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~~~~~~~~~~~~~ 1’~~r j  , . , ~~~~~~~~~ th ~1r ’J U .  ~~ -~ f ’; j~~~ ,
:‘~a ~~~~~~~~~ : : : t r  ~~~~~~~~~ ‘~j l~ f~orr~1~

i r, I

H .  :~~.
r f . 1 , ’’~~il .~ ; rdi ~~r . : i ’ j ,  r’ ,i ’~~, J t ~~th

i~ r: t 7 ‘~~~~~ t ;t: , t 1 .  i,’’ C 
~ , ~

r ’~ ij ’ : .

~r ‘~r’ier t ’~ a’leq ~t e ! y J n ’ 7 r : : t t r I ~~~~~
/~~~r~~~’~ry/ cr;irac rl: lc:: ’1 c r ’ ,r r~~—
:h~ r~ ~tl ::‘~ri~ r tr~ir ’1ucer:; t~j r ::~~~ht st ~~— /c~i C ’ ~~1 te’:~4r~1’4~~’~~, t~~e f ~~~r i t ’  e 1~,r;Prt

~~~~~~~~ ~r ’ i  s t a t e — o f — t h e — a r t  compu te r
~ r : tpC lc~~, ha/e been s c e s s f u l i y  c o m b i n e d .

pr ’~’:’~~ c has for the flrc f, t i m e  flv—
I / m’~r i c t r a t e d  the nor mal m’~le beha’fl or

of  a ~I:r;~ sonar trans ’J ucer.~~
t l s  p a r~er  t r i e f l y  ri~~z r 1 h e :~ the ac — t

t~~ol  tr;1rL::’1u’~~r be1n ~ or i~i 1y zer 1 as w e l l  as
Ct ’  r~e t ’/i used , gi i’: u 1 t :; I r ,r the
f~ rs t . t h r e e  cor i : ;t ant . vr ,l tage ‘irivp res o— L
r a nt  fr ’~queric1es  , ar~’1 ‘~ W :; rv~w c o m p u t e r  .~~‘ ~~

~‘r a p h t  c:: p l ays  a key r’~ I’ In any :;uch

Des’: r ip t i ’~n ,f the Trar :yI ‘ i
F r O .  I f l ’: C u a l  T r ’ a n : ; d i j c r . r

Fi~~’Are 1 I:; a pho tog raph  of the
t r : t r ~::’II’:er s h o w i n g  the  f o l l o w i n g  5 m a i n
~ ~t r C O v e r v i e w  of the  F i n i te  Method

1 . radiat 1ri~ hea’l (a ~~ .liil piece o f
titanium) , In order to calculate the displacement

2. steel washer , ‘fl~~t~r~~t ) u t 1 o n  w i t h i n  the entire transducer ,
~~. active ceramic plezoelectric tube , t h ~ e !genvalue equation (—u i M + K) U = 0

14 • C al l mass (a solid pi’~’:e rjf steel), is solved for its elgenfrequencies 
~~~ 

and
and the  corresponding ~1gen~~ ct or:; Uj, which
5. 3te’~1 stress rod . are the normal modes. The generation of

the composite consistent mas:; matr ix M and
This electromechanical tran:;rlucer Is the compoSIte stiffness matrix K Is dis—

one element in a sonar array containing cus:;~~rl In the fr,llowjng paragraphs. In
severa l hundred of fhese devIces . When ‘ rder to solve the entire problem It is
each element Is driven C’;trlcally it necessary to have a finite element computer
p r o d u c e s  a mechanical moti on In the head program and to proceed as follows:
which In turn Is the source for an acous— I .  ~~~~ a finite element Idealiza—
t ic pressure wave in the  water. ~ince the tion of t he  structure . This involves de—
behavior of the entire array I:: of crit i— crcnpo’l ng the entire body into small ele—
cal Importance to the Navy , it is obvious m~ r iC: :  su ch  as rods , beams , plates , orthat  the response from individual elements van ow~ sol 1’l e lement : ; , each of which is
must he thoroughly ur ler ::t.oo’l so that the hopefully available as a routine in the
int’~ract1ons between many such devic es , compu ter program . This requires first of
w~~1c h are arranged in a g~ om etr 1cal phy::- all that coordinate data and any other
Ica l array , can be preriict~ c1. pertinent data must he prepared for the

ro ’I~ :: of each of the elements of the ide—
‘This work has been sp n: ored hy the Naval alizatlon . Additional Information pro—

•~h 1 p [~y st e m s  Command , ! M[: ~~p - )42 under vi’ies the nodal connection order for each

