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Section 1
IN T RODUC T ION

Fluid Analysis Program , 3—Dimensions (FLAP3) is a three-
dimensional  f i n i t e  element code developed for the purpose of pred ict ing
the  combust ion instability of solid propellant rocket motors. The
comp lete code consists of four phases :

a) A pre—processor phase (a three—dimensional finite element
mesh generator).

b) The acousto—rnodal analysis (calculation of the acoustic
frequency, mode shape , and correspond ing velocities).

c) The potential flow analysis (calculation of gas f low
velocities). -

d) The de termina tion of mode stability/ ins tab ility (eval ua tion
of stability integrals).

The second phase of the code provides for the coupling of the
acoustic response of the rocket cavity with that of the solid propellanL
grain for the purpose of obtaining a more accurate value (than would be
obtained by considering “acoustically hard’t cavity boundaries) of the
acoustic frequency, and for calculating the amount of structural
damping provided by the propellant grain. The solid propellant can be
modeled as a virtually incompressible material having a frequency
dependent complex modulus. The frequency dependency of the sol id
propellant modulus may require , in some cases, the employment of an
-iterative technique to obtain the coupled frequency and the rate of
structural damping .

Because modeling of the solid opellant greatly increases the
size of the problem , and therefore the cost of running it , the user
has the option of a cavity—solid coupled analysis or of a cavity
analysis alone . The principle of dihedral symmetry is fundamental in
the development of the code and requires that the user generate a
finite element mesh only for the geometry of the smallest repeating
cavity—propellant segmen t , the problem being basicall y one in
cylindrical coordinates.

FLAP3 was developed primarily for the following purposes:

a) To provide generality and accuracy in the modeling of
complex combustion chamber geometries.

b) To provide a means of predicting the damping of acoustic
oscillations by the solid propellant grain.

c) To provide an integrated program designed solely for the
purpose of combustion instability prediction with ease of use.
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The m a i i i  fe a t u r e s  of F LAP 3 are given in the f o l l o w i n g  l i s t  and
w i l l  be exp la ined  l a t e r :

a) It u t i l i z e s  a s p e c i a l ly  adapted th r ee—dimens iona l  f i n i t e
e l ement  i n p u t  data  genera t ion  (FLESH3 and FLSH3P) package .

b) It u t i l i z e s  the  p r inc ip le of dihedral symmetry which enables
a cons idera t ion  of only  the  smallest  repeat ing geomet r ica l  segment .

c) It coup les the response of the gas cavity w i t h  that  of the
solid p rope l l an t  grain to enable the calculation of the f requency  of
t h e  coupled system and the acoustic wave damping prr~vided by the
propellant grain .

d) It provides for  modeling the propellant grain as a nearl y
• incompressible mater ial  (which d i f f e r s  from the usual minimum po t en t i a l

energy f o r m u l a t i o n ) .

e) It u t i l izes  the principle of condensation , in which , in th i s
case , the f lu id  pressure degrees—of—freedom are designated “master ” and
t h e  solid propel lan t  disp lacement and mean pressure parameter degrees—

• o f—freedom are designated “slave. ” This enables a major reduct ion  in
• the size of the problem; the number of equations is reduced f rom the

to ta l  number of deg rees—of—freedom of the coupled system to the number
of f lu id  pressure degrees—of—freedom.

f )  It provides the option of considering the response of the gas
cavity alone (which modeis the cavity boundaries as “acoust ical ly h a r d ” ) .
This option mig ht  be u t i l i zed  in certain cases where a savings in
computer  costs or storage is a dominant consideration. In this case

no previously described condensation routine obviously would not be
- avoked.

g) It calculates the three—dimensional potent ial  f low f i e ld .

h) It evaluates the s tab i l i ty  integrals for  the ca lcu la t ion  of
the net dr iv ing/damping c o e f f i c i e n t  for each acoustic mode.
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Section 2

PRE-P ROCESSOR — FINITE ELEMENT MESH GENERATOR

I t  is necessary to develop a f in ite element mesh fo r only one
repeating segment (Figure 1) of the total cavity—solid propellant
rocket geometry . This is true because of the employment of the
principle of dihedral symmetry in FLAP3. Although the three—dimensional
element used in FLAP3 for both the cavity region and the solid propellant
is a tetrahedron [1], the mesh is tha t of br icks connec ted at the
corners. Each brick , or quasi—hexahedron , is comprised of five basic
tetrahedra (Figure 2). The breakdown of the quasi—hexahedron into
tetrahedra is performed internally ; therefore , the mesh need be no
more complicated than that shown in Figure 3.

~~~~~~~~~~~~~~~~~~~~~~~~~

/7
— SMALLEST

REPEAT ING
SEGMENT

Figure 1. Three—dimensional cavity—solid propellant model.

The pre—processor phase, or finite elemen t mesh genera tor , FLESH3
(Fluid Mesh Generation, 3—Dimensions), is an eff icient rou tine which
automatically crea tes the comple te f inite elemen t mesh , consisting of
bo th cavi ty and solid propellant regions , from a minimal amount of
input. Each repeating segment is sectioned in the jougitudinal or
z—direc tion, with each section comprised of a number of quadr ila ter al
parts which are identified by a counterclockwise listing of their part
boundary curves. Part boundary curves may be ellipses as well as
straight lines; their points of intersection are designated by 1,3
indices as shown in the User ’s Guide for FLESH3 (Figure 4) which begins
on page 14.
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Figure 2. Quasi—hexahedrOn (brick) composed of five tetrahedra .

FINITE ELEMENT MESH
AUTOMATICALLY GENERATED
BY FLESH3

Figure 3. Repeating cavity—solid propellant segment model.
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Section 3
DISCUSSION

3.1 Dihedral  Symmetry

If  a geome t r i ca l ly d e f i n e d  body is comprised of iden t i cal
segments s ”inietricail y arranged with respect to an axis , t h ~ degrees—

-• 
of—freedu~~, for a finite element analysis , can be cransf~-rne d into
uncouçled symmetrical c~imponen ts , thereby greatly reducing the number
of equations which must be solved simultaneously 112]. A further
reduction occurs if each segment has a plane of reflective symmetry .
Dihedral symmetry is the term applied to this latter condition. It
can be seen from Figure 1 that a typical solid rocket geometry meets
this requirement; therefore , the principle of dihedral symmetry can
be employed in a three—dimensional (cylindrical coordinate) analysis.
The application of the princ iple to this problem is explained in detail
in Reference 3 and will not be repeated hete , but the resulting
analysis will be discussed .

Employing the principle of dihedral symmetry , F LAP 3 comp utes
three distinct types of acoustic harmonics: the zero harmonic , the K
harmonics , and the M/2 harmonic . The zero harmonic exists for all
cases and is the only harmonic which does exist for the case of a
rocket having an annular cavity. The number of po sible K harmonicn
is given by

K = 1, ..., J (1)

where the harmonic index J is given by

M - 1 (if M is an odd number) (2a)

or

M - 2
= 

2 
(if M is an even number) (~ h)

where M is the number of radial slots or lobes. For the case of an
annular cavity, where radial slots do not exist , an arbi trar ily small
repeating segment (subtended by a whole number of degrees) may be
selected for analysis. The M/2 harmonic exists only when M is an even
number. Referring to the geometry of Figure 1, the zero , first , and
second harmonics, for example , could Le calculated . The latter two
are both K harmonics.

9
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The longitudinal modes associated with each harmonic are calculated
internally by FLA.P3, as requested by the user. The result of this
operation (acousto—modal eigensolution) is the natural circular frequency
associated with each acoustic mode and the corresponding acoustic
pressure distribution (normalized acoustic pressure at each finite
element nodal point) for the smallest repeating segment. The pressure
d istribu tion in all of the o ther segmen ts is then simply calc ula ted
automatically through the dihedral transformation. The acoustic
velocity components (constant for the region occupied by each cavity
tetrahedral element) are computed from the acoustic pressure nodal
point values for those cavity elements which are adjacent to the
solid propellant grain (characterized in FLAP3 as fluid interface
tetrahedrons).

The formulation of the complete three—dimensional finite element
acousto—modal analysis, in which the natural circular frequency, the
acoustic pressure distribution , and the element acoustic veloc ities
are calculated , is given in Reference 4 and will not be repeated here.
The theoretical finite element formulation which was used in the
development of FLAP3 is also presented in Reference 5.

3.2 Coupled Response

The presence of the solid propellant grain can significantly
shif t the acous tic system freq uency from that of the gas phase alone ,
a portion of the acoustic energy being dissipated by the deforinable
solid material. This effect can be one of the more significant sinks
for acoustic energy in both large and small rocket motors , the amount
of damping depending on the grain geometry and mechanical properties
and on the acoustic mode shape and natural frequency .

To evaluate the coupled cavity—solid propellant grain response .
it is necessary to model both cavity and grain by the finite element
method . This great ly increases the size of the problem to be solved
from the s tandpoint  of number of ini t ial  de grees—of—freedom . 110
coupled f i n i t e  element fo rmu la t i on  [5] which is programmed in FlAi l
is expressed in mat r ix  form as:

/r F 01 r-r U i\ ~( i— —~- :—— -i - ~2 ‘
~ A 0 ( 3 )

K] L° ~o]J ~
where [F] is the f l u id  inertia matrix , [T] is the fluid compressibility
matrix , [K] is the solid stiffness matrix , [M) is the solid consistent
mass m tr ix , [U] is the matr ix  which couples acoustic pressure degrees—
of—freedom to solid displacement degrees—of—freedom , {p} is the acoustic

pressure vector, {
~

} is the solid displacement vector , {H } is the mean

pressure parameter vector (to be explained later), and A 2 is the eigen—
value of the coupled system.

10

___  

‘• .



-~~~ -~~~ •~~~~~ •~~~~~ -- -- 
.‘---•- •. —- -

c s t  rut-ru ra l d amp i n g  ( L i l t  he a t t r i b u t e d  t the o u t — a  —ph a
r esponse  oI t lie so I i d p r ope l  hint  ~‘, r a i n  wh ~~h i  i s  r n - . i i  rec i n e urns of
t I R -  &- oi:qiI~~x s h ear i n g  m o d u lu s  of the  g r a i n , whi h , ~~iI turn , rustfl -

~ in
a cam p l ox  eigenvalue for the coupied sy st  t-rn . The [nag i : I r v  p a r t  ol
t i n -  comp lex t i gon v a lu e  obta ined from the  ei gen s o i u t  ion  i a the nat ‘ l ! • i ]

c i  r c o l i i r  f r e q u e n cy  of the  coup led sys tem w h i l e  tile n-a l p a r t  is the
s t r uc t u r a l  d am p i n g  r at e .

Because the complex shear ing m odu lus  is f r e q u e n c y  d pen dL-iI t , a
se r i e s  ~f it v- rat t o ns  I I I J \  be necessary b e f o r e  the a c t - u r a L t -  v i i  n e  ~~1
comp i ox niodu I n s  f o r  i n p u t  in to  the  program is d e t v u ~c Oed .

3.3 Propellant Grain Modeling

Because the propellan t grain is acc ura tely mod eled only as
a nearly incompressible material, the well—known standard Nay ier dis—
placement formulation would lead to inaccuracies in the finite element
modeling of the grain. To avoid this situation, the solid finite
element formulation utilized in FLAP3 is that of a linear displacement—
linear mean pressure tetrahedron [6]. It is similar to the Herrmann
variational formulation [7] which employs a linear displacement
function and a constant mean pressure function . The finite element
modeling of the propellant grain used in FLAP3 is outlined in detail
in Reference 5 and will not be repeated here.

3.4 Eigenvalue Economizer — Condensation

The extraction of eigenvalues and eigenvec tors is a f ar
more expensive operation than is the solution of simultaneous linear
equations. It requires roughly twice as long to extract a single
eigenvalue as it does to do a single static analysis. To reduce or
condense the number of degrees—of—freedom in the eigensolut ion, the
following technique is utilized in FLAP3. Further details of the
method are found in Reference 8.

The original formulation of the coupled system is given by
Equation (3), where the number of degrees—of—freedom is equal to t h e
number of cavity nodal point pressures plus the number of solid
propellant nodal point displacement components plus the number of
solid propellant nodal point mean pressure parameter values (one at
each propellant node) for the analyzed repeating segment. The
condensed fo rmula t ion  is given by:

11 
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( lF j - A 2 [T i)  {p) = 0 (4)

where

~~ V IFkl I I i
[ F l  = p~] E~~1L-T-1 ( 5a )

and

I ‘ l IT : u l l
[Tn 

= r-
~
-
~
j [~T~1g:]L;~ 

( 5 b)

where I is the identi ty matrix . The relationship between initial and
reduced degrees—of—freedom is given by:

_p__ 
f ’ ~~

—

