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SU?’~1ARY

This report constitutes a reference manual for the Underwater Shock Analysis (USA )

Code , a computer program for calculation of the transient response of a submerged struc-

ture to a spherical shock wave of arbitrary pressure profile and source location. The

cod e considers the structure to be linear—elastic and treats the surrounding fluid as an

infinite acoustic medium. A discrete—element (finite—element, finite—difference) compu-

tational model is used for the structure, while the computational model for the fluid is

based upon the Doubly Asymptotic Approximation. 
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SECTION 1

INTRODUCT ION

This report documents a computer program , the Underwater Shock Analy8is (USA) Code ,

that calculates the transient response of a submerged structure to a spherical shock wave of

arbitrary pressure—profile and source location. The structure is considered to be linear—

elastic and the surrounding fluid is treated as an infinite acoustic medium . The computa-

tional model for the structure is constructed through the use of an auxiliary discrete—element

(finite—element , finite—difference) code of choice LI , 2], while that for the fluid is con-

structed through the use of the Doubly . .symptotic Approximation (DAA ) [3, 41.

1.1 DOUBLY ASYMPTOTIC AP P ROXIMATION

The principal advantage of the DAA is that it models the infinite acoustic medium sur-

rounding the structure as a membrane covering the wet surface of the structure . Hence fluid

motion Is described merely in ternis of wet—surface response variables , which are then linked

by compatibility relations to the structural response variables. Furthermore , this descrip—

l ion is a simple matrix ordinary differential equation with desirable computational

propert ies.

‘rhe principal disadvantage of the DAA is that it constitutes an approximation to the

“exa~ t’ boundary—element representation of the surrounding medium [5, 6J . The DAA does ap-

proach exactness for both high—frequency (early—time) and low—frequency (late—time) structural

motions , however , and effects a smooth transition between the two asymptotes . In addition ,

it has exhibited satisfactory accuracy in a variety of check calculations [4, 5, 7]. Hence ,

in view of its desirable computational proper ties, the DAA is considered suitable for

engineering analysis.

1.2 STAGGERED SOLUTION PROCEDURE

The governing matrix equation for structural response is a second—order ordinary d if-

ferential equation in time , while that for fluid response is a first—order ordinary differ-

ential equation. Simultaneous solution of these equations by direct step—by—s tep numerical

integration , however , is unacceptably expensive . Hence the USA Code utilizes a staggered

solution procedure L81 for step—by—step solution of the equations in time.

Now a staggered solution procedure involves a response extrapolation at each time step,

which usually leads to numerical instability for time increments exceeding a critical value .

Because this critical value may be unacceptably small for many computations , the governing

equations for fluid response have been modified in such a way that unconditional stability

is achieved . Thus, through avoidance of both direct simultaneous solution and condition-

al stabity constraints , highly efficient computation is possible for the greatest variety

of cases.

1—1
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As an illustration of the capabilities of USA , a transient response cal cula t ion has

been performed for a 2490 degree—of—freedom (DOF) structural model with a stiffness—matrix

average half—bandwid th of 85 DOF. The central—processing—unit (CPU) time on a Univac 1108

required for the 280 time—step calculation (with a single change in time increment during

the calculation) was 28 minutes. The corresponding time on a CDC 6600, on whi ch the cod e

also operates, would be about 10 minutes.

1.3 INPUT/OUTPUT

The USA Code requires three types of input data in order to perform its function . First ,

structural mesh—geometry , mass—matrix and stiffness—matrix data must be proviOed by the

structural analys is code used by the analyst. Second , fluid mesh—geometry and boundary—

element data must be furnished . Finally,  charge standoff and incident pressure—profile , as

well as time integration specifications must be provided .

The cod e, in its turn , outputs structural disp lacemen t and veloc ity his tor ies and f l uid

pressure histories for the wet surface . Response data post—processors furnish oseudo—velocity

shock spec tra, and response—history and shock—spectrum plots. In addition , post—processors

embedded in the structural analysis code may be used to obtain , f or example , stress and strai n

response histories , as well as response—history and stress—contour plots. As currently con-

f igured , the USA Code can routinely handle problems with up to 2500 structural and 145 fluid

DOF within a core allocation of 65000 decimal words . If primary core size is increased to

100000 decimal words , app roximatel y 200 f l u i d  DOF may be processed wi th a cor responding
increase in the structural DOF.

1.4 SPECIAL FEAT U RE S

A number of special features are incorporated in the code . First , a capability has been

provided to handle a fluid mesh on the we t sur face  tha t is not coinc iden t wi th the sur face

mesh for the structural model. This permits , for  example , the use of a refined structural

mesh in a region of high stress gradien ts, even though a rela tively coarse mesh is reta ined

for the fluid .

Second , options f or variable—step time integration and computation restart  are furn ished .
The former allows the use of small time increments during periods where the response is ex-

pec ted to be vary ing rap idly in time , and the use of large time increments for periods

characterized bya slowly vary ing response. The latter permits the division of a response com-

putation into segments, so that the analyst may examine the results at selected points along

the way . Such examination is facilitated by the use of the “printer—p lot” routine that

augme nts the usual pr in tout  data with response p lots “drawn” by the printer.

1—2
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Fina l l y ,  the code incorporates fluid wet—surface elements for both general and beam—like

motions of the structure (see Appendix A). This feature is especially useful for compartment—

by—’ ompartment analysis of a submarine. Such an analysis utilizes a general—structure

discrete—element model of a particular compartment of interest , with the remainder of the

submarinc modeled as a beam. Hence a detailed analysis of an entire submarine may be per-

formed with several discrete—element models of moderate size , avoiding the use of a sing le

gigantic model.

1.5 SPECIAL NON—FEATURES

Several features of modest complex i ty have yet to be incorporated into the USA Code.

First , an option for automatic time—step integration would free the analyst from having to

select integration time increments in accordance with his expectations regarding response

behavior. Second , fluid wet-surface elements for bar—like motions of a structure would allow

propc r treatment of the longitudinal vibrations of a submarine analyzed on a compartment—

by—c ompartment basis. Finally, a capab il ity to handle  very large problems would be useful

In those cases where structural segmentation is not possible.

Two important features of greater complexity have yet to be incorporated into the code .

Ihe first is a treatment of hull cavitation , which may substantially affect structural

response for incident shock waves of short duration. The second is the inclusion of free—

surface (hulk cavitation) effects , espe cia l ly as they influence the form of the incident—wave

exc i tation . The introduction of these two features requires the treatment of highly non—

linear phenomena , wh ich presents a stiff challenge for future work.

1—3
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SLC’l JON LI

THEORY

i u l s  se~. t i u n  ie~ r i ,  t h e  t h e o r e t i c a l  f o u n d a t i o n  of t h e  U SA Cud~~. I t  is c u n s t r u c t e d

as an v e r v i e w , w i t  ovi. r i~ c- f d e r a i l s  l e f t  t r e f e r e nc e d  papers  and r e p o r t s , and t i
i p p e t t u ice s .