~ 1)  I~~I 4 , Task l~ 4~ j~~? .  ~ 1eme nt . These element routines then

—- — - - —__ — - -
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‘I ~‘~“~•e” 0) f f r ’ ’’’- ‘1” r. , w r ’— re Cl . ’’ u r n , ’ r of  of ’  th e  er,’ 1 r” t ran :: ‘i~~’:~’ r’ , fe finite e I”—
‘~“.ir~’e.’ of f ree  icr’. o ’ “‘ic C n ’, 1 ’’ 1_ n ‘1. ” n t  r r : j ? , r e r n t t i c a l  mc iel re.’’I or . I n ’ :  J~~ ’je
o un’ f “r of ’  ‘ur , I” ’ ’ ’ r r ’ f r ~eo f i e l d  v’ t r ’ i a ’~~~’’s a n .  I ;.‘:u l i z a t I o r j  f or  l / ~4 of’ the ‘f e v l ’ ’ e , n ’ —
* n a ’  no le . • u I ‘ I r ig I n 11 

~~
‘. i ’~ ’r ’’- c’ .; I’ i t ’’-’ e ’i t i r, • he I ’ ’ t ’ —

• 1, - : . ;  ~‘r’ .t 1 ~‘ C C’- i r id i  vi  d u a l  “ 1 er ’. ”n i  C • 50 of the  ‘ni Cl  re t, r am I u ce r i _ n  r ’’ r ’’’ —
n ’ ,aC r l  ‘: ‘- :; , gi ‘i’ m . CC ” I r geometr I sri 1 re l a —  :;em. Ce ’ .i j  r o a r ’  ly  h O O D  numh er s
• ‘.ro t I p -; - ‘‘a ’’ f oCher I ott  t ’ ’ comr.po.: —

“ r ’ .ac . : m a t r i x  Cl a n d  t. ’ ,e ‘:‘~mp o ::i ~~ 
J’. x : e  I I em it agreement  L e t w e e n  the  ( :om —

• 1 l’i’ r *’:;:: r a t  r I  x K . Tb is 1:: l o ne  a u t o m a t —  p st . e I  m e , ’ si t .:; arid experiment were
I ‘:5 y I ri the  program by r ’”” ovr ,  I z i  r v  w h i  “I a o l  ev’-’f . C t l agreement  is d e m o nst r a t e d

‘-rn, ’ m ’,s have nod es in  ‘: cmmn o ’  rj fl o ’ ) e r i n u y —  vi vi Ii] t y  ‘.ni~ I nw, compu te r  gem ora t ed  c o n —

l n v  ‘h e  l n d l v ’,du a l  e l e m ent  m a t r i s ” s  in t o  C ou r  p 1 ’ . ’ . ’ of  t , C , .  mo de shapes  and comparlog

who ’ ““ ‘,me:: the compos It e  or ’ t otal 
t Ier ; wI ‘.1 e xv ~r im en t a l  ly measured  d e f or m a —

maC ri ‘n’c; Cl a r id  K .  Cl cmi:: of, C~ I n ’d  by h o l o g r a p h i c  i r i t e r f e r o —
rn’ n j

1 . A p ply desired boundary conditions
t r i ’i solve the eigenvector/eigenvalue prob—
‘.‘m ‘,‘ihere the  matrices are usually large , .r’iputer Graphics in ConjunctI~ n

.:“ml—po: :itive definite , and banded. Wi th the ~lnite Element Method

h . Try to figure out what the hundreds Computer graphics plays three vita l
or t h o s : : a n d s  of n u m b e r s  generated by the roles In the example being descrih”ri : ‘1)
comnput.er’ mean . experiment Is compared w i t h  t h e o r y  u s i n g

computer venerated contour plots; ~~.‘ he -

Transducer Analysis Using the fore ¶ , fr ’  problem has been solved on the

Finite Flemeri t Method computer the raw coordinate data Is plot-
- Con] to verify that the finite element ide—

The vibratory characteristics of a alizatlon does in fact represent the  actua l
particular electromechanical sonar traris— device ; and finally, (3) three dimensional
ducer have been calculated under a joint displays of the various deformati on_n of tte
projer’t between the Transducer and Array device are produced.
::y::tem:: Division of the Nava l Undersea
(
~enter ’, San Diego and the General Dynamics Three distinct methods will he ‘u s—
/E1~”ctn1c Boat Division , Sonar Development cussed for plotting three dimensional pens—
I~rogram . The finite element computer pro— pective views of the device wit h or without
gram used is cali~~i MARTSAM , a generalized deformation . They are the following:
finite element program developed for Navy 1. Line drawings with no hidden lines
usage by GD/EB . This program is especial— d
lli well suited for sonar transducer anal— 2. Li~~