~~~~ L;~
;
~ 

~~~ 
(6)

3.5 Uncoupled Response

Althoug h one of the most important features  of FLAP 3 is the
coupled cavity—solid propellant response analysis capabi l i ty ,  the
option of a cavity analysis alone is available to the user . In this
case , the cavity—solid propellant interface is modeled as an
“acoustically hard” boundary. The cavity only option would great ly
reduce the computer storage requirements for FLAP 3 and would in certain
cases , suf f ice .  The user need make only two simple modif icat ions in
the input data;  these modifications are described in the FLAP 3 User ’ s
Guide which begins on page 19.

3.6 Potential Flow Calculation

The four th  phase of the complete three—dimensional code
package utilizes the FLAP 3 subroutine which carries out a potential
flow analysis for the purpose of determining the mean flow f ield in
the rocket cavity . As in the case of the acousto—modal analysis ,
only the smallest repeating geometrical segmen t need be considered ;
for  this calculation, only the cavity portion of the segment wi th  the
proper boundary conditions is considered . The same general formula t ion
of the f ini te  element model equations of mot ion is utilized except
that , in this case , the fluid is considered to be incompressible. The
mass flow into the cavity from the burning propellant surface  is
modeled as a cavity—solid propellant interface nodal point quant i ty .

12
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3.7 Evaluation of Stability Integrals

The final phase of the code consists of the calcu latini of
the stability integrals associated with the various driving/damp ing
coupi ing p t - c L i i ’  i s ms which occur in the cav i  ty chamber in t h e presence
.1 combus t  i o n  arid l w .  FIR- ar abil it v i n t e .i~’r ; i l s u~a - a - n t  l y in-o rpo r ;i t - i
into l- LA T - 3  ire those (ht- n - iv .d [1] for t h e  t l i r e e — d  i : - -n ~ . i o n ; i l  a u . - , a i on~
w i t h  t i e  f l o w — t u r n i n g  f o r m ul a t  ion . T h e  use of a l i  ‘ - a r  . r t .-ssu r t -  (arid
t h e r e f o r e  cons t an t  vel D e i t y )  tot r ili edra 1 e I eLI - l i t  In ri- p r -sent th i
cav i t y  r eg ion enables an ex a c t  e v a l u a t i o n  of ‘h e  s t i d i l i t v  i n l t g r a l s ,
g iven th e  a c a u s t  Ic noda.l po in t  pressures and e lement  ye I c t i e s  u r i d
the mean flow element velocities frox the finite e I : . - I t  solutions.
At present  FLAP 3 does not contain a rout  inc t a r  e - ; - i i u a t  ing nozzle
da m p i n g  or p a r t i c le  damp ing .

The calculation of stability integrals is for t i c  purpose of
e v a l u a t i n g the  dr iv ing/ damp ing c o e f f i c i e n t , a , a f a c t  w e l l — k n o w n  t o
t h e combust ion community. A positive - .i i n d i c a t e s  an u n s L i b l e  mod e if
osci l l a t i o n  whi l e  a negat ive  a i n d i c a te s  a s table  mode .  The net  value
of a computed by FLAP3 is a summation of the computed values of

(t ~ r e o s ur e  coupl ing) , 
~~~ 

(velocity coup ling), aFT (flow—turning), and

tSD (structural damping). The value of aSD is obtained from the ~~~~
plex eigensolution described in an earlier section ; the other three
a—values are obtained from the evaluation of the stability integrals.
It is known that the pressure coupling mechanism always drives the
acoustic oscillations, that the velocity coupling mechanism may either
drive or damp the oscillations , and that the flow—turning mechanism
always damps the oscillations . The response factors are input into
the program as multiples of the stability integrals for the calculati--n
of the ci’s obtained from the different coupling mechanisms . The
propellant grain—dependent response functions are obtained from otheu
analyses and utilized as direct input into FLAP3.
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Sect ion 4
FLE SH3 USER ’S GUIDE

I. TITLE CARD (80A1)

Columns Variable Entry

1—80 ITITLE Title informat ion
Key word “END” stops job

II. CONTROL CARD (4I5 ,Fi0.0 ,15)

Columns Variable Entry

l~ 5~ INAX

6_lOl JNAX

11—15 NNC Total number of part boundary curves

16_20 1 IBC Number of node code sequences

• 21—30 SCALE Scale factor to multip ly coordinates
(Default  set to 1)

31—35 NLAY Number of sections in z—direc t ion

III. PART BOUNDARY CURVE CARDS (2F10.0 , 215, 4FlO.O) 2

Columns Variable Entry

1—10 A(i,K) x coordinate (x0 of ellipse)

11—20 A(2,K) y coordinate (y of ellipse)

21—25 NN Number label of curve (for tabulated
curves , last card only)

26—30 NP Blank for tabulated curve
Angie subtended by generated ellipse
(to nearest degree)

31—40 AA Radius of ellipse along x—axis

41—50 BB Radius of ellipse along y—axls

5l—6O ~ TH1 Beginning and end angles in degrees ,

TH2 counterclockwise posit ive from x— axis

14
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IV. NODE CODE SEQUENCE CARDS ( 51 - 5 .i

Columns Variable

l—5~ IC Node sequence type

6—10 Ii

11—15 Jl

16—20 Ii (or 12)

21— 25 J2 (or Ji)

V. PART DEFINITION CARDS (14I5)~
(A value of —l wil l  end this sequence)

Columns Variable Entry

1—5 NP Part number (do not de f ine  degenerate
par t s )

6—10 Il Minimum index of par t

11—15 Ji Minimum index of part

16—20 12 Maximum index of pa r t

21—25 J2 Maximum index of par t

26—30 Ll Number label of curve from (I1 ,J1)
to (12 ,Jl)

31—35 L2 Number label of curve from (12 ,J1)
to (12 ,J2)

36—40 L3 Number label of curve f rom (12 , J2)
to (Ii ,J2)

41—45 L4 Number label of curve f rom (Il , J2 )
to (Ii ,Ji)

46—50 MT Part  designator

51—55 NN Number of additional pa r t s  in ( I )
direction whose constant  ( I )  curves
are incremented by 1

56—60 13 Increment in I (13) default set to 1

61—65 J3 Increment in J (J3) default set to 1

66—70 IR Set to 1 to Invoke Laplace relaxer
for  this  sequence of par t s

15
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VI. SECTION LOCATION CARD (FlO.0)
(The axis origin should be placed at the
nozz l e  end of the cav i ty )

Columns Variable Entry

i_io6 ZO Distance along x—axis (cavity
longitudinal axis)

15, J1O PART 1 (FLUID)

ii , j io I1, J1 T0 15, J1 (CURVE 1)
IS, Ji TO 15. J5 (CURVE 2)
15, J5 TOIl , J5(CURVE 3)
I1,J5 TO I1,Jl (CURVE 4)

IS J6 
PART 2 (FLUID INTERFA CE )

Il , J6 Il .J5T 0 15, J5 (CURVE 3)

15 ~ 
(5, J5 TO 15 , .16 (CURVE 2)

“ l1,J5 15,J6 TO I1 ,J6 (CURvE 5)
Il ,J6TO 11 .J5(CURVE 4)

PART 3 (SOLID )

• Ii , J6 TO 15, J6 (CURVE 5)
SECTION IS 15, J6 TO 15, J10 (CURVE 6)

Ii . Ji PERPENDICULA R 15, JlO TO Il , J10 (CURVE 7)
15,Jl TO THE Z—AXIS il ,JtO TO1l ,J6 (CURVE S)

x

Figure 4. Finite element mesh generation
for cavity—solid propellant by FLESH3.

FLESH3 Notes

1. Each node will be identif led in a sequence as this  input labels
the node type. No node may be contained in more than one node
sequence.

2. Care is necessary in defining part boundary curves to insure tha t
all parts  are bound by intersecting curves and that  ellipses are
cut by other curves passing through them . All par t  boundary
curves , regardless of section location , are labeled and def ined
in Cards III .

3. For tabulated curves, TI-li = 0.; TH2 is blank

4. Enter for IC: 1 if fluid node sequence; 2 if interface node
sequence; 3 if solid node sequence.

16
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5. Each section of a common z—dimen slon is comprised  of f o u r — s i d e d
p a r t s  which are iden t i f i ed  by CCW listing of their part boundary
curves ;  one card fo r  each part (Figure 4 ) .  MT is the  par t
des ignator  and identif ies  all elements wi th in  that part as bei ng
of the same material. Enter for t1T: 1 if fluid part , 2 if
interfa ce par t, 3 if solid part. Interface parts are those whose
elements all have at least one side on the fluid—solid interface.
Elements with only one edge on the interface are not interface
elements. Enter —l for NP to terminate each set of part defini-
tion cards which define a section perpendicular to the z—axis
(cavity longitudinal axis).

6. Card VI is placed at the end of a series of Part Definition cards
which describe a section. There should be as many Cards VI as
there are sections.

17
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Section 5
FLSH3P USER ’S GUIDE

The use of FLES}13 is limited to continua with consistent part
description from section to section . Consequently , when abrupt changes
in cross—section configuration occur , it is necessary to run the
continua through FLESH3 in segments and to post—process the results to
combine the segments. A post—processor , FLSH3P, is provided for such
cases. Minimal FLESH3 output manipulation is necessary to enable FLSH3P
to renumber all nodes, elements , and interface surfaces , and to
redesignate nodes which may fall on the interface surface after con-
solidation of the segments. FLSH3P will not generate interface sur-
faces perpendicular to the z—axis (cavity longitudinal axis).

I. CONSOLIDATION CONTROL CARD (315)
1

Columns Var iable Entry

l_52 ND Number of segments to be consolidated

6—10 IM Maximum I index of Sections

11—15 JM Maximum J index of sections

II. SEGMENT CONTROL CARD (515)
(“ND” number required)

Columns Variable Entry

1—5 NC Number of nodes in segment

6—10 NF Number of fluid brick elements in
segment

11—15 NS Number of solid brick elements in
segment

16—20 NI Number of quadrilateral interfaces in
segment

21—25 NZ Number of sections in previous segment
(NLAY for previous segment)

FLSH3P Notes

1. The consolidation control card is input as the first record with
segment control cards and FLESH3 data following . The segment
control cards for  each segment precede the segment data cards.