1 ~ 1 R L C 1  hEAl. RL S P O N S L  LO CA l  i u N

i t i e  r . ~t r i x  o r d i n a r y  d i f f e r - u t  ia l  e q u a t i o n  f u r  t h e  d y n a m i c  response  of a l i n e a r — e l a . st i
r i  t ar ’ . - I f I J

M ~ + C ~ + K x = f  (2 . 1 )

wue r e i is the s t r u c t u , -al d i s p l a c e m e n t  vecto r , M , C and K are  the s t r i i ~~t u r a l  cuss .
~ s ~ s

da m p i n i ~ m d  s t i f f n e s s  m at r i c e s , r e s p e c t i v e ly ,  f is the e x t e r n a l  f o r c e  v e ct o r , an d a dot

d e n o t e s  a t e m p o r a l  d e r i v a t i v e . Genera l l y ,  M , C an d K a r e h i gh l y ba nded , s~ ;~~et r ic

m a t r i c e s  ~f l a r g e  o r d e r ;  at p r e s e n t , the  USA Code considers  M to be d i agona l  and C to

be zer .

For ex it a t i o n  of a submerged  s t r u c t u r e  by an a cous t i c  wave , f i s g iven by

f = C A f (p~ + ( 2 . 2 )

w h e r e  ,
~~~~ 

and ir e  nodal  p r e s s u r e  v e c t o r s  f o r  the  w e t — s u n  ace  f l u i d  mesh p e r t a i n i n g  to

the ( k n o w n )  in c i d e n t  wave and the ( u n k n o w n )  sc a tt er e d  wav e , r e s p e c t i v e l y ,  A f is the diag-

ona l  a rea  m a t r i x  a s s oci a t e d  w i t h  el emen t s  in the f l u i d  mesh , and C is the  t r a n s f o r m at i o n

m a t r i x  t h a t  r e l a t m - u  t i  st  r e - t u r a l  and f l u i d  noda l  s u r f a c e  fo rce s .  ~1ore w i l l  he sa id  a h e i r

‘~ In t h e  n ex t  s u b sect i o n .

2 . 2 DAA EOL ’A ’l I UN

The Doub l y A s y m pt o t i  A p p r o x i m a t i o n  may be w r i t t e n  ~3 , 4]

~ f ~ S + ~~ ~~f ~s = ç~c 
~~ ( 2 . 3 )

w he r e  u
~ 

i s  the  vec tor  ,I s ’a t t e r e d —w a v e  f l u i d — p a r t i c l e  v e l o c i t i e s  normal  t o  the
s t r u c t u re ’s wet s u r f a c e , p and c are  the  d e n s i t y  and sound v e l o c i t y  of t h e  f l u i d ,

r e spec t ive l y ,  and M f is t h e  sy m m e t r r  f l u i d  mass m a t r i x  f o r  the  w e t — s u r f a c e  f l u i d  mesh

(see A p p e n d i x  A ) .  This  m a t r i x  is produced by a b o u n d a r y — e l e m e n t  t r e a t i w - n t  of Lap lace ’s

e q u a t ion  f o r  the  i r r o t a t l o n a l  f l o w  generated In an infinite , inviscid , incompressible fluid

2 - I



by motions of the structure ’s wet surface; it is fully popul ated with non—zero itrix ele-

ments. l4hen transformed into structural coordinates , the fluid mass matrix yields the added

mass matrix , which , when combined with the structural mass matrix , yields the virtual mass

matrix for motions of a Structure submerged in an incompressible fluid [91.

As mentioned in Section 1 , the approximate relation (2.3) is called doubl y asymptoti c

be a j se it approaches exactness in both t ime  h i g h — f r e q u e n c y  ( e a r l y — t i m e )  and l o w — f r e q u e n c y

(late—time) limits. For high—frequency motions , > -  , so that (3) approaches the

relati on = pc u 5 , which is the correct limit for short acoustic wavelengths . For l ow—

frequency motions , 
~~

< p~~J , so that (2.3) approaches the incompressible—flow relation

‘
~~~ 

i~ 
= , which is the correct limi t for long acoustic wavelengths .

F r  excitation by an incident acoustic wave , is related to structural response by

the kinematic compatibility relation

~‘l. = + 
~-s ( 2 . 4 )

where the superscript ‘T” denotes matrix transposition. Equation 2.4 expresses the con-

straint that normal fluid—partic le velocity match norma l structural velocity on the wet

surf m ~~- of the structure . The fact that the transformation matrix relating those velo-

cities is cT follows from the invariance of virtual work with respect to either of the

wet surface coordinate systems. Generally, G is a rectangular matrix whose height

greatly exceeds its width , inasmuch as the number of structural DOF usually exceeds con-

siderably the number of fluid DOF.

2.  3 I STERA CT ION EQUATION S

The introduction of (2.2) into (2.1) and (2.4) into (2.3) yields the interaction equa-

tions

M ~~+ C  ~~+ K  x - G A .  (~ + p j
- -S . “ S —  —S~~

-
~ ~~— i I —S

T ( 2 . 5 )
M
f ~5

+
~~ 

c A
i~~~s 

= ~i C M ~~(G 
~~~~

—

These equations may be solved simultaneousl y at each time step by t ire transfer of — C A
f p 5

and p m M , ~ to the left sides of their respective equations . Such a procedure is

ex ,eed ir~~1y expensive , however , because of the large connectivity of the coefficient matrix

involved . ~ r mentioned in SectIon 1 , efficient computat Ion is possible throug h the appli—

cat.i .-r - riaggered solution procedure that is unconditiona lly stable w i t h  r e spec t  to

t i  wi - - - or time increment .

The simp lest imp lementation of the staggered solution procedure recommended in [M] may

he effect ed i a  follows . 71 Is taken to be diagonal and , to allow for the possibility that

ray have zero entries for rotational DOF, C is constructed such that only the transi t—

2—2
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t ional DOF for the structure coup le w i t h  the f l u id  DOF [see ( 2 . 4) ) ;  then the f i r s t  of (2 .5 )

may be partitioned to obtain r2~ , w h i c h  may then be i n t roduced  i n t o  the second of ( 2 . 5 ) .

Premulti pllcation of the resulting equation by ‘i— ~~ then y ie ld s

(c Af PS
+
~~~ f

+ ,Ds) 2 ~S 
= A G T

M
l
(c~~~~+ K )

(2.6)

where I) = A A , and = A
1 G

1 
M~~ C A~, are symmetr ic , and where M 1 

is a diagonal

matrix with each nonzero element given as the reciprocal of the corresponding nonzero element

of M and , each zero element mirrorin g the corresponding zero element of M8 . The firs t

of ( 2 .  ‘
~ 
) nd ( 2 . 6)  i r e  h r r r ’  In t- ermpcl ‘‘t hu utigm eri ted Intera ct ion et~uri t ions”.

2 . 4  SPHERI CAL INCIDENT WAVE

Each element of the vectors and for a spherical incident wave are given by

R . -SS I 1
p 11

( t l  ~ 
~~~~ 

p1 ~t —

(2.7)

= i: ~~ ~11
( t ) + 

~~~~ 
p1~~

(t)] y~

where S is the “charge standoff ”, i.e., the distance between the origin of the incident

sp h e r i c a l  wave and the neares t  point on the structure ’s wet surface , R
1 

is- the distance

~r , r l iii- o r h 1~h r ’r of the incident spherical wave to the - i th  fluid node on the wet surface ,

Is the cosine of the angle between the vector corresponding to R
1 

and the wet—surface

normal at the i~~ fluid node , and p1(t) is the incident—wave pressure—profile defined at

= S . For a shock wave , p1(t) is discontinuous at t = 0 and the i~11(t) contain

singularities.

