results  of  total loss factors can  be ob-

tained:

       Z,-2.8863, n,-3.on52, %,-7.3504,

       Z,= 5.9463, 7k=:7.8634. (24)
Substituting the  results  (24) into matrix  (23), the
fo11owing inverse of  rnatrix  (23) are  given:

O.6046O.2434O.2869O.2151O.2308O.2434O.6044O.2658O.3012O,2270O.2869O.265gO.3412O.2211O.2108O.2151O.301202211O.3853O.2280O.2308O.2270O.2108O.2280O.2975

                                         (25)
  It can  be seen  that  in this case  the determined

TLFs  as  well  as  the inverse SEA  matrix  (25) with

the  present strategy  are  very  close to the results  of

Hodgesi5) detemined with  the  Lagrange  multiplier

approach  from the `measured'
 matrix.
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           6. CONCLUSIONS

  The  main  conclusion  of  this work  is that  the  total

loss factors as  well  as  some  coupling  loss factors of
a  built-up structure  can  be determined with  the  de-
scribed  strategy, which  is based on  the measurements

on  each  subsystem  for injecting power and  its re-

sponse  energy  with  the steady  state  power  irijection
method.'S)  One  of  the obvious  advantages  of  the
strategy  is that  the determined TLFs  would  include
the dissipation of  coupling,  and  

`automatically'

share  the dissipation loss of  the coupling  to each

coupled  subsystem,  which  is no  way  to be dealt with
theoretically at present. Furthermore,  this strategy
can  be used  experimentally  to study  the  coupling

dissipation and  in what  proportion the  coupling  dis-
sipation  shou]d  be assigned  to each  of  the eoupled

subsystem  supposed  that the internal loss factors
would  be determined in no  joint dissipation condi-

tions fbr comparison.  Of  cause,  if the  internal Ioss
factors are  determined in uncoupled  condition,  it
can  also  be used  to study  the  influences of  the edge
condition  changes  on  the loss factors.

  It could  be expected  that the measurement  of  the
energy  of  a  subsystem  to which  power  is directly
jniected would  be relatjvely  more  accurate  than the

measurement  of  the energies  of  other  subsystems  to
which  no  direct power  iniection, since  the actual

complex  mechanism  of  power  transmission (some
subsystems  may  be far apart  from  the power  iniected
subsystem).  Therefbre, more  accurate  results  can  be
expected  to be achieved  with  the present strategy.

  This strategy  is supposed  be to  a  practical effbctive
rneans  for the  application  of  SEA  approach  to deal
with  the  sound  and  vibration  fiow of  a  complex

system  with  many  subsystems.  For  a  large practical
structure,  for example  a  ship,  it is very  diMcult to

perform  experiments  to determine the loss factors
for each  subsystem  in a  laboratory, not  mention

that the loss factors determined in uncoupled  condi-

tion may  difTer significantly  from  actual  values. On
the  other  hand, the  power  balance equation  inversion

method  used  by Bies and  HamidiS) needs  too many

measurements  to establish  the inverse SEA  matrix
                                         '

which  make  it a]most  impossible to fu1fi11 fbr a

large system  with  many  subsystems.  It seams

reasonable  that  some  of  the  coupling  loss factors

could  be theoretically predicted with  suMcient  ac-

curacy,  and  some  coupling  loss factors and  the  total

loss factors should  be deterrnined in built-up condi-

tions, if so  the present strategy  provides an  appli-

cable  means  fbr determination of  total loss and

some  coupling  loss factors of  built-up structures.
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