2. A value of 0 stops the job.

18
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Section 6
FLAP3 USER ’S GU iDE

I. TITLE CARD (80A1)

Columns Variable Entry

1—80 ITITLE Title information
Key word “END ” stops job

II. CONTROL CARD (315 ,Fl0.0)

Columns Variable Entry~

1—5 NOD Total number of nodes

6_ lO l NTS Number of i n t e r f ace  sur faces

ll_l52 NSLOT Number of radial slots

16—25 ANGLE Angle (in degrees) subtended by smallest
repeating segment ; must be whole number
of degrees if NSLOT 0

III. FLUID PROPERTIES CARD (I5 ,2FlO.O)

Columns Variable Entry

l—5~ NFB Number of fluid bricks

6—15 BULK Fluid bulk modulus

16—25 FDEN Fluid mass density

IV. SOLID PROPERTIES CARD (15,4F1O.O)

Columns Variable Entry

l—5~ NSB Number of solid bricks

6—15 SDEN Solid mass density

16—25 PRT Poisson ’s ratio

26—35 CR Storage modulus

36—45 CI Loss modulus

19
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V . MODAL ANALYSIS CARD — ZERO HARMONIC (315)

Columns Variable Entry

i—5~ ZHAR Enter 1 if zero harmonic is desired ;
enter 0 if not

6—10 IZM Enter number of lowest zero harmonic
mode desired

11—15 LZM Enter number of highest zero harmonic
mode desired

VI. MODAL ANALYSIS CARD —M/2 HARMONIC (315)

Columns Variable Entry

l—5~ MHAR Enter 1 if M/2 harmonic is desired ;
enter 0 if not

6—10 INN Enter number of lowest M/2 harmonic
mode desired

11—15 LMM Enter number of highest M/2 harmonic
mode des ired

VII. MODAL ANALYSIS CARD — K  HARMONICS (315)

Columns Variable Entry

l—5~ K}IAR Enter number of K harmonics desired ;
enter 0 if no K harmonics are desired

6—10 1KM Enter number of lowest K harmonic
mode desired

11—15 LKM Enter number of highest K harmonic
mode desired

20
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VIII.  K HARMONICS CARD (815)
(Omit this card if NSLOT 0 or if KUAR = 0)

Columns Var iable Entry

1—5 lU-ID Enter 1 if K = 1 is desi red ;  enter
O if not

6—10 Enter 2 if K = 2 is desired ; enter
O i f  not

(continue through all possible

K harmonics) 5

36—40

IX. COMBUSTiON PARAMETERS CARD (2F10.0)

Columns Variable En try

1—10 GSPEED Speed of gas leaving the burning
surface

11—20 CcM Mass fraction of particulate material

X. RESPONSE FACTOR CARD (4FlO.0)

Columns Variable Entry

1—10 RPC Pressure coupling response factor

11—20 RVC Velocity coupling response f a c to r

21—30 RFT Flow turning response factor

31—40 RSD Structural damping response factor

21
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X I .  NODAL POiNT DATA CARDS (15,3F10.O,L5) 6

(The axis origin should be i-laced at the nozzle end of the cavity )

Columns Variable

1—5 NNUM Nodal point number

6—15 X x coordinate

16—25 Y y coord ina te

26—35 Z a coordinate

36—4O~ NTYPE Nodal point ident i f ier

XII. FLUID ELEMENT CARDS (1015)
8

Columns Variable Entry

1-5 ENUN Brick element number

6—10 1
11—15 2
16—20 Global node 3
21—25 point numbers 4
26—30 corresponding 5
31—35 to element nodes 6
36—40 7
41—45 8

46—50 Enter 2 for an element on the fluid—
solid interface; enter 1 otherwise

SOLID ELEMENT CARDS (1015)
8

(Omit these cards if NSB = 0)

Columns Var iable Ent~y~

1—5 ENUM Brick element number

6—10 1
11—15 2
16—20 Global node 3
21—25 point numbers 4
26—30 correspond ing 5
11—35 to element nodes 6
36—40 7
41—45 8

46—50 Enter 3
22
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XI II . QUADRILATERAL INTERFACE SURFACE CARDS (6I5)~

Columns Variable Ent ry

i—S SNUM Quadrilateral surface number

6—10 Global node 1
11—15 point  numbers 2
16—20 corresponding 3
21—25 to element nodes 4

26~ 3O~~ Enter 1 for a surface whose outward
normal is pos it ive ; enter 2 for  a
surface whose outward normal is
nega tive

FLAP 3 Notes

1. An interface surface is the quadrilateral face of a brick
(quasi—hexahedral) which lies on the cavity—solid propellant
boundary .

2. The program is not limited to the analysis of cavities having
narrow radial slots. It is applicable to any similar type
geometry such as a star or cloverleaf pattern , or to an annular
cavity where NSLOT = 0.

3. This is the number of bricks (quasi—hexahedral) making up the
cavity portion of a repeating segment.

4. This is the number of bricks (quasi—hexahedral) making up the
solid propellant portion of a repeating segment. When the
“cavity only” option is exercised , NSB is input as 0.

5. There are three distinct types of harmonics: zero , K, and M / 2 .
The zero harmonic always exists; the K harmonics are given by

K = l , ..., J

where

N -
2 

(for odd M)

M -  2
= 

2 
(for even M)

23
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where H is the number of radial slots or lobes; t h e  M/2  ha rr~ - :~~c
exists only when M is an even number .  When NSL OT = 0 , only the
zero harmonic exists.

6. All of the remaining data (Cards XI through XIII) can be automati—
Lally generated by the program FLESH3 which is specially developed
for use with FLAP3.

7. Each nodal point lying inside the cavity region is identified by
1; each nodal point lying on the cavity—solid propellant inter—
face is identified by 2; each nodal point lying in the solid
propellant region is identified by 3.

8. Element node numbers:

V

FLUID OR
SOLID BRI CK 

7
~~~~~~~~~~ _ _ _ 2

5 
—

6

9. ~~en the outward normal to a quadrilateral interface surface is
positive , the surface is designated 1; when the outward normal
is negative , the sur face  is designated 2.

/ SOLID /Y 

~~~~~~~~~~~~~~~~~~~~~~~~

I ‘~ CAVITY 
/ REG ION

QUADR I LATERAL
J\ REGION \ /// ///

._~IIEE~~~~~~~~~~~t~
II_-. 

I \\ / PROPEL LANT

POSIT IVE
INTERFACE SURFACE 

L QUADRILATERAL INTERFACE\ 

2 L~ 
~ OUTWARD

NORMA L

SURFACE

10. If FLESH3 is used to generate the finite element mesh data f o r
FLAP 3, all quadrilateral interface surfaces will be automat ic:il Iv
designated as 1 (positive outward normal). In cases where the
outward normal is actually negative , the designation change t~ 2
must be made manually.

24
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Section 7
CONC LU S IONS

Simply stated , FLAP3 performs a l inear acousto—modal analvsi~
of the irrotational motions of an inviscid , compr essible f l uid coup led
to the irrotational motions of a nearl y incompress ible , l i nea rly  i s ot r cp i c
v i s coe l a s t i c  solid and a l inear  po ten t i a l  f low analys is  of the
i r r o ta t i c- i i a l  mot ions  of an inviscid , incompressible fluid , and ü a - n
de te rmines  the e f f e c t  of the f low f ie ld  and combus t ion  on the  ca 1cuJa ~ ed
acoustic oscillations. There are obvious limitations attached to an-;
code which is as basic as the previously listed restrictions dictate ,
b u t  it is f e l t  t h a t  the  developed code presented here is p robab i ’.- a -~
sop histicated as the present state—of—the—art w a r r a n t s .  I t  is -~- i e ~c. -

~

by the developer as having much potent ial  as both a design and a
research tool. As the state—of—the—art in combustion technology advances ,
it is f e l t  tha t  the  code can be revised relatively easily and updated
to include the new technology ; at least it was designed wi th  t l ’at  in
mind .

One of the most attractive features of FLAP3 is the ease of use ,
which , hope fu l l y , is demonstrated in the examples found in the  appendices .
Other extremely important attributes are the fact that it i~ threc—
d imens ional , that it performs a coup led cavity—solid propellant analysis
(or, alternatively, a cavity only analysis) and tha t all analyses are
contained in a single program . Features of the code which do not enhance
its reputation also exist; they too should be pointed out. Tt is a
large program requiring a large amount of storage and it may r e q u i r e
long run times , as is the case with any three—dimensional finite element
program . Presently , the entire program is in—core computation , but th:s
will  probably be modif ied.  In certain instances , a two—dimensional
(axisyrnmetric) uncoupled analysis provides sufficient accuracy ; for
such cases , use of the three—dimensional code might not have merit.

It is felt that the demonstrated attributes of FLAP3 far outweigh
any foreseen disadvantages and tha t it can prov ide the means of per-
forming important analyses which were impossible before its
implementation.

25
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Appendix A. DIMENSIONS OF VARIABLES

~-L-\1N P~~~~SX’~ — FLAP 3

~
) The fo l l o w i n g  va r i ab les have the l ixed d~~~ -~: - i - s i- ;  i n d i L . - n - - s :

K(1 6 J6) , ~~-~ I (  16 , 1 1) ,  TR( 16 , i b )  , ;F(10 , I ) ,  SB (l- ,l~ )
ART ( 1 2 ) ,  5 (16) , NHAHN(16) , ITITLL (80)

2) The f o l l o w i n g  var iab les have d imens ions  at ~ -;i st e~~uai t;i N~;Ii ,
whe re soi; is the total number of nod~-s whic- se .~~er di ;ia1i c- s are
input : X, Y , Z , ~1P , NR , SI’ , N7, Nh! , SP , ~T’iPE , SS , A\I~- ,

, \ S Z .

3) The following variables have dimensions JL  leas t equal to
NI S where 515 is the number of q u a d r i l a t e r a l  i n t e r f a c e
su r f ace s :  INS , JN S , LNS , ~~~~ ISCODE , SA RJ I A , XCUN , YCON , ZC ON .

4) The fo l l owing  variables h ave dimensions at leas t equal to
2*5Th: 1ST , JST , KST , IDT , IDS , SVX , SVY , SVZ , 1’AR .

5) The- variab les lINT , JNT , LN T , and ‘1ST have dimensions at least
equal t o  5*NE , where SE = SF5 + NSB , where  NFB is the number
of fluid bricks and NSB is the n umber of so l id  b r i c k s .

6) The variables PR and PL have dimensions at 11-53 t equal to
(S ,P )  where S is one—half of the number ci r epea t ing  segI:1e:~.Ls
and P is the number of fluid nodal points plus the number  of
i n t e r f a c e  nodal po in ts .

7) The variables MAS S , STIFF , and STM have dimev.sions at least
equal to (NUDF ,NUDF) where NUDF = (Number of Fluid Nodal
Points) + 5*(Number of Interface Nodal Points) + 4*(Number
of Solid Nodal Points) , or NUDF = P, when NSB = 0.

8) The variable T has dimensions of (2*NPD ,NPD) where
NPD = NUDF — P.  If NSB 0 , the dimensions of T can be
(2*P ,P ) .  If NS~ = 0 and RHAR 0 , the dimensions of T can
be (1 , 1).