In order to remove shock—wave singularities from Ct
1 

in (2.6), a modif ied  pressure
vector is def ined  as

= (2.8)

where V is a diagonal matrix with direction—cosine elements . The introduction of

(2.8) into (2.6) and the first of (2.5), fo ll owed by uti liz;,tinn of tire second of (2.7) t h en

y Ield s I i i  mod If led , ;rIrgmen ted , interac tion eqila tions

M x + C x + K X  - 

~~~~ [~M~~ 
(L-P 21J (2.9)

~~ 
A~ 2M + (

~ f 
+ P5 ) = — A ~

T H 1 
~ ~ 

+ K~ ~) -

-~~ ~~~~~~-

- -.- 

~~~~~~~~~~
-
~~~~

- 
~~~



I n whi ch I I~ the identity matrix , and

1!. ~~~~. 
— (D

5 
+ D

f 
— 

~~~~~~ 

R
1
) ) (2. 111)

where R is the diagonal. matrix formed by the distances R
1
. Equations (2.9) (with

C = 0) are the equations solved by the USA Code to determine the structura l ri aprmnst a

x and ~~, and the w e t — su r f a c e  pressures  ~ (I — I’) + -

2—4
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SEC ’l I ON I l l

ORGAN IZMIUN 
-

liii lISA (0 t h  has I n s - r i  wr  I tt , rr in standard ~O R l R A N  IV I or m m -  on both tin l yri c and CDC

c o m p u t e r s .  M i m e  It Inc dependency tins been isolated In one Ut 11 I I y p rogr;mm di s ir I bed be I OW.

rogrrrm n mon o In r I t y  h a s  been st r i c t  I y e n f o r c e d  , wI I h commun ii ’ itt iOU i)( tween  ( Ou t pu t  itt h Ofln I

m o d r r  I i s  cont rolled by means of a data management system .

i i ’  st r u c t u r e  of the  code Is sh own I n  F I g .  3— 1 . Tire s t r n u c t , r r a l  preprocessor  Is

1 se par a t e  code so lected b y the user t provide  t i re  c o m p u t a t i o n a l  model f o r  the  s t r uc t u r e .

Ti m e sky l  in , . u t i l i t y  me r el y r e f o r m a t s  M and K as p r o v i d e d  by th e  s t r u c t u r a l  p r l h ) r c ( ’ e s su ) r

F or  p r o c e s s i n g  b y the  USA Code ( r e c a l l  t h a t  C is taken as vt  ro)  . T i m  l i t  i i  T I a ’ c i  ( i  ri  —

c u-o c r iorm r ;  A f , , and 1’ , w h l l c  t h e  m a t r i x  a u g m e n t a t i o n  p r e p r o ce s s o r  fo rms  , U

ri nd A (~~M 1 
[see ( 2 . 9 ) ) .  l i r e  main processor  is t i re  t i m e  i n t e g r a t o r , w h i c h  fo rms  I’ ar id

H and then solves (2.9) in step—by—step fashion using the staggered solutIon procedure .

The response postprocessor provides tabular and graphic output for the computed kinematic

responses as well as pseudo—velocity shock spectra. Finally, the data manager controls

the  f l o w  of da ta  between processors. More detailed descriptions of the var i ous program

components fol low , while  in fo rmat ion required for u t i l i za t ion  of the code Is contained

in  Appendices 8 throug h E.

3. 1 THE DMA MANAGER DMGASP

DM (;As r Is a self—contained o h  I h i ty module that functions as a manager of auxiliary stor-

age and as the fo ca l point for al l block input/output activities [10J . Con sL h t u t l . n g t i m e

lowest li ve 1 of the NOSIRA Data Management System [ii], It carries out the direct trans ier of

data blocks between core and peripheral storage . (Tu e terminology “d i reel transfer ” is used

i r c r e  to d c r u t e  unforma t ted and u n b u f f e r e d  d at - i  t r a n s m i s s i o n . )  The basic ri ux il lary storage

managem ent  ope r at  ions emb(, d led in DMGAS I ’ a re

• Ac t lvii ti . storage dcv ice

• Pr,s h i i on  d e v i c e  . -

• Ren d l i t  ;r b lo c k from device

• Write data block on devi ce -

• O c t e t  ivate device -

icr the USA Code , DMCASP is operated as a stand—alone I/O package that receives direc-

tives directly from the master processors. Assemb ly language versions of DMGASP currently

, z h at f r  UNIVAC 1100 EXEC—8 , CDC SCOPE 3 .4 , and CDC NOS operating systems ; hence tire USA

( c d ,  may bc used onl y our these systems at this time .
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3 . 2  HE STRUCTURAL PRE P ROCESSOR

This is a user—provided code that assembles the structural mass and stiffness matrices

and generates information that relates the internal and external descriptions of the struc-

tural DOF. Input typically includes

• Mesh geometry

Coordina te sys tems

Node locations -

• Element definitions

Type

Connectivity

• Material  proper t ies

Mass densi ty

Moduli

• Cons t ra in t s

Symmetry conditions

Element external constraints a

Element i n t e rna l  c ons t r a in t s

F lu id  in t e rna l  to the submerged s t r u c t u r e  must  be included in the s t r u c t u r a l  model. At

th i s  time, USA t rea t s  only  diagonal mass mat r i ces  associated wi th  a lumped mass representa-

tion of t b ,  st r u ct  r m - , ac~d onl y sIngle prec is ior i  m a t r I c e s  can be processed.

3 .3  THE SKYLINE UTILITY

This preprocessor  conver ts  the structural mass and stiffness matrices generated by the

s t r u c t u r a l  preprocessor in to  the in te rna l  “skyl ine” ‘format  requi red  by the USA t ime integra-

tion p rccm’i sscir 11 2 , 13). As there are a variety of ways to store large , sparse , symmetric

rimatricee, v irtually any structural preprocessor that is to be used w i t h  the USA Code wi l l

require a utility package to change the storage format. At this time , conversion utili ties

have been written for SPAR [141 and NASTRAN [15). User instructions for constructing the

skyline utility for other structural codes are given in Appendix F.

Figure ‘1.1 shows 2 pa ths to mass stora ge f r om the skyl ine utility. The SPAR converter

uses DMGASP for both Input and output , whereas the NASTRANconverter uses unformatted buffered

FORTRAN commands for input and DMGASP for output.

Constraints are also handled differently in these two utilities. NASTRAN provides

a reduced s t i f f n e s s  m a t r i x  which alread y incorporates any prescribed constraints. SPAR

does not; however , USA has the ability to apply constraints due to symmetry or attach-

ment to ground during the time integration. Structural DOF that must be set to zero are

flagged by the skyline utility [13). -

3—3
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3.4 THE F L U I D  MASS PREPROCESSOR FLIJMA S
- 

‘Ib is code c ccc r s tru ’ts the fluid names matrix for a structure submerged In an Infin ite ,

in v i s c l d , i r r c - o mp r cs~ Ib 1e f l u i d  by t I r e  boundary  element t e c h n i q u e  [ 9 ] .  In a d di t i o n , i t  gen—
m r m t m - s  f l u i d  m e sir  data and ~i set of transformation coefficients relating t h e  s t r u c t u r a l  and
f l u i d  DOF . ‘l’iie c o m p u t m t  Ion of these c oe f f i c i e n t s  Is based upon the use of c en t r o id a l  node
f o r  t ime f l u i d  e l e m e n t s  and t i re a s sumpt ion  of a b i l inear  va r i a t i on  of d i sp lacement over the
surfru c of  e t c - i t  str ’rc tur il element. This assures t ha t  the d c - s c r l p t ion  of the f l u i d  pres-
sure  fo rces  in t h e two mesh systems is statically equivalent without Inducing moments at

the st rue t u rn  I Ho cu S .

FLU MA S contains a refined formulat ion for the fluid mass matrix , wh ich Inc l udes the -

primary e f f e c t s  of e l em e n t  c u r v a t u r e .  In a d d i t i o n , it has the capability to treat struc-

t u r e s  c o c r t a l n i n g  both s u r f a c e — o f — r e v o l u t i o n  and general—geometry components, as described

li i  Append ix A. 1he cod e can also e f f i c i e n t ly cons t ruc t  the f lu id  mass m a t r i x  for a body

w i t h  two planes of s ym m e t r y  by u s i n g  a mesh which  covers 1/4 of the s u r f a c e .  Symmetr ic  or

a n t i — s y m m e t r i c  f l u i d  mot ions  can then he impo~ ed in the quadrants not covered by the mesh .

Two—dimensional “p la ne—strain ” behavior of long cy linders can also be simulated by another

branch In the code . Finally , a u se f u 1 d iagnost ic  tool contained within the code is the

;ipa h ilit y to  solve t.he f l u i d — b o u n d a r y — m o d e problem M f u AA
f

U [ 9) .

Typ ic ru input data for this processor includes

• Mesh geometry