m
~~~ w!ngs with hidden lines re—ysis due to its extensive library of moved andr’c’;tines for handling solid elements and 3. Continuous tone shaded pictures.flu id elements.

The various components were modeled Method 1 , shown in Figure 2, is the
‘n the program as follows : easiest and least expensive to obtain. Al-

though this method has obvious deficlen—
1. The head , washer , and tall mass were d es: it can be used profitably for rough

idealized using HEX2O elements. This data checking. Figure 3 demonstrates the
MARTSAM elemen t is a hexahedron composed type of error which can easily be spotted
of 20 nodal points. The three nodal and corrected using thi:: technique . In
points along each edge of the hexahedron this case only one surface at a time is
permits quadratic interpolation of both iuisp layed in order to elimi .iate the clutter
the geometry and the generalized dis— created by several surfaces. For many ap—
placement field along this line . Each p].ications involving complicated solid
nodal point has 3 degrees of freedom , i . e ., elements having many input nodal points ,
a vector value displacement in the x , ~~~ I t Is frequently useful to draw the ele— -j
an’] z direction. ments as 3—D line drawings using single—

2 .  The ac tive ceramic piez oel”ctric headed arrows to  trace the order in which
t o te  was Idealized using F’HEX?O elements the point:; are input as a further check on
w h i c h  ar~ Identical to the HEX ’O elements the data.
except that at each node there Is one more
ievr ’er  of’ freedom , t he el ec’rical poten— Method 2 1:: shown in Figure 4. Here
tial . This addition al 1egr~ e of freedom we see the data generated again as a line n, ”
permits o n ”  C o  m o d e l  ‘.h ~ p iezoe l io’t n c  drawing but with the hidden lines removed .
e f f p ~~~t , .  The software algorithm required to suppress

2 -
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l I D .  ‘ , Y 1  ~~~~ ‘11” .’; t l ’l’ i ’ run:  n i cer  F I G .  ~ ‘,d ’ l’ n ’r m e d  T ransduce r  ( Smooth ed)
n ’ .ç ‘ n ’  n ’ s ~ ‘ :n , :  r ’ , , -~ ‘, n ’  ‘1)

F t  ,‘‘ur ’P 7 1;; a : r ’,- ,’ , ’ l ” d  v e r s i o n  of’
- . ¶ t ‘ ,‘ ‘‘er’ ’~mr Ic ‘ ui  ‘‘ I’ m ’ ’ , ” F i g u r e  6

Fl~J .  0 , F m - :: ’. Norma l Mode (Unsmoothed)

FTD . 7. Ceramic Tube (smoothed)

14 FIgure 8 shows the same devi ce as
F i g u re  5 e x r - e p t  that it is now :nmn oothed.

Fi gure  ‘) Is an unnnmoot hed display
r, f ’  t he  d e v ic e  in  1k . : ; f i r s t norma l mode .

C .  F i g u re  10 is a :;nn ,ct . l ,ed d i sp  l a y  of
F ig u r e  at a ‘ I I  f f e r ’ e m , t  v i e w p o i n t

‘1. F i g u r e  11 Is  an u r : _ n r n ~, o t h e d  d i s p l a y
of th e  devi  ‘me In  I t _ n  ::~~sr,n’l normal mode.

~i .  F igu re  12 Is a s n n ’ - t , l i e - I  vr ’ m ’ ,: I on t I
FIgu re 11.

0 , F i g u r e  1 I s  an u n om o o t h e d  dl s pl a .-,’
of t he  ~, : , t  r i  ri ’ r n_ ni l mo le f t he  d e v i c e .

10. F l  go r” l i ~ 1,: nj s mo ot  bed ye rs I cm , o f ’
P ’ g i i r e l f r  t ! f e r ~~~~~~ ,iew o1nt  FIG 10 F I r  t ¶~orma ] Mode (Smoothed)
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ to  d i s p l a y  on i c r  Ima ge : : . “he  co 1c r 1:; or ’ ,—
duced by Insert I rig or’ I mary so I or’ f f l t ,i’ m l
one at a tir,,e 0/ er  t i , ,’ ‘:srr i€ ’ r’a I ’ m , . :  an d g o r i —
e r a t i n g  l i ne s  at v a n  ‘ o . I n t r o : :  I C !” : :  ‘

ach i eve  ~h e desi  n’- ) co ; or I n ,  t r , , ’ f I n a l  p 1
t u re  . ‘I’” in; l eads  to  app 11 ‘a l , I or :: at , ’- no

- 
e bj & - ;t s  c , t o  Co dIsplayed in t h r e e  d l m e n i —

on :; Wi t,h a f o u r th  va t ’  I. ab I” ( repr” :en ’.ed
‘ . F ,y  m d  or)  sup ~’ • Im p osed  u p o n  t I , ’ ::ur f’ nu Ce

One f u r t h e r  s tep w l l  he taker ,  w i t h
the results shown in this report . A movie
of the  m o t i o n  of the  t .r a n s d u -er  In t he  t i m e
domain at each of the t h r e e  norma l modes
w i l l  be gene ra t ed .  This  Is e x p e c t e d  to  be
ready fo r  t he  c o n f e r e n c e  in A u g u s ’. l ’ 7 l .

!“ID . I?. C e c o n n i  Normal  Mode ( Smoothed)  C o n c l i u s on

F i n i t e  e lement  a n a l ys i s , w h i c h  has
contributed significantly to the under-
standing of the vibrat ry characteristics
of sonar tran sducers , has been greatly en-
hanced by the use of sophisticated computer
graphIcs as an aid in interpreting very

‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ large ca~ culat1ons .
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