9) The var iable  KHD has the dimension of KH AR . The var iables
AL , BW and ETC have the dimension of LZM, LMM or LKM,
whichever is larger.

SUBROUTINES - FLAP3

Table A denotes the correspondence between subroutine variables and
variables in the main program. All subroutine var iables  mus t have the
same dimensions as the corresponding variables of the  main program.
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‘[‘AS Li - A. CORRE h ‘ON D1 -N CE OF VARIABLES — !-‘Lj s ’ 3

t ; I~ r o u t  i l i e  V a r i a b l e s  Main  I’rogram V a r i a b l e s

Sub r it inc Mh ’L ’F I- ’

51,5  MAS S or STIFF

Subrou tine SI’L’I’IS

SI’S MASS or STIFF

S u b r o u t i n e  M1;LT

DUN MAS S or STIFF

Suhrou t i r ~e DETE RM
S STh

Sub rou t ine  EQSOLV

S STM

FLSH 3P

1) The va r Iab les  51’ and NM have dimensions at least equal to 155(2
where  I SSC is the sum of the nodal points in all of the
segments  which are being comb ined.

2) The variable  C has dimensions at least equal to (3,issc) .

3) The variable MF has dimensions at least equal to (l),I h5F
where ISNF is the total number of fluid bricks .

4) The variable MS has dimensions at least equal to (l0 ,IS5~ )
where ISNS is the total number of solid bricks.

5) The variable MI has dimensions at least equal to (6 , I SN I )
where ISNI is the total number of quadrilateral interface
surfaces.

28



Appendix B. EXAMPLE ANALYS IS OF A TYPICAL
BEAM R I D E R  MOTOR C O N F I G U R A T I O N

: The beam rider motor configuration shown in Figure B has an annular
cavity containing a solid propellan t core , with solid propellant also a
the head end . Because the cav i ty—prope l l an t  geomet ry  unde rgoe s  a h r u ; - t
changes f rom end to end , the finite element input data to FLAP 3 were
generated using both FLESH3 and FLSH3P. Because FLE SH3 does not a u t o —
matically generate cavity—propellant interface surfaces which are per-
pendicular to the longitudinal axis, these surfaces and those interfa e
surfaces having negative outward normals were manually added to those
interface surfaces which were automatically generated. It was also
necessary to change the designation of some of the nodal points and h r i cr --
genera ted  by FLSH3P , for th is  conf igura t ion  for  the preceding  reasons. Th-
changes are systematic and easily made and are noted in the I n p ut  to FLAP 3.

Because the cavity is annular (no radial slots), the angle suht ende -i

by the st;~allesc repeating segment was arbitrarily taken as 9
’ . ‘th e fact

tha t onl y the zero harmonic exists for the case of an a n n u l a r  c a - .’ i t y was
recognized , as r e f l ec t ed  in the input data. The pages following Figur e
B conta in  reduced computer ou tpu t  fo r  the beam r ider  anal ys i s .

29 
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Input to FLESH3

FL t SH3 — B EA M ~ L OER ( I)
8 2 . 6 , 1.0 1•

J. 0. 0 0 0. 3. 3. 0.
?. 0. 1 6 0 .  3 ,  0 .  0.
3. 0. C C. C. 3. ;.

1 . 9 7 5 3 8  • 31 26 ’  2 C 3•  3.  3 .  0.
3 .  0 .  -3 9 .2 5  .?i 3• 9.
0 .  0. 4 1 .03 1.33 3. 9.
a . 0~ 5 9 1.18 1.15 3. 9.
_ i .  3 .  6 9 t . 9~ 1.Oi 3 .  9.

3 I. 1 5 1
3 1. 2 3 2
3 • I . 2
2 3 1 5 2
3 3 1 3 1
3 ~ 2 1 2
1 1 1 4 2 ~. 4 2 3 3 0 3 0
2 ~ 1 3 2 1 5 2 4 2 C 3 0
3 3 1 8 2 1 6 2 3 3 1 3

—i o -: C C O  0 C U S 0 0 0

1 1 1 4 2 1 ~ 2 3 3 0 0 0
2 • 1 3 2 1 5 2 I. 2 3 3 C
3 3 1 3 2 1 6 2 5 3 u 0 1

—1 3 3 0 0 0  1 0 1 0 3 3 3 0
2 . 3 3

1 1 1 • 2 3. ~. 2 3 3 0 0 0
2 • 1 5 2 1 5 2 4 ? 0 0 0
3 5 1 8 2 1 6 2 5 3 3 3 3

—1 0 0 0 C C 0 0 6 0 3 0 ~ C
4 q 3 7

I. 1 1 . 2 1 4 2 3 3 0 0 0
2 • 1 5 2 1 5 2 4 2 0 3 0
3 5 1 8 2 1 6 2 5 3 0 0 9

—1 3 0 0 0 0 C 3 0 3 i 0 0
7 . 3 3

F .ES’4 3 — UEAPI k IDE R (II) -

8 2 6 6 1.0 2
3 .  0. 0 0 1. 3 .  3. G .
2. 0. 1 0 ~~. 3. 3 .  0.
0.  0. 0 0 0 .  3 .  3 .  0 .

1 .9753 i3  . 3 1 28 7  2 o 0. 0. 3 .  0.
3 .  0 .  3 9 •2~ . 2~ 3 .  9.
0 .  0. 4 9 1.03 1 .3 3  3 .  9.
3 .  0. 5 9 1.18 1.18 3.  9.
0 .  0. 6 9 1.96 1. 1 3  1. 9.

1. 1 1 3 1
1 1 2 3 2
1 • I • 2
2 5 1 3 2 -
3 5 1 3 1 -
3 - 2 3 2
1 1 1 • 2 1 4 2 3 1 3 0 0
2 • 1 3 2 1 5 2 4 2 0 0 0
3 3 1 5 2 1 6 2 5 3 0 0 0