F l u i d  W e t — S u r f a c e  Mesh

S t r u c t u r e  W e t — S u r f a c e Mesh - -

• Flemen t definitions

Genera l curved surface -

Surface of revolution

• Material property

Mass d e n s i t y

• Constraints

Quar t e r  model

Long cy linder

A detailed description of the required input data is given in Appendix B.

3.5 THE AUGMENTED MATRIX PREPROCESSOR AUGMAT

This preprocessor accepts data from the st ru r - tu ra l  and f l u i d  ana lyzers  to cons t ruc t  the

specific matrices required for solution of the augmented Eqs. (2.9). The outpu t of title

code includes not only the required matrices in skyline form , but also a distillation of the

output from both the structural and fluid processors . This has been done so that only one

3— 4
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permanent file need be referenced as input to the time integrator; this results in improved

data handling and core usage. Input to this code involves the following information

• Mass matrices

Fluid

Structure

• Structural DOF correspondence table

Ex terna l  and in ter nal node des cr iptions

Factori-,ati on order

DOF reduction due to constraints

• Fluid mesh geometry

Global coordinates of fluid nodes

Direction cosines for nodal surface normals

Areas of fluid elements

• Fluid/structure DOF transformation coefficients

• Fluid material properties

Mass density

Speed of sound

Although this constitutes a substantial amount of information , almos t all of it is re trieved

from permanent data files . A detailed discussion of the required input data is contained in

Appendix C. 
-

3.6 THE TIME INTEGRATION PROCESSOR TIMINT 
‘ 

-

This main processor constitutes an implementation of the unconditionall y stable staggered

solution technique developed in [8]. The primary output Is a permanent data file that con-

ta ins nodal value s for structural disp lacement , structural velocity and wet—surface pressure

at every time step. In addition , a parallel file Is created that retains restart information

at time intervals dictated by the user. The code has a variable time step capability and can

treat a spherIcal incident wave of arbitrary pressure profile and charge location . Finally,

selected response histories can be listed and then displayed for Immediate examination us-

ing a “prin ter—plot ” graphics package embedded both in TIMINT and in’ POSTPR (see Sect. 3.7).

The computational strategy for the staggered solution procedure is embodied in the fol—

lowing eight steps , assuming the solution is known at time t:

(1) Estimate the unknown structural restoring force x at t + A t from the extra-

polatIon of current rind past values

(2) Transform this extrapolation Into fluid node values and form the ri ght—hand side

of the fluid equatior., which also involves the known incident pressure at t + A t

_ 3— )
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(3) Solve the fluid equation and obtain a preliminary estimate of the total pressure

vector at t + A t

(4) Transform fluid pressures into structural nodal forces

(5) Solve the structural equation for the disp lacemen t and veloc ity vec tors a t t + I. t

(6) Transform the computed structural restoring forces at t + L~ t into fLuid node

values and refor m the ri gh t hand side of the f lu id  eq ua tion

(7) Re—solve the fluid equation and obtain refined values for the total pressu res

at t + A t

(8) Save system responses

Steps 1, 3, and 5 constitute the basic staggered solution technique , while  Steps 2 and 4 are

required because of the difference between the fluid and structural surface meshes. ilme

iteration on the fluid solution reflected in Steps 6 and 7 has been added to enhance accuracy.

Inasmuch as the computation t ime is overwhelmed by the structural solution requirements , this

requires only a smal! increase in total run time . The use of a three—point extrapolation

method in Step 1 also improves accuracy, as discussed in (8].

Implicit integration algorithms have been used for both the fluid and structural equa-

tions. The former is treated with the 3—step Park method [16 ) while the latter is treated

with the “JO” implementation of the trapezoidal rule [17].

Typ ical input to this processor includes

• Charge characteristics

Location
- Pressure profile

• Time step i n fo rma t ion

S tar t and f i n ish  times

Time incremen t val ues

• Restart  data

• Display d irectives

Displacements

-~I ocjties

- r e S sure 5

I s f-udo ’-ve locity shock spect ra

Detailed user information concerning TIMINT is given in Appendix C.

3—6

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.-- — - . —



1. 7 THE SI ~;Sr N S I  i’uSi’h’R s:l-:SSOIt iS)SiPR 
-

This utility is responsible for the listing and “printer—plot ” graphic display of sel-

ected system responses and pseudo—velocity shock spectra. Some of the same capabilities

art also embedded in the TIMINT processor for Immediate selective scanning of the output.

POSTPR , however , is used for more detailed examination of the results at a later time. As

a complete display of all structural and fluid DOF histories for even a moderate size prob-

lem could run into thousands of pages of outpu t care must be exerci8ed in the selection of

data to be displayed . Usage of this code is discussed in Appendix E.
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SECTION IV

EXAMPLE PROBLEMS

This section presents results generated by the USA Code for two idealized underwater

shock problems. The structure studied in the first problem is a hollow circular beam of

finite length , whi le  tha t involved in the second problem is an in f i n ite , circular cylin-

dr ical shell.’ In both problems , the struc tu re is exc ited by a transverse , plane step—

wave of unit Incident pressure and material properties are used that correspond to a

steel shell immersed in water. The input data are normalized so that the density and

speed of sound for the fluid both equal unity; hence , the density, Young ’s modul us, and

Poisson ’s ratio for the structural material are taken as 7.85, 98.125 and 0.3, respect-

ivel y. The radius and wall thickness of the beam and the cylinder are 1 and 0.01, res-

pectively, while the length of the beam is 9. In order to assess the accuracy of the

computational results , selected response histories are compared with those obtained by

other methods. -

4.1 CIRCULAR BEAM -

The response var iable of primary interest in this problem is the late—time asyrnp—

tot ic translat iona l veloci ty V of the structure. An analy tical expression for this

quantity may be obtained from (2.5) by taking k 
~~ 

v( t ) ,  where is the vec tor of

direction cosines relating the translationa l motions of the structural nodes and the

direction of propagation of the plane incident wave. (The elements of that pertain -

to the rotational DOF are, of course , zero.) The introduction of this relation into the

first of 2.5, followed by premultiplication of the resulting equation by y~~ , then yields

- 
m~~ — — x~ 

G A f(~ 1 
+ - 

(4.1)

where m = 
~~ ~ 1Xp5

; this follows from the fact that = 0.

‘Af ter the wave front of the plarce step—wave has enveloped the structure , i.e., for

t > t

‘ a~ 
p c U

1 l

p c U 1(t l  —

—

where U
1 

is the f l u i d  particle velocity characterizing the step—wave , 1 is the unity vec-

tor , the asterisk denotes the temporal integral of the quantity benea th it , ç~ is the vec-
tor of inc ident—wave arrival times for the fluid surface elements, and Is the vector

of direc t ion  cosines re la t ing the normals of the f luid elements to propagation vector of

4—1
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the plane incident wave . In addition , 
~

< for  late—time motions (see Section

2.2), so tha t the second of (2.’i) becomes

= A ’ M ( G  ~‘ 
— u

i
) ,  t>>t

e 
(4 .3)

The i n t r od u c t i on of this relation into (4.1) then yields

T T(m + ma ) v = — r~~~~~~p~1 
+ 
~~s~~~ f

U
I~ 

t>>t (4.4)

T T Twhere the added mass m
a 

= ~~~~~~~~~~~ But , from (4.4), 
~~~~~~~~~~ 