—1 0 0 0 6 0 0 0 0 0 3 . 0 0
7.30

1 1 1 • 2 1. 1 2 3 1 U 0 0
2 ~ 1 - 2 1 5 2 4 2 u 3 0
3 5 1 3 2 1 6 2 5 3 0 0 6

—1 3 3 0 0 0 C 0 C 0 3 0 0 C
7 . 5 )  / -
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8 6 
~~~~~~~~~

1.97538 .3 t 2 8~ 2 C C .  3. 3 .  0.
3. 0. 3 9 .21 .2~ 3. 9.
0. 0. I. 9 1.03 1- 0 3  3 . 9. —
3. 0. 5 9 1.18 1 . 1 3  3 .  9.
0 .  0. 6 9 1.96 1 . 3 3  3 .  9.

3 1 1 3 1
3 1 2 3 2
3 4 1 • 2
3 5 1 0 2
3 , 1 3 1 —

3 3 2 5 2
1 1 1 * 2 1 1 2 3 3 0 3 Ci
2 ~ 1 3 2 1 5 2 I. 3 0 3 0
3 5 1 3 2 1 6 2 5 3 C .3

— 1 ,3 C 0 0 0  0 0 C 3 3 3 0
7.53

1 1 1 • 2 1 4 2 3 3 0 3 1
2 • 1 3 2 1 5 2 , • 3 3 3
3 5 1 8 2 1 6 2 3 o 0 1

— 1. 0 C C 0 0 0 0 0 0 3 3 3 0
8.20

END
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Outpu t  f rom FLESH3

. rt t t t  V t t V V tt - t T V  P i t t ?  P t ? ? ? ?  * ? t t t t *t V ?t t ? t * ? t  • tt ? t t  * t t * t t t t.  i t ? ?  * t t t t ? ,  * t t ? t f l t t

C.~RD I .  T I T l E .

F~~ESH 3 — BEAM -~IOER U) -

CA RD 11. 30”~TROL .

IM A X J M3X NNC IO C SCALE MI. ~~~ V

8 2 3 6 1. 4

C A R D  I I I .  PART 3OUd0A ~ l’ U k V~~.

X — C0Ol~O V — CO0C ~O MN NP £ X — A ~~IS 9 Y - A IS T H E T A I  1 ’ lET0. ~

o.oio o .ooo a a 0 . 9 c 3 5 8  C.~~3 0 - ~a o.o~ooe •
2.0)3 C.000 1 0 0.03330 0 .33300 0.00000 -3.330.33
0.0)0 Ci.~ GC 0 0 0 .03-333 0 .333j0 0.00000 G . 3 3 i 3 0 3
1.975 .313 2 0 0.03013 0.03000 0.00000 3 .33063
0.030 C..000 3 9 .25-3~~0 .25)30 0.00000 9 3000~
.3.032 L...CC ~ 9 1.333.3 1, .333 ~~0 0.00000 -~.3~~0C1
0.0)0 0.060 5 9 1 . 1 8 0 3 3  1.150-1 0 0.00000 ‘3.3 -3u 0
0.0)0 0.000 6 9 1.95030 1.33330 0.00000 9.30003

CsRO IV. NODE CODE SEi.~UENCE. 
-

IC (1  .11 12 .12

3 3, 1 3 1
3 1 2 3 2
3 4 1 4 2
2 5 1 5 2
3 5 1 8 1
3 5 2 8 2

33



CARD V. PART OE~~INI1IDN.

NP C l  .11 12 .12 LI  I.? . 3 LI. NT MN 13 .13 1~

1 1 1 4 2 1 • 2 3 3 0 0 3 — 3
2 4 1 5 2 1 5 2 4 2 0 0 3 — 3
3 5 1 8 2 1 6 2 5 3 0 0 - — 2

1 0 ‘t 0 0 3 0 0 0 0 0 C —~

CARD Vt .  SECT i ON L OCATI ON .

Z — C O O ~~0 -

0.000

N X V Z MT

1 .25000 0.30000 0.00000 3
2 .51000 0.30000 0.00603 3
3 .77000 0 . 3 0 0 0 0  0 . 0 0 0 0 0  3
4 1 .03000  0 .0 0 0 0 0  0 .0000 0  3 -‘

s 1. 183 03  - 0 . 3 - 0 0 0 3  0 . 0 0 0 0 3  2
6 1. 4-4000 0 .0 0 0 0 0  0 .6 0 0 0 0  3
7 1.70000 0.0000 0 0 .00000 3
8 1.36000  0.00000 0.00003 3
9 . Z ’ 192 .33911  0 .0 0 0 0 0  3

10 .5 03 72  . 0 1 9 7 8  0 .0 0 0 0 0  3
11 . 7 6 3 5 2  . 12 0 4 5  0 . 0 0 0 0 o  3
12 1.01732 .16113 0. 00000 3
13 1 .16547 .18459 0.00000 2
14 1.42227 .2 2 5 2 7  0 . o U U 0 - ~ 3
15 1.57 907  .26594 0.00000 3
16 1 . 3 35 5 7  .3 0 6 6 1  0 . 0 0 0 0 0  3
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CA~ O ~~. P A R C  O E : I N IT IO N .

NP £ 1  J i 12 32 Li U .3 L’. MT NH 13 J3 1~

1 1 1. 4 2 1 • 2 3 3 ~ 0 - —
~~

2 4 1 5 2 1 5 2 4 2 6 0 3 —
3 5 1 8 2 1 5 2 5 3 U 0 3 — J

— 1  0 u 0 0 0 0 0 0 0 0 0 -3 — .

CA.3 0 ~I. S E C T 1 ) N  . 3C A T Ij N .

z — coo~o
2 . 3 3 0

N X V Z Ml

17 .2 5 0 0 0  0 . 3 0 0 0 0  2. 3300 0  3
18 . 3 1 0 0 3  0.30000 2.33000 3
19 . 7 7 0 0 .  0 . J C 0 u C  2.3300 ,~ 3
20 t . 0 3 0 0 u  6 . 3 0 0 6 0  2. 3300. 3
21 1.18000  0 . 3 0 0 0 0  2. 330 00  2
22 1 . 4 4 0 0 0  0 . 3 0 0 0 0  2. 33006 3
23 1 . 7 0 0 0 3  u . 2 0 0 0 G  2 .33 .0 .  3
24 t . 3 6 0 0 a  0 . 3 0 0 0 0  2 . 330 0 0  3
25 .2 4 6 9 2  . 23 9 1 1  2. 33603  3
26 . 3 0 3 7 2  .37 9 7 8 2. 33000 3
27 .76052 .12045 2. 3 3 0 0 3  3
28 1.01732 . 16113  2. 33001 3
29 1 .16547 .18459  2. 33003  2
30 1 .4 2 2 2 7  . 2 2 5 2 7  2. 3300 3  3
31 1.57907 .2 6 5 94  2. 3330 0 3
32 1 . 93 5 8 7  . 50 6 6 1  2. 33000 3
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CARD w.  PART DE~~IN1TICN.

NP U JO 12 .32 Li ~2 .3 LO NT NH 13 J~U I~

1 1 1 4 2 1 • 2 3 3 0 0 ~ — ;
2 I. t 5 2 1 5 2 4. 2 0 0 3 —
3 5 1 8 2 1 , 2 5 3 0 . — :  -

— i  0 3 0 0 0 ) 0 0 0 6 0 .5 — .

CARD VI. SECTION OCAT ION.

2 —

4.670

N X V 2 MT

33 . 25000  0 . 3 0 0 0 0  4. 67 0 0 -3  3 
-

34 . 5 3 . 0 0 0  0 . j 000C  4 .67003 3
33 .7 7 0 0 0  0 . 3 0 0 0 0  4 . 6 7 0 02  3
36 1 . 0 3 0 0 3  0 . 3 0 0 0 8  4- .6700~ 3
37 1 . 18 0 0 3  0 .2 00 10 4. 6 700 3 2 ’
36 1.44 -0 00  0 . 3 0 0 0 0  4 . 67 000  3

- 39 1 . 7 0 3 0 6  0 . 3 3 0 0 0  4 . 6 7 0 0 0  3
‘40 1.96000 0 . 2 0 0 0 0  4 .67 0 0 0  3
‘.1 . 24692 .33911 4. 67 60 0  3 - -
42 .3 0 3 7 2  . 2 7 9 7 8 4 . . b 7003  3
43 .76052 . 1 204 5  4 . b T O O j  3
‘.‘. 1. 0 1132  .16113 4 . t~70 0J 3
‘.5 1. 16547 .184 59 4 . 6 1003 2
46 1,42227 .22527 ‘..~~100U 3
47 1 . 5 79 07  . 26 5 9 .  4 . .6 7 3 0~ 3
4 8  1.93587 .3 0 6 6 1  4 .6 1002 3

.

~~
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~.AR O V .  P A R T  OE INIT IOH.

NP 11 .31 12 .32 11 .3 .3 L’s MT NH 13 23 i~

1 1 4 2 1 • 2 3 3 3 — ,

~ 4 1 5 2 1. 5 2 4 2 I 0 —3
3 5 t 8 2 1 5 2 5 3 0 0 J —~~

— t  0 3 0 0 0 0 0 0 0 0 0 i — )

-~- ~L .  5 E . 3 1 J N . 3 C A T I O H .

2 - 3 OO~ O

‘.03 0

N x V 2 MT

-.9 .25003 0.J000u 7.00003 3
50 . 100.  0.30000 7.00003 3
51 .7730~. 0.30003 7 .LCuO, 3
52 1 . 0 3 0 0 0  0.3G00t~ 7.00003 3
03  1. 18 0 0 .  0 . 3 0 0 0 0  7 . C 0 0 0 0  2
5’. 1.44000 0.00006 7.00001 3
5~ 1 . 7 3 0 0 3  0 . 3 0 0 0 0  7 . 0 0 0 0 3  3
56 1.96001 G.3000o 7.0~iC03 3
37 .24692 .33911 7.00000 3
08 .,0372 .3797 8 7.0010.3 3
t~9 . 7 6 0 5 2  . 1204 5  7 . 0 0 0 0 0  3
60 1.01732 • 16113 7 .0 0 0 0 -j  3
61 1 . 1 654 7  .1845 9 7 . G 6 . ~0 3  2
62 1. !227 .2 2 5 2 7  7 . u 0 t , 0 0
~ 3 L . s 7 9 0 7  . 26 5 94  7 .0 0 00 1  3
64 1 . 9 3 5 8 7  .3 0 6 6 1  7.60000 3
1 4. 1 13 12 20 21 29 23 2
2 20 21 29 28 3i 37 45 4.. 2
3 3s 37 45 44 52 53 63. 33 2

~ 1 2 10 9 17 18 26 23 3
5 2 3 11 10 18 19 27 25 3
0 3 4. 12 11 19 2 3  28 2 7  3
7 5 6 1’. 13 21 22 30 2 9  3
8 5 7 15 1~. 22 23 31 30 3
9 7 - 8 16 11 23 2’. 32 31 3

10 17 18 26 25 33 3-. 42 •t S
ii 15 19 27 26 3’. 35 43 4.2 3
12 19 20 2 8 27 .35 3ó 44 43 - S
13 21 22 30 29 37 38 ‘.6 45 3
14 22 23 31 30 38 39 47  .5 3
15 23 2’. 32 31 39 46 48 ‘.7 3
16 33 3’. ‘+2 41 49 50 58 5 ? 3 - -
17 3’. 35 43 42 53 51. 53  5 3  3
18 35 36 4’. ‘.3 51 52 80 9 3
19 37 38 46 45  53 5.  62 at  3
26 36 39 47 46 54 55 63 o~ 3
23. 33 4-0 48 47 55 56 64 63 3

1 5 13 29 21. 1
2 21 29 45 31 1 -
3 37 45 61 53 1.

37
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CARD I. T I T L E .

FL 5h3 — SEAM .(IDER 1110

C A R D  ii. CONTR3L.

IMAX JM~~X NN~ b C  SCALE ML~~Y
8 2 1 6 1. 2

CARD III. P A R T  9OU ’~O A R Y  CU kV L .

x — COO~ D V - COORO NH NP ~ ~—A K1S B Y—UI S TIIO TAX T4~~TA~

0 . 0 3 0  0 . 0 0 0  0 0 0 . O C O 0 0  0 . 3 3 3  0 6.00000 C .33002
2 . 0 ) 3  3.100 1 0 0 . 0 0 3 0 , 3  0 . 0 3 ) 0 0  0 .0 0 0 6 0  3 . 3 0 0 0 3
0.003 b.000 a 0 o.ooooo o.oouoo 0.00000 2 . : 3 o o ~1.9P5  .313 2 0 0.00303 ...3-3 ..0 3.00000 ~~~~~~~

6 . 0 0 0  3 9 .25000 .25030 0 .00000 9.0000.
0 . 0 ) 0  C . .~~ 4 9 1 . 0 3 3 3 )  1 . 3 3 3 3 3  6.06000 9 .30003
0 . 0 3 0  0 . 0 0 0  5 9 1.le900 i.110’J0 0.00000 9.0000~
3 . 0 1 0  2 . 6 0 0  6 9 1 . 9 s 0 [ 3  1 . 3 5 0 3 0  b . 0 ~. 0 3 0  -3 3 3 0 6 .

C~~R0 IV. N0UE 300 2  S EQUEN C I .

IC C l  21 12 22

1 1. 1. 3 1
1 1 .3 3 2
1 . 3 4 2
2 5 3 5 2
3 s 1 6 1
3 5 2 8 2

38
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CAR3 V . PART QEFINITION.

NP LI Ji 12 22 Li L2 ~.3 L’. MT NH 13 23 I~

1 1 1 4 2 1 • 2 3 1 0 0 3 —
2 4 1 5 2 1 5 2 4- 2 U 0 ., — 3
3 5 1 6 2 1 5 2 5 3 0 3 2 — .

— 1  0 0 0 0 0 3 0 0 0 0 0 0 L.

CARD VI. SECTION ..OCAIION.

2 — 0 0 0 R D

7 . 0 3 0  
-

N X V 2 Ml

1 . 2 5 3 0 0  0 . 3 0 0 0 0  7 . 0 0 0 0 0  1
2 .51000 0.00000 7.00000 1
3 . 7 7 3 0 4  0 . 3 0 0 0 3  7 . 0 0 0 0 0  1
4 1.03000 0.30006 7.00000 1
5 1 . 18 0 0 0  0 . 2 0 0 0 6  7 . 0 06 0 0  2
6 1.44 000  0 . 0 0 0 0 0  7 . 0 0 0 0 0  3
7 1.70003 0.30600 7.00000 3
8 1. 9 6 0 0 3  0 . 3 C 0 0 0  7 . 6 6 0 0 3  3
9 . 24692 .3 3 9 1 1  7 . 0 0 6 0 0  1

10 . 5 0 3 7 2  . 3 7 9 7 8  7 . 0 0 0 0 0  1
11 .76052 .12045 7 . C 0 0 0 0  1
12 1 . 0 1 7 3 2  . 16 1 13  7 . 0 0 0 0 0  1
13 1 . 16 5 4 7  .18459 7.00603 2
14 1 . 4 2 2 2 7  . 2 2 5 2 7  7 . 6 0 0 0 0  3
15 1 . 3 79 0 7  . 2 659 4  7 . 0 0 0 0 3  3
16 1 .935 87 . 306 6 1  7 . 0 0 0 0 0  3

~~~~ 
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CARD V .  PART DE~~b NIT IOH.

NP L i  21 12 J2 11 L? .3 L’. IT NH 13 J3  I~

1 1 1. 4. 2 1 • 2 3 I 0 3 . —
2 I. ~ 5 2 1 5 2 4- 2 0 0 3
3 5 1 8 2 1 6 2 5 3 0 0 3 — 6

—1 0 2 0 6 0 6 0 0 0 0

CARD VI. SECT I3N LOCATION.

Z — GOO~ D

7 .53  0

P4 X V Z Ml

17 . 2 5 ) 0 6  0 . 3 0 0 0 4  7 . 5 0 1 0 3  1
18 . 5 1 0 0 0  0 . 0 0 0 0 0  7 . 5 0 0 0 3  1
19 .7 7 0 0 0  0 . 0 0 0 0 0  7.~~00 0 0  1
20 1 .0 3 0 0 0  0 . 3 0 0 0 0  7 . 5 0 0 0 0  1
21 1. 1800 0  6 . 3 0 0 0 6  7 . 5 G U 0 ~ 2
22 i.~. 4 0 0 0  0 . 3 0 0 0 0  7 . 5 0 0 0 3  3
23 1 . T 0 0 0 j  O , j 0 0 0 0  7 . 5 6 0 0 2  3
24 1 . 9 6 0 0 0  0 . 3 0 0 0 0  7 . 5 0 0 0 0  3
25 .24692 . 3 3 9 1 1  7.56003 1
26 . 5 0 3 7 2  .3 7 9 7 8  1.SC i300 1
27 .7 6 0 52  .I204~ 7. 5 0 0 0 0  1
28 1.01732 .16113 7.50000 1.
29 1.16547 .184 59 7 . 5 0 0 0 0  2
30 1.42227 •‘2527 7.50000 3
31 1.57907 .26594 7.50103 3
32 1.33587 .3 0661 7 . 5 0 0 0 4  3 -
1 1 2 10 9 ... 1.8 2 6  2 5  1
2 2 3 11 10 ii 19 27 25 1
3 3 4 12 11 19 20 26 2 7  1
4 4 5 13 12 2o 21 29 23 2
5 5 6 1~. 13 21 22 30 29 3
6 5 7 15 1’. 22 2 3 31 30 3
7 7 6 16 15 23 2’. 32 3t  3
1 5 13 25 21. 1

40
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Cg RO I. TITLE .