= y
~,, so that ma 

is also

given as m
a 

=

Wi th ~~~ = ii), the first of (4.2) yields I 5~~~ fP1 
= p c U

1j~~~
1 = 0, inasmre rm as

the wet surface of the struc ture Is closed . Hence, the r ig ht side of (4.4) vanishes for

t - t , which gives the expected result ~r = 0. This prompts the use of integrated forms

of (4.1) and (4.3) (with quiescent initial conditions), which y ie lds , instead of (4.4),

T * T(m
5 

+ m
a) V - 1p~ cP1 i

~!f~I~ 
t>>t

e (4.5)

The introduction of the second and third of (4.2) into this equation then provides the

desired expression for late—time asymptotic translational velocit~y

rn + m
= 

d a U (4.6)
~ m + m  Is a

where the structure ’s displaced mass m
d 

may be shown to be expressible as md = p c

- 

~~~~ 
Note that (4.6) is a general result , app licable to any wet—surface geometry.

Two d ifferent uniform mesh geometries were used to study the circular beam. Ten—

and twenty—node models were constructed wi th beam elements provided by the structural

ana l yz er SI~AR (18). The corresponding fluid models contained 9 and 19 elements of equal

size , wi th 12 and 24 circumferentia l integration points (see Appendix A). For the beam

considered , m — 4.439 and m
d 

— 28.274; with m
a 

de termined ~ts ma 
— 1

T~~1 mesh geometry

has a small effec t on the value calculated for V . It was found that m = 23.824 for
a

the coarse mesh and m — 24.332 for the f i n e  mesh , which yield V = 1.843 and V = 1.828,a
respecti vely.

In the response calculations , a constant time step of 0.1 (20 steps per envelopment

period) was used for both models ; the results are shown in Figures 4—1 and 4—2. Velocities

at the ends of the beam a re h ig her than those at the center because the three—dimensiona l

f l o w  f i e l d  at the ends o f f ers lees res istance to the p lane wave exci tation than the two—
dimensional flow field at the center .  It is noted tha t the responses of both models are
similar although those for the finer mesh appear to tend to the rigid body asymptotic velo-

city more precisely.
4—2



4.2 INFINITE CYLINDRICAL SHELL

For this problem , a 72—nod e, 36—element SPAR model with a uniform circumferential

mesh was constructed. The length of the cylindrical shell equalled the circumfer ential

dimension of tIre square plate elements used for the model; hence the shell was one ele-

ment long . Kinematic constraints of zero ax ia l  d isp lacement and no end r o t a t i o n  were

enforced through the skyline utility, as described in Section 3.3. The fluid model con-

sists of 36 equally—spaced elements around the circrarrference; the two—dimensiona l nature

of the Infinite shell geometry was simulated by exercising an option In the fluid pre—

procr-ssor FLIJMA S that add s f’ictitioOf, elements in the axial direction .

Two d imensional n=O , I, and 2 mod al response results were generated by USA using ap-

propriate Fourier components of the incident—wave force vectors in (2.9). For comparison ,

DAA analytical solutions were generated by the method described in [7) and [19]. The

primary response variables of interest were radial disp lacement for n=0, radial and tan-

gential velocity for n 1 , and radial and tangential displacement for n=2. A t ime step

of 0.025 was used up to t=l ; for t between 1 and 2 this was Increased 0.05, and for  t

greater than 2 a time step of 0.1 was used .

The USA and corresponding analytical resin ts arm - shown h a r m o n i c  by h armonic in Fig—

uri s 4—3 through 4—7. In all cases the maxImum errors made by USA fall into the range of

1 t n  2 Z .
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APPEND IX A

FLUID MASS COMPUTATION FOR A SUBMERGED
STRUCTURE WITH BOTH ROTATIO NALLY SYMMETRIC AN!)

GENERAL-GEOMETRY COMPONENTS

Computer calculation of the fluid mass matrix for a submerged structure which is composed of
both rotationally symmetr ic surfaces and general nonsymmetric surfaces may be accomplished using
the ful l y three-dimensional boundary integral approach of Ref .  9 J .  In such a case , however , the
use of general—surface elements for each rotationally symmetric surface is not efficient when it is
known a priori that only certain circumferential harmonics of the fluid motion are of importance .
Thi8 may occur , for example , when part of the structure conaists of a beam of circular cross section
for which only the n = 1 harmonic is required . Then, the order of the fluid mass matrix may he re-
duced from th at  for the fully three-dimensional structure by a redefinition of the fluid degrees-of—
freedom .

For a general-suriace clement with a single centroidal control point, the associated degree—of—

freedom has-a direct physical interpretation , namely, the fluid velocity normal to the plane of the
element . For rotationally symmetric surfaces , the elemental degrees—of-freedom become Fourier
coefficients for  the circumferential harmonics of the surface velocity at prescribed axial locations .
This gives rise to the concept of the “surface of revolution” ~~OR) element as opposed to the “general-
surface” (GEN) element . In this append ix , we deacribe a technique for the Inclusion of both SOR and
GEN elements In the same fluid mass matrix .

A direct way to couple both SOR and GEN elements in a single matrix is first to construct the
fluid mass matrix for the fully three-dimensional structure . Then , a transformation can be applied
which is associated with a hybrid surface velocity vector representing both physical and generalized
coordinates . To Implement this two—stage procedure , we cover the entire surface of the structure
with GEN elements and , in particular , require equal spacing of such elements around the circumfer-
ence of the surfaeos-of-rOvolutj on. The number of such elements in this latter category is taken to
he the same at all axial stations and is denoted by N .  A set of N circumferential GEN elements
at any axial station is then regarded as a single SOR element having as many degrees-of—freedom
as the number of Fourier coefficients which are chosen to describe the global fluid motion. The set
of control points associated with the circumferential GEN elements will be referred to as Integration
points for their associated SOR elements. -

We now assume that the fluid velocity vector for the full three-dimensional surface discreti-
zatlon y can be approximated in the mean by the hybrid fluid velocity vector £* by the
tran sformation

A - I
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~~~~~~~ 
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(A. 1)

in which

G (
V v

— 
( A. 2 )

S Fv

I n
~~.3)

O F

where the superscript C refers to the GEN elements located on the general geometry portions of the

structure and the subscript S refers to the sets of GEM elements which make up the individual SOR

elements; the vector conta ins the Fourier velocity coefficient s for these SOR elements . For con-

venience , we have partitioned the above arrays so that the entries pertaining to GEN elements appear

first and will continue thi s convention in the followi ng . The matrix F is rectangular and has the form

- c~ .•  4 ~-~v1 2

= . . (A .4 )

‘. 0 ~~~~~. 0 ‘
. 0

o L L L - L L
— a1 aM

Here , M is the maximum number of circumferential harmonics and L is the total number of SOR

elements while the vectors C~ and S1 for the 1th SOR element and the mt
~ circumferential

-m -m
harmonic are given by

1 
- 

0

- 2 i r m 2ir m
co s - -~~~

• 2rrmi — 
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where i is the circumferential integration point index , if the transformation (A. 1) is now applied
to the fluid velocity vector , then invariance of the total kinetic energy of the fluid provides the direct
means for reduction of the mass matrix as

M* J)T M D  - (A.6)

where the transcipt T denotes matrix transposition and M is the previously computed fluid mass
matr ix  for the fully three-dimensiona l structure .

Application of the preceding procedure can involve a large expenditure of computational effort ,
particularly if the number of SOR elements and circumferential integration points is large~ In such a
case , matrix partitioning and out-of-core operations may be required . Even when large matrices can
he handled by such core management techniques , the computations include the factorization of a large .
ful l , unsymmetr ic matr ix and subsequent solution operations just to form the mass matrix before re-
duct ion. These considerations have prompted the development of an alternate hut approximate ap-
proach that uses intermediately formed matrices of the same orde’r as the final  reduced mass matrix
with a corresponding saving of computation t ime.

Calculation of the flui c~ mass matrix based upon the simple source formulation involves three
state variables, the source strength a , the velocity potential ~ and the normal derivative of the
velocity potential 

~ n ’ which arc related by the matrix equations f 9

=

(A.7 )
= ~~C c r

n

Here , B and C are ful l , unsymmetric , square matrices while 2 ’ .Q~~ 
and a are column vectors.

We take the order of this system to he the number of discrete fluid degrees-of-freedom for the full
three-dimens ional surface discretizatlon . The actual coefficients of B and C and the precise
manner in which they are combine d to form the fluid mass matrix are unimport ant to the development
here and the interested reader is referred to 1 9 1 for this exposition . However , we will use cer-
tain aspects of the connectivity of B and ~ later.

A fundamental assumption made in 1 9 1 is that the source strengt h a is constant over each
element . Here , we make the same assumption for all elements, and further stipulate that the van-
ation of j  and 0 as well as (the negative of the fluid velocity vector) around the circumference
of each SOR element can he expressed by the same finite Fourier series embedded in the transforma-
tion in (A. 1). if there are only SOR elements in the structure , it can be shown that this relationship
is exact , harmoni c by harmoni c , however , the presence of general-geometry structure component s
in the flow field perturhs thi s exactness . We then have

A-3
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*o DO

that t;~1. . ‘~) 
can be substituted into Eq. (A.  7) to obtain

*

* 
(~- \ - ~ J)

1) 0  — C  1) ~~

We r E- now aide to construct a s~ i of equations in the reduced system simil ar t o  Eq. (.\ .7~ by
mult i plying Eq. (A. 9) by the left inverse of D , which is defined :is I ~ .

([)F D)
1 
~T ( - \ .

It then follows that the counterparts of B and C in the reduced system ire

13* DL’ B D
(A. ll )