F L E S M 3  — B E A M  ~IDLR ( 1 6 1)

C~ RO II. CONTROL.

IH AX J MIK NNC Z O C SCALE N _
~. r8 2 3 6 1. 2

CARD ILL. PA3 T SO U NOA RY 3UkV ~~.

X — C0O~ O V — CC1~RQ NH HP A X— ~~~i S  B Y— ~~(IS TikT ,.I N~~1A

0.0)0 0.000 0 0 0 . 0 0 0 ) 3  U . 3 3 3 i 0  u .0,30 00 ~-0-)00~2 .0)3 L . G t j L  1 0 3 .0~~) - J .. )1 3 .Q 4 u 0 ~~ 3 2 3 C
0.03) 0.600 0 0 0 . 0 4 0 4 3  0 .3-3 000 u.00000 0 . G 0 i 3 0~
1.9, 5 .3 13  2 0 Q . 0 3 ) 3 ~ C . j ) 3 0 0  0 . 0 6 0 6 0  0 . 3 0 0 0 3

0.000 3 9 .250-3 0 .25000 0.00000 ~. D 3 0 0 D
0 . 0 ) 6  6 . 6 6 0  .. 9 1 3 3 0 0 0  1 . 3 3 3 3 0  .. 0 C O ~~ ~~~~~~...CC 5 9 1.L83~~3 1.13060 0.OC006 ~~. 3 O 30~0 . 0 ) 0  . 3 6 0  6 9 1.95333 1.3~ J03 3.63600 9.33361

CARD XV. NODE CODE SEQUE NCE ,

IC 11 21 12 J2

3 3 1 3 1
3 1 2 3 2
3 4 I. 2
3 , I 5 2
3 5 1 8 1
3 6 2 8 2

41
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CARD V.  PART DEF INIT ION.

NP CI 21 12 J2 LI .2 .3 t.l. IT NH 13 23 I~
1 1 1. 4 2 1 . 2 3 3 0 0 • — :
2 • 1 5 2 1 5 2 4 3 0 0 3 — 3
3 5 1. 8 2 1 3 2 5 3 0 0 • — .

— t  0 0 C 0 0 3 3 0 0 6 0 1 —

CARD VI. SECTION _ OCA TION .

2 — COOR O

7.50 0

N X V 2 MT -

1 .2500k 0.3000. 7 .50001 3
2 . 5 1 0 0 0  0 . 3 0 0 0 0  7 .5 0 0 0 0  3
3 .77000 0.30000 7.50600 3
4 1 . 03 0 0 0  0 . 3 0 0 0 0  7 .5000 3  3
5 1 .18000  6 . 3 0 0 0 0  7. 5 0 0 0 3  3
6 1.44003 E.3000u 7.50604
7 1 . 70 0 0 6  0 . 0 0 0 0 .  7 . 5 0 0 0 3  3
8 1 .3 6 0 0 0  0 . 3 0 0 0 0  7 . 5 0 0 0 0  3
3 . 24592 .33911  7.50003 3

10 . 50 3 7 2  .1 7 9 7 8 7 . E 0 6 0 _  3
11 . 76 0 5 2  .32045 7 .50000 3
12 1 .01732 .36113  7 . 5 0 0 0 3  3
13 1.1 .654 7 .184.59 7 .50003 3 -
14 1.42227 • 2 2 5 2 7  7 . 5 0 0 0 3  3
15 1.679 0’ .26594 7.5U60 ,~ 3
16 1.3 35 87 .3 0 6 6 1  7 . 5 0 0 0 0  3

42
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CARD ~~. PART O E F X N I T X 3 N .

NP 11 21 12 22 Li ..? .3 L’. IT NM 13 J3 I~

1 1 1 4 2 1. . 2 3 3 S 0 —:
2 4 3 5 2 1 5 2 • 3 3 0 —

3 5 1 8 2 1 3 2 5 3 U 0 - — :
—i 0 C 0 0 0 3 0 0 0 0 C i — 3

CARD ~I. S E C T I O N  L O C A T I O N .

Z — COORD

8 .20 0

N X V 2 Ml

17 .25000 0.30000 8. 2 0 0 0 0  3
1.8 .51003 Q . J C O O U  8.20000 3
19 .7700j 0.30061 8.10.103 3
26 1 . 0 3 0 0 0  0 . 3 0 0 0 0  8 .2 0 0 0 0  3
21 1 . 1 8 0 0 0  0 . 3 0 0 6 0  8. 2 0 00 3  3
22 1. 4 4 0 0 0  0 . 3 0 0 0 6  8 .2 0 0 0 6  3
23  t . ’ 00 0 0  0 . j 0 0 0 0  8. 2 0 0 0)  3
24 1 . 3 6 0 0 1  u.30000 8.2G uOu 3
25 .?4692 .339 11 8.20000 3
26 .50372 .1797 8 8.20000 3
27 .76052 .120..5 8.2000~. 3
28 (.01732 .16113 8.20000 3
29 1.16547 .38459 8.2 0 0 0 0  3
30 1.42227 • ? 2 5 2 7 8.20003 3
31 1 . 3 7 9 0 7  . 26 5 9 4 .  8. 2 0 0 0 0  3
32 1 . 33 5 8 7  .30661  8 . 2 0 0 0 3  3
1 1 2 10 9 17 18 26 2 3  3
2 2 .3 11 10 18 19 27 25 3
3 3 ‘ 12 ii  1.9 24 28 27 3
4. 4 5 13 12 20 21 29 28 3
5 3 6 14. 1.3 21 22 30 2 3 3
D 5 7 15 1’. 22 23 31 3 3
7 7 8 16 15 23 24. 32 31 3
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[ 3  8 2 1
I 1 40 ‘ 0 J

i .?~~G00 ~.rm op n • .~~i.ao a

‘ .~~10 0 0  ~.~ 4 0 f r r  O .0 P ~~O3 3
~ • ‘‘~ ‘f l0  ‘ . P 0 C t ’ ~ 0 . 0 0 4 0 4 0 0  ~
I. 1 .l3O0f~ ~

‘.T06A’0 fl~~40Q~’4040 a

~ i.i~ onn n .4010400 0.U00~~8

~ 1.~~4 roo “.0000~ C.004040 3 ‘
7 i. ’00040 0.004000 40 .040300 3

~ i.~~6too °.nOolr O .O400 0~ ‘
q . ? 4 .~ 92 .403Q1 1 0.0 f 1 I40~ 3

~ •~~r;~~ .~~‘q7 0.00000 ~
it  • 7~~~~~~~~~~ .12404~ 0.00800 1
1’ 1.0 1712 .16113 ‘).00000 ~
13 t.i’~~’7 .t 8I. C9 0.800040 2
14 1.le?’27 ~~~~~~ 0.0084040 ~
t~~ 1.~~7400’ .‘6~~’. 40.004000 1

~~ 1.40 3 c407 .3lfci A .0404000 I
j ?  . ‘~~080 0 . 0 4 0 4 0 ( ’ ‘.33000 3

t~ .51000 n .r’)t’c0 2.330M43 I
140 .‘?018 r.pn40 400 2.3340’0 ‘

20 1 .03000 “.01040! ‘.33~~00 I
21 1.1*000 ~.~~00II0 2 .3 3800 ‘
22 1.44000 5.005400 2.33400’) a
2~ 1. ’0006  0.0004040 2.330040 3
24 1 . 960 0 0  !‘.50000 2.330400 ~
2C .2’.€~92 .3301 1 .3340~~l I
2~ •rO372 .40? q’* 2.330’I”
2? .7 6 0 5 2  .120’~ 2 . 3 3 0 0 40  ‘
240 1.~~1~~3? .16113 7.3340403 ‘

74 0  I.1c-~ 47 .%40l.~~ 2.3~~~400 7
30 1.42227 .“~~27 2 .3 3 0 4 0 0  1
31 1. 6 7 4 0 0 ?  . 2 € ~~94 2 .33030 1
3 I.9 3~~5~ . 30 6 ) 1  2.3~ 000
33 .25000 ‘~.000(40 4.67000 ~
3’. .51000 0.000(0 4.670 80 3
3~ .7 00 0 ~.500~ ” ‘.67000 ~
3C 1.0~~~fl0  0.704000 4.67000 ~
3’ 1 .j ~~000 6.5040 00 4.67P 40~ ‘

3* 1 .440040 0.00000 4.67800 3
340 1 .513000 ~.0 Poer 4.6’ rno I

‘40 t . q p - 8 0 0  “ . 0 0 0 0 4 0  4 .67800 ‘

4-1 .24.6402 .034011 1..f7’0fl0 a

4-2 .57372 . 0 70 ’ 4 0  4 .67000 ~
4-3 .‘6flc2 .12045 4.67800 ~54-Is 1.31’3’ .i~~113 4.67000 ‘

‘45  1 .1Y ~~4-7 .1404!° 4.67000 2
‘4~ 1.0?’27 .2r21 4.61’l”O a
47 t.~.790’ •2F,~~~Is ‘4.6700’) ~
4 4 0  1.403- ’~ •306’1 4.67000 ‘
440 .2~~0..v 40 .040070 ‘.00ft040 I
540 .~~ j 4I~~Q 40. r~~40n fl ‘.f”000 ‘

51 .774000 0.00100 7~~ 4 0 t 40~ I

52 1.034081 7.0000 40 Y~ (J~~33~ a
c~ 1 .1 * 4000  0 .04000 40  7 . 0 40 0 400 2

~ 4 1.4L” ! ’ 0 (1.’0000 7.800’ ) ’ )  ~s~ i.’~~ c ’  o. ”ooo ” a .00108 a
56 1.96000 n .r ooo r -‘~3’),flQ a

~7 .24.~-°2 .403011 7.00000 ~
5~ •~~o37~ .l’9~ P 7.00080 1

59 . T 6 4 0 c 2  .120l.~ ‘.c r r eo  ‘
60 1.401132 .16113 7.0040~~0
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~.t  1~~16r4-~ .1~~4.,° ~AQ0i
~~~7 1.42’?? . 7 2 C 2 7  7 . 0 0 0 0 0  ~
6 1  1.57401 .2F.rc4. 7.00080 ‘
64. 1~~93 C 407 • I 4 0 CFj  7 • r 4 0~~f l f l  a

1 4. S 13 1’ 70 ~1 2 .  2~ ‘

‘ 2 0  21 79 ;• 36 57 4-~~ 4 - I .  ‘
I~~ 37 4.5 LI. 52 ~~ ‘ 61 640

‘4 1 2 tO 0 1’ 13 ?~ 
2F a

C 2 ‘ 11 1” 140 19 27 ~ f
~ 3 ‘4 I?  I t  1’~ 20 2~ 2 ’  I

5 6 1’ 13 21 2’ 30 ‘° I

40 6 ‘ 1~ 1. 22 23 1 3 f l  a
40 1. c ~~ 24 ~2 401 V

10 1’ 140 76 i~ 33 II. 4-?  ‘41 1
11 10 19 27 ~f 31. 36  ‘47 4 . 7  V -
12 19 240 2~ ~ 7 35 36 4’. 4.3 3
13 21 22 ‘f~ ~9 37 ~~ 

a
14 22 23 M 70 74 0  30 1.1 1sF. 

~40
15 23 24 ‘2 21 340 4-0 ‘4 *  4 .7  3
16 T 4 0  31. 4 . 2  t I  49 68  C l  C T  7

1’ 3t 35 4.3 £2 ~0 6 4 0  1

1’ 35 36 4’. ‘4 !  6 j  C? 6’)  3

1c~ 37 340 4.6 45 53 54 62 ~ 1 3
7”  340 39 4’ ‘.5 5~ 

rc 6’ 62 a
2 1 39 40 4~~ ~s7 ~5 66 6L 640 3

6 13 2° 21 1
7 21 29 4- C 37 ~
3 3’ ‘4c ~1 ~~~ I

‘4 3 1  4 _,]
1 . ?~~ C 0 ”  0.70000 7.0070 0 1
2 .51010 “.50030 7.00~ ”0 I
3 .71000 0.0000 40 7.00000 1
‘. 1.0~ 4000 0 .0 0 0 0 7  ‘.0 5 8 0 0  1
5 1.1.40000 0 . 7 0 0 0 4 0  7.000110 2
6 1.44.000 ~.“t’00r ‘.00000 

-!
7 1 . 5 ” ” O ”  0 . 0 0 0 0 ”  ‘. 0 0 4 0 4 0 0  ‘

s i .q s o o o  r . c o a o n  7 . 08 0 10  3
9 .“4692 .7~~4011 ‘.00800 ¶

10 .50372 .079140 7.004080 1
11 .75052 .1’0’.5 7 . f l 0 ” 400  I
12 1.01732 .16113 7.00000 1
13 1.1661s7 . 1*450  ‘. 0 0 0 0 0
(4 1.42227 .2 2 5 2 7  7 . 0 0 0 0 0  3
15 1.67907 .26 C t4. 7.C0000 ‘

16 j • q7r ’ )7 •3 0F. F 1 7.00000 3
17 .?C000 0.000” 7.5C”400 I

18 .51000 0.00000 7.~~0 0 0 0  I
19 .7 l 4000  * . 0 0 0 4 0 4 0  ‘.~~! Ct 0  I
20 1 . 03 0 0 0  0 . t 0 0 0 4 0  7.~~f l 0 1 4 0  1
21 1.1”000 0.Tr~ir 7.50000 2
22 1.”000 “.0000 40 7 .580400 ‘

2 3  1. 10000 “ . f l 0 0 0 0  7.50013 40 ~
24 I.°5710 0.7000 40 7.50050 3

25 .24-6402 .73°1 1 7.50000 1
26 .5 40372 .0707 40 7.50000 1
27 .7-6052 .1201.5 7.50~ 400 I
28 1.Oi’32 .I611~ 7.50000 1
29 t . iF . n I.7 .101.5° 7.60000 ‘

34 1.4-2227 .2252 7 7.56000 40

31 1.6700 7 .‘6~~91. 7. C40100 ~
32 1.9368? .306401 1.60000 3
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F-I T 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1 1 2 I~ ‘
~ I’ IS 26 7C

? 2 3 ¶1 ~C 1’ 19 “ . 76
1 3 1. 12 1 !~~ 

7 1’I 7* ~‘= j

4. C j~40 ~‘ 70 21 240 740
C 5 C, 14 .  ‘1 21 7? 3 ~~°
C ‘. 7 1r ‘4 22 23 31 3”
7 * j 7  C 7! 74. 17 ‘1
1 5 15 20 ~i - I

[ 3 ? 1 7 0 2 1
3 . 2 5 0 0 0  ~~• T * 7 C n ?.~~ 040U a
2 .51000 5.040017 7.540Q~ 40 ‘
3 .l’o0’3 40.540000 ‘.ceo oo ‘

4. 1.03000 0.0000 7 7.~ fl 0400 I
5 1.1~~0O0 0 . 0 9 4 0 4 0 ”  7 . 540840 0  ~
6 5.41.000 0.5000)’ ‘.613011 0 3
7 i. ’V ” 00  0.000040 ‘.50030 ~8 1 .96 000 0 . 7 4 0 0 0 0 7 . 5 0 0 4 0 0  40
9 .24692 .5409 11 ‘.c o eoo ~

10 .60 372 ~~~~~~~~~ 7.54071313 3
11 . ‘5762 .1201.5 7 . 5 0 5 4 0 0  ~
12 1.01732 .16 11 3 ‘.~~0 C 0 0  ‘

- -  ---~3 - 1.1654-7 .140’.~ 40 7.504000 3
14. 1. ’+222 7 .2 2 52 7  7 .50000 3
(5 1.6740? .26604 ‘.600 00  3
16 1 .93607 . T O S F 1  7~~rgv ) ’)5 3

17 . 7~~0 0 0  fl . 0 0 0 ) 0  8 .20000  40
18 .5 10400 0 . C 0 0 ( ”  40 .2 40060  ‘
(‘I .‘7000 “.Pfl400 7 40.20000 ‘
20 1.33000 0.5)1000 *.23000 ~
21 1.1*000 6.50000 40.203400 ‘

22 I. ’.~~O 0 0  0.00000 8.200130 ‘
23 i.’0000 5 .7000 0 40 .24013 00 ‘
24 1.96000 0.0000! 40.211100 I
25 .21s6402 .33911 40 .20000 ‘

26 . 6 0 3 7 2  .7797 8 40 .20800 40
27 . ‘€ 05 ? .19~ ’4~ 40.240080 ~28 1 . 0 1 ’ 12  .161 13 3 . 7 ” 0 0 0  3
29 1. 16 5 4 .7  . 1 4 0 4 6 0  40 .20300 ~30 1. 1 .777 7  .2 2 6 2 a  40 .!0fl”0 3

31 1.~~190’ .26691. 8 .2 ’ )O ’ G ‘

32 j~~9a5a7 .‘~~6~~1 40 .20C 400 1
1 1 2 10 0 17 tR ‘6 26 3

2 2 3 11 II’ iS t° 7’ ‘6

‘ 3 4. 1? 11 1° 20 23 7” ‘
4. 6 13 1, 70 21 ‘9 2

~ 5 6 1’. 13 21 27 36 2° 3
6 6 7 l~ 14. 22 ~3 11 an a
7 7 ~ 15 I~ 23 ‘4 ~2 ~10
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Output from FLSH3P

1 .254000 ~~. ‘ “ 007 “ .00500 T

2 .51”00 0.C” 000 0 .flQ~~117 I

3 .570~~7 - 0 .0 ” 9 f l ”  0.0400)10 T

4. 1. f l1f l 3~ 7 .0 0 0 0 !  0.00)’”! ~
r 1.1*000 0 .00007 I~~~ 4 0 A )I 1 I  ~

~ 5 . 4 . 4 -0 0 ”  11.07000 0.n00~~7
i~~~7 f l 7 C~~ )I .r r 5 t I l A .5ø000 7

~ 1.c)57~~0 0 . 0 0 0 0 1  “ .00” 00  ~
° .74-602 .(~~911 0.00000 1

15 .50372 .C’97~ 2 .f”40”7 1

11 .1605 7 .j ?Q1 . ) ’  “ . 0 4 0 1 0 0  3

12 1.01’37 .16113 r . r o o ’o ~
1’ 1.1654.7 .140454 ‘7.0I30”0 2
3L 1.4272’ ~~22 r2T  “ .00””0 ~
t e 1.~,?90~ • ~FS9’ 0.08500 ‘

~ ~~~~~~~ • 2”66i ‘.“'~~~O ‘

.25000 fl .C”OflC 2.~~3000 3

.5100” 0.0700’) !.3~~7 110  3
19 .77000 1 .0”O flO 2.33000 •
20 1.0-400CC 0.OP000 2.11””0 ~
2 1 1.140000 l .0r400 0 2 . 3 3 0 0 0  2
7 1.41+000 0.0”00fl 7.31110 3

23 1.’0000 40 .00000 2.33000 ~
7’. 1.960r0 0.t’”000 ‘.33000 ‘
76  .24.6°2 .) ‘~~9t1 2 . 3 3 0 0 0  ~
2€  .503’? • 5’qyS ‘.13t)~~fl 3
27 .76062 .12066 2~~~3 15 1) 1  a
240 i.017 2 .16113 ?.3~~00t  ‘
79 1.1654.7 • 404540 2.31000 ~‘

‘0 1. 42 2 ’ ’  • ~2527 2.13000 ‘

11 1.679~~7 .~~65~ 6 2.13000 3
32  1 . 97 6 67  • 75661 2.~~1~~30 ‘
33  . 2 5 0 0 5  0 . 100 00  6 . 6 7 0 7 4 0  ‘
ii. •~ t0()’ 0 . 0 ” 0 0 ~ 4 . 6’0 400 ‘
36 .7 ’0 07  ‘~.f l 0 f l 0 0  4- .E’ 030  3
75 1 .0 3 0 0 0  0 . 00 0 1”  ‘..F .?000  ~
37 1.140 00 0 0 .0 0 0 0 0  6 .6 770 ) ’  2
7 4 0  1.4.4040” *.r40507 ‘4.6’000 ‘

19 1.70000 8.00000 h.SY000 I
‘5 1. 4 0 6 7 ” ) ’  0.00000 h .67fl~~0 ‘
61 .21.602 .0,911 1..f 70040 ~
4.? . 50 3 ’?  .079’8 1. . 6.1~~fl •
63 .56062 .124046 6.67000 1

64 1.01732 .15113 6.67040! 3
45 1.1654.7 .1~~~5O 1..6’000 2
4.5 1.42227 .2252’ 1s .67” !3 0 ~
47 1. 6’407 7  .~~6594. 1s .6”'70 ‘
1.40 1.935~~’ • 74066 1 4.6’0’11 3
40  .2 50 05  0.10000 ‘.04000” 1
64 0  .~~1Q80 “ .0700! ‘.00077 1
61 . 11000 0.00000 7.600 ’ ) ’) 1
62  1 . 0 3 0 C 0  40 .0 0 0 0 0  7 . 0 ” f l f l  I
53 1. 10 0 0 0  0 . 0 0 8 0 0  7 . 0 0 0 0 0  2
51. 1. 4.4710 0 . 0 0 0 0 0  ‘.0” P~~0 ‘

65 1. 7 0 0 0 0  0 .0 0 0 0 0  7 . 0 0 4 0 0 0  ~
66  1. 060~~~ 1 .4040 0 0 *  ‘. 0 0 0 0 0  ‘

57 .24692 .73911 7.58)100 1
6 4 0  .60372 .C )1740 ‘.500 30 1
59 .76062 .12045 7.040000 1
60 1.01’32 • 16113 7.fl0~~fl40 I

47
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61 1. 1664.7 •~~~ R4 6 Q  7.00000 7
62 1. 1.~~2 ? 7  • ~‘5? 7 ‘ . 5 8 5 0 0  3
63 1.67937 • 6594 ~ .70000 ‘
66 1.935*7 .‘0661 ‘.040404013
66  .2~ 000 ‘.““0”0 7 • 6406 5 4 0  1

66 .610(40 40.5”070 7.S’4000 ~
67 .1700 0 40.OSQ’)U ‘.~~0000 ‘
6 *  1.03000 0.0”000 7.60000 ~
60  1.180)’)’ 0 .00000 ‘.50740 ”  ‘
7) ’  1.4.1+000 0.407000 7 .6800 0  ~
71 1.’00)’)’ ‘.7000! •.640700 3
‘7 I.°60~~C 0.040000 ‘ C0000 ~
‘l .74 .602  .40’911 7.680040 40
‘I. •50172 .“‘9’40 7 .61006 7

75 .7606? .1204 5 ‘.5A~~!0 3
77 1. 01712 .1611 * ‘.5 0 0 4 0 0  .

77 1.1651.7 . 1401. 50 ‘.58 0 408  2
‘8 1.42227 • ?~~2’ ‘.60000 a

‘9 1.6’9f’7 .565404 ‘.~~~4 000 ‘
400  1.93587 • 7”661 7.~ t’000 ‘

40 1 .25000 0. 15000 40 .281100 a
02 .51000 0 .00000 40 .2”40400 I
40 7  .77 4 0 0 4 0  4 0 .~~!0f l0  4 0 . 2 0 4 0 ” 0  I
404 1 .0 3 0 0 0  0 . 0 0 0 0 0  ‘ .2 0740 0  ‘

~~6 1 .18077  0.50000 *.240fl110 40
406 1 . 4 - 4 0 0 0  0 . 0 0 0 0 0  8 .20 0 00  V