~~~~ D~~~CE)

is easily obtained from the orthogonality and normalization conditions for t h i -  t I n it e l- o t i n ’ - i

s(ri,s-,~ i.e., 120 1

i — I  

2ir m (i - I) 
~~~ 

2ir n(1 - l~ -

1=1 

51~~ 2 i r m Q  — 1) sin 27 n ( i — I) 
= 

I N/2 : : ~ 
( \ .  I~~

- - 0 m ~‘ n

: = : :::
l~~~Iri~ I - - a ~ ( \ . 3 ) , (A.4), (A .5), and (A. 12) ,  we find that

-1 1 0(
~ 

L)) =

O f ’,

where C is a diagona l m at r i x  given by

A - -l

C



2
2 ()

2
C (A . 14)

0
2

Wi r i r i a si io.v that the for mat inn of fl and C and the t r an s f o r m a t i on  i n r l iea  ted in Eq. (A.  I
- ii he -:i r ru-il out si rnultaneously to give - he  m at r i  a s  B~ ~jfl(J C ~ i i i  recti . Consistent with the

p:r rt itioning of Eqs.  (A .2) and (A . 3), B may he ex[ircss((l as

13GC ~GS
B = ( A . 1 5 )

11S 13SS

- ,here the first superscript reiers to the element type (GEN or SOR) for which the potential is being

evaluated and the second superscript indicates the element type whose source strength contributes

to that potential I -u-i the f i r s t  of Eq. (A.7 )J . Now , u s i n g  Eqs.  ( A .3 ) ,  (A.  10) , (A.  11), (A. 13), and

( A .  1 5 ) ,  we obtain

r

= (A.li )

(; ~
T 13S(; 0 F~ F

.\ si :r iila r r i - s u i t  can he written for C * however, as the development to follow is the same for both
f4* and (‘~ , only that f or  

L~ * ~~ rlr( sente(l.
F;qu :it io n (A. i’;~ shows that thi• relationship between GEN elements is unaltered by the t r a n s  —

formation , hut that the rn;,triqq,s coupling ( E N  and 5011 elements require mat r ix  mult i pl ication.  For
fh~- m atrix , we have -

-- ( OS  [ 2 ~~m~~’ — l ) J  (A. 17)

where the subscript i id~ flt ifies ~ particular GEN element , the subscript j identifies a particular

SOFt element , and the Index j ’ identif ies one of the N integration points around the circumference
of the SOFt element. llenr’e , the can he computed sequent ial ly over the index j’ and the
summation performed conjunctively. The same technique , of cours e , can he applied to the matrix
( E

T I, S(I

A- S

— 
- 
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= h~; :~: ~ 

2 ir m ~~~
‘ - 1) (A. I h)

j ’=l

where

( 1  m = 0
= (A.19)

m I
~~2 m > 0

Construction of the matrix relating SOR elements is complicated by the fact that double sum-

mations are involved . From Eq. (A. 16), we have

Cot, [2 l r m Q ’  - 1) J COS [2rn~~’ 1) J ( A . 2 0 )

j ’=l j’—~1

where the subscripts i and j identif y SOR elements and the indices i’ and j’ identify integration

points on the I and SOR elements , respectively . It will now he shown that Eq .  ( A . 20)  can

he simplified to an equation involving a single summation by examination of the connectivity of B
SS 

-

As discussed in f 9 1 . the matrix elements of B and C a re , except for a mult ipl icat ive  con—
st :i .nt , functions only of the geometry of the f in i t e  element mesh.  Now , it is clear from Figure A — I

that the relative geometry of points AID is identical to that of points B/E , that the relative geome-

t ry  of points A/E is identical to that of B/F , etc. Hence , the N ‘ N submatrix that relates the

source strengths at the integration point s on segment j to the values of the potential at the inte—
gration points on segment I must have identical terms along every diagonal . Moreoever , the vari-
ation in any row (or column) is tha t of an even fu nction because of the rotationally symmetric geom-
etry , i . e . ,  the relationship of C/I) is identical to that of C/F , etc . On the basis of these facts ,

Eq.  (A.20)  may he considerably simplified .

Consider , for example , the expansion

S ~~~~ ~~~ U~, cos 2rm~~c —1) cos 2r n ~~~— 1) (A.2 1)
k=1 P= i

with the condition that

Uk4 -1 ,4! = Uk t  (A.22)

and the understanding that If a subscript on the left becomes greater than N it Is replaced by

k ~- I - N , etc. Now, the double summation In Eq. (A.2 1) is ordered by rows and columns ; however ,

we can rearrange It into N terms , each of which represents summation along either the main

A -6



diagonal or an extended diagonal t . Then , taking advantage of Eq. (A. 22),  we obtain

N S/c = u11 ~~~ 
2r m ~~ — 1) 

~~ 
2rn~~ -1) +

2 irm k 27rn ( k — 1 )
~~l2 N ~~~~ N +

(A .23)

~~~ 
2ir m (k ÷ 1) 

~~~ 
2ir n (k - 1)

+ U1N cos 2 r m (k + N - 2) 
~~ 

2 irn (k - 1)

Next , we reorganize the general term that appears in Eq. (A.2 3) as

u
1 1 ~ 1 

2lr m (k
N

_ 1 +
~
) 2ir n~~ - =

2~~mI 
~~~ 

2 r m~~ 
~~~~ ~~~ 

2r n~~ - 1) — (A .24)

2irmi . 2 7r m (k - 
- 

2~rn ~ k — 1)
U1 1,1 ~~~ N N N

k =1

If m � n , it follows from Eq. (A.12) that the general term is zero and , hence , the sum S is

equal to zero, if m = n , then Eqs. (A.12) and (A.24) reduce Eq. (A.23) to

S = Ulk 
2~~m(k - 1) 

(A.25)

In a similar manner , the other possible combinations of trigonometric functions in
Eq. (A .2 0) may he simplif ied;  such simplification yields , for m � n ,

= 0 ( - ~ . -~6)

he latter consists of r diagonal in the upper triangle plus its complement in the lower triangle .
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while for m = n in the cos/cos and sin/sin combinations in Eq. (A.20),

by’. = ~~~~~ b~~ cos 2 r mU _ 1) (A .27)
j ’ =l

and, for in = n in the sin/cos and cos/sia combinations in Eq. (A.20) ,

b~. = b~.~~sin 
27rm(j’-l) 

(A.28)

i ’ =1

Finally , as it has been demonstrated that the b~ .~~ must be even fu nctions around the circumference
13

of any SOR segment , the contribution of Eq. (A.28) to the final results must vanish, leaving only
Eq. (A.27) . This , of course , also means that the computation r&quired to form Eq. (A.27) can es-
sentially be halved.

- The results of the preceding development may be summarized as follows :

• The coupling that occurs between SOR segments occurs , harmonic by harmonic, without
coupling of different harmonics

• The coupling is the same for both the sine and cosine functions , and is given by Eq. (A .27)

• The sine and cosine functions of a particular harmonic do not couple

Thus far , we have substantially reduce the computations required to form the B4- and C1’ matrices.
A few steps remain , however , in order to reach the final objective , v i z . ,  efficient formation of the
fluid mass matr ix for the coupled stru cture .

As discussed in [ 9 ] , B4- and C4- are used to form the fluid kinetic energy expression ,
which is derivable from an appropriate surface integral . In the discretized , fully three-dimensional
system, this requires a diagnonal matrix dA whose elements are simply the incremental areas of

each surface element . The kinetic energy T is then 
-

T = - .
~. P f 0 ~ ç~~~Ø (A .29)

where P is the fluid density and the integration extends over the fully three-dimensional surface S

We may write this expression in the reduced system by simply substituting from Eq. (A . 8), with the

result that -

= DT d A D  
- 

. 

(A.30)

Carrying out the matrix multiplications , we obtain

d A G o
d A *  = T s (A.31)

0 F d A F

A-8
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For each submatri x appropriate to a particular SOR element and harmonic that  appears in
~,T I A 5 F , the expansion give-s

- d a ~. = —
~~~--- ~~~~ - (A.32)

where da!
1
1 

is the incremental area for a si ngle integr ation element around the circumference of
the segment in the full three dimensional discreti zation.

The preceding results can now he applied to any of the computational schemes (lescrihed in
1 9 1 . As is noted there , however , one particular scheme , labeled “12 , ” has been found to he sur—
prisingly accurate in relation to its computational demand s and hence has been chosen here as the
“baseline” method . In this case, the incremental areas appearing in Eqs. (A.29) through (A.32) may
he replaced by the total area of the element , as the “12” scheme essentially assumes that 0 and

- 

~~~~~~
, as well as a , are constant over each surface element .

A modest study has been performed on a simple model in which the reduced mass matrix has

been obtained directly from Eq. (A. 6) and by the approximate method outlined above. This model

consists of two cy lindrical shall segments with a radial “fin ” joined to one segment on the lateral sur—
Fare u.s shown in Figure A—2; only the n=1 beani modes were kept in the reduced matrix . Com-
parisons have been made of the cigenvalues of the “fluid boundary mode ” problem defined by

M* x = A A* x (A.33)

(In 1 9 1 the A are identified with modal kinetic energy components.)

Typical results from the study are shown in the following table:

A—Direct A—Approximate Mode

0.5967 1 0, 56960 S
0.47838 0 .47826 A
0.29624 0.25955 S
0.27412 - 0.27108 A
0.21624 0.21622 A

0.19634 0.17554 S

where S denotes a symmetric or breat hing mod e relat ive to the two sides of the “fin ” and A denotes
an antisymmetric or rigid-body “f in ” mode . We see that the elgenvalues for the rigid modes are in

good agreement ; however , the eigenvalues for the symmetric modes exhibit discrepancies of 5 to
14 percent. These discrepancies may he due to the retention of only the  n = I modes in the re—
cluced matrix; only further evaluation under more general conditions can clarI fy this point . At this
time , however, it appears that the technique introduced here is a viable one , particularly for very
large problems whose size precludes application of the direct method.
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API ’E N D IX B

(J.SER INFORMATrON FOR TIlE FI,IJTI) PREPROCESSOR FIAJMA S

Tb I o I I owl rug I or I uid ~~ mod Ill cat tons w h i c h  were made undo r Rep .lra to con t r ; o- t t o

Iii- Nav;i I Surface Weapons Cr-nt ~-r , Contract Number N6092l—77—C—0I 12.

T h i s  a p p e n d i x  ire-hides a C opy of the users manual , and a sample input deck and
-~ii h-~ - qiu ’ .r~t ruiit p uit for tire i n f i n i t e  c y l i n d r i c a l  s h el l  problem presented In Section 4.
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The following discussion is provided as an aid to user understanding of the sample

output that is included here.

First , the terms appeari ng under “Fluid Mesh Geometric Arrays” are defined as:

NCOR — number of corner points for a particular fluid element

X,Y,Z — global car tesian coordinates of the f l u id elemen t cen tro idal
control point

NX ,NY ,NZ — components of the outward unit normal vector for the fluid element

NTRA — n umber of struc ’ -jral node points that are coup led to a particular
fluid element fIr the purpose of force appiicat ion

AOO ,A20 ,Al l ,A02 — area and momentsand product of inert i i  of fluid element. Used
in ter nall y for construction of the fluid mass matrix and of the
fluid—structure transformation coefficients for general elements.

BlI ,Cll — diagonal terms of B and C matrices used for construction of fluid
- mass matrix (see [9])

When SOR elements are included in the fluid mesh the following terms will appear in

the output:

RAD — radi us of f l uid elemen t con trol poin t f rom ax is of revolut ion

NCIR — number of integration points used in cirdumferential direction

NAXI — see NAXIS in user manual

NFRE — see NFREE in user manual

Local Fluid-s-Structure Transformation Coefficients appear next. This is a summary

that indicates which structural nodes couple with a particular fluid control poi nt and

the w e i g h t i n g  fac tor for each. The weighting factors must always sum to unity for any

fluid control point.

The eigenvalues and elgenvec tors that follow the listing of the added mass matrix

correspond to the “Fluid Boundary Mode ” problem [9]. For the infinite cy lind r i c a l  she l l

problem presented here , the exac t eigenvalues should behave as 1/n with corresponding

modes cos nO and sin nO. The first eigenvalue listed , .11838+04 , is an approximation

to ‘~d for n 0  and it can be seen that the subsequent eigenvalues are  relativel y wel l

behaved -
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APPE ND I X  C

USER INF ORMATI ON FOR THE AUGMENTED MATRIX PREPROCESSOR AUGMA T

The following includes modifications which were made u n d e r  s e par a t c C  contract to

the Naval Surface Weapons Center , Contract Number N60921—77—C—0112.

This appendix includes a copy of the users manua l, and a sample input deck and

subsequent output for the infini te cylindrical shell problem presented in SectIon 4.
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APPENDIX 1)

USER INFORMA i’ION FOR THE TIME INTECRA ’I’ION PROCESSOR TIMINT

The following includes modifications which were made under separate contract to
the Nava l Surface Weapons Center , Contract Number N60921—77—C—O]12.

This appendix includes a copy of the users manual , and a sample input deck and
stibsequent output for the infinite cylindrical shell problem presented in Section 4.
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The following discussion is provided as an aid to user understanding of the sample

output that i8 included here.

Firs t, the amount of storage required for the run given in the output refers solely

to the blank common that is se t in the main program, UNWASH. An error exit is taken if

insufficient storage is available and the user must see that more is provided either by

a recompilation on UNIVAC 1100—OS or by a field length request on CDC .

Sector address information for the response and restart files that is listed at

var ious places in the output is extremely important for subsequent restart runs.

Al though transient response results can be displayed as part of the run such output

has been deferred to the post processing phase in Appendix E for this sample problem.
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APPENDIX E
USER INFORNATION FOR THE POSTPROCESSOR POSTPR

The following includes modifications which were made under separate contract to

the Naval Surface Weapons Center , Contract Number N6O921—77—C—O112.

This appendix includes a copy of the users manual , and a samp le input deck and

subsequent output for the infinte cylindrical shell problem presented in Section 4.
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The f C 1J o w ~ r s  discussion is pro-iided as an aid to user understandin g of  the samp le

output that is inc luded here.

Perhaps t h -  only ~~t~ - --~ need ing discussion is the transient response tabular

listings The desired re-~r~onses are displayed in matrix form so that each row contains

the entire history of a particular degree of freedoro except for the first row which is

ti -m&- . Each column therefore c’antains the instantaneous values of the complete set of

response variables desired at a particular time . Each row is identified by the struc-

tural or fluid node and its degree of freedom. The letters D, V , and P stand for dis—

p lacIC-CC ent , velocity, and pres su re , respective ly.

Lss&rri t ially the same forma t is used for the pseudo—velocity shock spectra except

that the first row is now frequency rather than time .
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APPENDIX F
USER INSTRUCTIONS FOR INTERFACING WITH USA

To use t~ a-e Underwa ter Shock Analysis (USA) Code in its linear stand—alone mode , the

user must first construct a permanent data file that contains the structural mass and

stiffness matrices and some assorted bookkeeping information . The purpose of this appen—

dix is to describe the structure of the file and to specify how it is to be created . At

this time utility routines that carry out this task have been written for SPAR and NAS—

TRAN. An abbreviated form of this file is also required when USA is coupled with a non-

linear structural analyzer and such an interface also exists for STAGS.

USA contains the data management utility module DMGASP that carries Out all data

transf er ac tivi ties between cor e and peripheral storage. This is done by unformatted

and unbuffered data transmissions and it is imperative that DMGASP be used to create the

structural interface file. Otherwise the user must supply or have access to a similar

means of direct transfer. Section 3 of [lOJ contains a comprehensive discussion of the

half—dozen or so DMGASP commands that are required to activate , posi tion , write upon ,

read f r om , and f re e a peripher al storage dev ice. Subsidiary commands also exist f or

error handling and listing of selected information pertaining to auxiliary storage.

The curren t conf iguration of USA uses a diagonal mass matrix associated with a

lumped mass representation of the structure , assumes tha t there is no velocity dependen t

structural damping, and f ur ther , only, single precision matrices may be processed . In

addi tion , if the stiffness matrix has been reordered or reduced in any way for  inpu t

to USA the mass matrix must also be reordered or condensed so that its degrees of

freedom (DOF) are the same and appear in the same order as in the stiffenss matrix.

Finally,  the sti f fness  ma trix must be placed in a multi—block* skyline format as dis-
cussed in [13]. This description consists of a Matrix Master Record (MMR) followed by

a series of Matrix Value Records (NVR) which contain the numerical values of the matrix .

These are the only constructs the user need be concerned with ; all others required are

already embedded in USA. During construction of the MMR a logical device index (LDI)

must be set in the record which USA will access later. For UNIVAC operation , thi s should

a- 
be set equal to twenty (20), while for CDC operation this should be set as two (2).

The file structure required is shown in Table F—l where NDOF stands for the number

of structural DOF which USA must process. NMMR is the number of words in the matrix

master record , and NWBL is the number of words in each matrix value record (which is ex—

p~cted to be the same for each record). NWBL should also be an integer multiple of 448

for most efficient use of storage.

* For small problems a single block is permissible .
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Table F— i

Record Number of Words Da ta

1 1 NDOF

2 NDOF Diagonal Mass Matrix

3 1 NDOF

4 NDOF Grid Point/DOF Vector

5 -l

6 NMMR Matrix Master Record for
Stiffness Matrix

7 NWBL First Matrix Value Record
- for Stiffness Matrix

NWBL Second Matrix Value Record
• for Stiffness Matrix

• NWBL Last Matrix Value Record
for Stiffness Matrix
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The Grid Point/DOF vector consists of an integer value for each global DOF from 1

through NDOF that is constructed as ten times the external node number plus the local

DOF number that apply to that particular structural equation.

For example, if the 87th DOF to appear in the mass and stiffness matrices corres—

-ponds to the second degree of freedom at a node identified externally as 4637 then the

87th entry in the Grid Point/DOF vector would be 46372. Local translational degrees of

freedom should be numbered 1—3 , rotational degrees of freedom should be numbered from

4—6 and any others should be numbered with 7—9. If more than 9 degrees of freedom are

carried at any node it is a simple matter to change the factor of ten to one hundred in

a few places in USA to accommodate this.

It should be noted that records 1—4 are accessed by the USA pre—processor AUGMAT

before the time integration phase of the analysis commences. This portion of the file

is required for both USA in the linear stand—alone mode, and for USA when it is inter-

faced with a nonlinear structural analyzer. In this latter case, the fifth and succeed-

ing records do not exist.
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