~~~P 1. 70000 40 .30080 40 .’0806 ‘
4040  1 . 9 6 00 0  “ . C 3 0 4 0 t~ 40 .2~~’)~~0 3
o~ .24 . 602  .03911 ~~~~~~~~~ a
90 .503 72 .019740 40.20080 ~
91 .76062 .120’.! 40.231P0 ‘
92 1.01732 .16113 4 0 . 2 3 0 0 0  1
93 1.16547 • 140459 S.240000 3
94 1.4222’ .52527 3 . 2 0 0 4 0 0  a
95 1 .67901 .540591. 4 0 . 2 0 4 0~~0 ‘

95 ‘.9~~~P1 .5”66i ‘.20000 ‘

1 4 5 I~ 12 20 21 79 240 2
2 27 21 7 C  2’ 36 3 7  4. 5  4.. 7
3 36 *7 4~~ 44- 5~~ 5 -~ C.j  6 0  7
1. 40  6’) 5 )  6 *  76  55 ‘7  j
6 5Q ~1 ~ c 5’ 66 57 7! ‘4  1
~ cj  ~2 6’ 59 6’ 68 7! t
7 6~~ 53  6 - 1  540 640 69 ‘7 7 4 .  2

6 1 7 1’ 40 1? 10 ‘ 7

9 2 3 1 1  10 13 j f  ~7 2 6  7

10 3 4. 1~ 11 j O  23 23 27
Ii S S IL II 2! 2? 79 29 a
12 S ‘ i~ 11. 22 2 3  ~i 3”
13 ‘ 40 1’ 15 ‘3 2’. 32 . 1
14 17 140 2) 2~ 37 I I ~2 1.1. 3
f C  140 10 27 26 14 7 7  63  4.7 V

16 19 20 23 2’ 35  31 1.6 4.3
17 21 22 75 2° ~~7 340 4.5 6~~ I

140 22 23 1 ~~“ 340 3~~ ‘7 3
1° 23 21. 3~ 31 39 40 4.40 ‘7
21) 5? 31 ‘.~ 4j  1.40 5 5  64 0  67  40

34 36 4 ’~ 47 6* Ej  59 6 4 0  1

‘2 !~~ 35 4~~ 43 61 57  6 4 0  C C  7

~~ 37 31 4 - C  46 51 6 4  42 ~~l 40
24 340 30 L ‘.5 56  6*  7

25 89 1.13 1 .40  4-7 ~~~~~ 65  64 .  6 7
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26 ‘-~~ r’. 6~ 61 50 1 5  ‘ 40 77  7
‘7  5 4 -  CC 53 6~ ~‘40 ‘1 ~

•9 7’  3

7q 6 ! 56 64. 5* ~ 1 77 4 0 0  7 0  7

29 ~5 65. 7*, 73 401 - ‘2 ~0 409 •

37 ~~~ f V  76 ‘4. 82 40 3 •lj 01 7

• i 57 7 4 0  76 76 403 40 ’, °2 01

6 - 0  7 15 401, ~C 01 °2 1
73  5 9  77 740 77 406  40 05 3

34 a) ’  ‘7~~ ‘C 7’ 87, *7 is °~. 1

-5! lj  77 40” 79 40? ~~~~ 
06  

~

1 5 13 2° 21 1
2 21. 29 45 7’ 1 

—

—
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Input to FLAP 3

F L~~PJ — BEAM 11 * 059 
-

96 14 0 9.
7 2U. .~JUUiJDiJfl5 

— -

3 .UUU16~~6 3 . 50  1i~~3.0 625.0
1 0 3
o a u 

_ _ _ _ _  _ _ _ _ _ _

O 0 0
10.0 3.0

1.0 1.0 1.0 1.0
1 .2 5000 0 .30030 0.00300 3

~~~~~~~~ .51000 0.00003 3.00000 3
3 .77030 0 .00003 0.00303 _J~4 1.0 3003 0 .03300 0.00000 2 -.~~—-— Manuall y changed to iden t i f y

— - - 
. ~~~ t J . U O U O U  2 as an I n te r face  nodal point

6 1.44000 0 .00000 0.00003 3
I ~~~~~~ ~~~~~~~~~~~~ I - -

~ 1.96000 0.00030 0 .00000 3
9 .24 692  _ .U3911 0.00000 ~ — ——

13 .30 3 7 2  . 0 7 9 7 8  0.03000 3
- - f J~60~~ ___~_.12U~j  U,~~ QOLJ D 3 - - - - -

12 1.01732 .16113 0.00000 2 -
~~

-——

- 1.16~~~7 .184j9 ~~~~~~~~ 2
14 1.42227 .22527 0.33000 3

—~~~~~~~ 15 ~ .679t)7 .26594 U.0C’JFJ U 3 _______ — - _______ —_____

16 1.93587 .30661 0.00000 j
] - . 003 0 .00000 2.33U00 3   - -

18 .5100 3 0.00000 2 .33000 3
- _ 71?~~ü _ 0.U0000 2 .~j~ J O - 3 - - - - -

20 1.33 .OJU 3.00000 2.33000 2 ~~~~~
—

21 1.lb000 0.30030 2 .3300 0 2 
________

‘z l. L+ L.000 0 .00300 2 .33000 3
- 2) - - ~~~~~~~~ ~~~~~~~~~ 2.)~~UUU - - 3 — -- 

24 
- 

1.96030 0.30000 2 .33030 3
2~ .24 6 9 2 .U39.~~~~~~~~fl303 

- -

26 .50372 .07978 2.33003 3
21 __.76 0 j  .1204 5 2 .33000 3_ ___________

28 1.01732 .16113 2 .33003 2 ~~—29 - ~~ ) 5 ~~~L~~~ 
.184 59 2.33~0QL] 2 -~~~~~~ -~

1.42227 .22527 2 .33300 3
11 i.~~71U1 .2~ j9~~~~ LJjU0U  -

3 2 1 . 9 3 58 7  ~~~ 0661 2 .3 3 0 0 0  3
33 .25000 0.30000 4.67000 ~ .J_ _______________________

34 .51000 0.03000 4.67030 3
Ji ~~_ _ U_ _ ~.M~i1~ ~~~L -

36 1.030011 0.00000 4 .6700 0  2 ~~—

- f l Q l l~~_ . ~ iDI ~1 2  -- -

38 1.44003 0.00000 4.6701)0 3
39 1.70000 0.00030 4.67030 3 __________ ______________

40 1.96030 0.00030 4.67000 3
- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3 -

42 .50372 .07978 Le .670u0 3

-- - - ~~~ .J4Qj2 — .12 j  1PUU ~14* 1.01732 .16113 4 .673011 2 -a——--
45 1.16547 .18459 4 .67000 2 - _____

46 1.42227 . 2 2 5 2 7  4 .67030 3

~ 

~; ~~~~ 

~~~~

, 

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



~ ---~ - -- - - -

-— 

~~~~~ 7~7~~~~~~~7~~~7 .26594 4 670C30 3
L~0 j •~~35~~7 .j 366 1 4.670iJ0 3
49 .2~~UJU 0.00030 7.00003 2 ~~~

—

50 .51000 0.00000 7.00000 2 ~~
——

- - 

~ ]. .77 333 0.00000 7 .00030 2 ~~~~~~
—

5 2 1.33030 3.30000 7.000(10 2 — ~~~~~~
~3 1.18000 0.30000 7.00000 2 

1.44330 
~~~~~~~~~ -- - -

55 1.70000 3.00301) 7.00033 3
- — - 56 ~. 9 f t  ~~~~~~ 7~~~ L3UU . 3 - -  — -—

57 .2469 2 .03911 7.00330 2 -*-—-—

~8 .5037 2 .07978 — 7.110030 2 ~~~
— 

——
59 .7605 2 .12045 7.0001)0 2 ~~~

—

- - 7~~2_~~161l3 l~~~~)j~ i - 2 ~ - -
61 1.165 47 .18459 7.00030 2

7!OOc)UU - 3 - -
63 1.67907 .26594 7.0u000 3
SL. i~~~~5b 7  ...ju661__— 7.3300JJ __  _~~~~~~~~~~~~~ —
65 .25000 0.00030 7.53030 2

- - -  

.~~1JU~ 3.UUUUO 7.~~E)OJJ 2
67 .77033 0.00000 7.50300 2 ~~~~~~

—

68 - 1.03300 3 . 1) 3 0 0 3  ] . , 0 3 0 0  - 2
69 1.18000 U.Lj000u ).3jJ~~J 2
70 1.44030 3.00030 7.533 _ L _
71 1.73300 0.30000 7.50000 3 

- - - -

_ _ _ 1 2 ]~.9~6~[jLJ ~A - - - 3
73 .24692 .03911 7.5001)1] 2 -

~~
-—-—

L~ ~~~~~~~~~~~~~~~~ 1 34(J~~ - 2 ~~~
—

75 .76052 .12045 7 .5 00 00  2 ~~~~
—

76 1.017 3 2 .16113 7 .50030  2 - - -

77 1.16547 .18459 7 .5033 3  2
il~ - - ~~~~~~~~~ .~~~5Al L k~11~)~~. -

79 1.67907 .26594 7.50003 3
80 J.~~ I5~1_~~_J~~~~~~ 7. 50030 3
81 .25303 0.33003 8.20001) 3
82~~~~~~ 3~~~0U 0.00030 8.20333 3 -—_____ _____

83 .77000  3.03000 8.20030 3
_ _ __ . _ _ _

~~~
_
__

_
_ _~.

_
~Jp__11~_ .  11 ~~~11~ 0IJ 3 -

85 1.18000 0.00033 8.20000 3
- - - — ~~~ ~~~~~~~ 11I1~i~ .~~~~~ Q~1j]lJ - 3

87 1. 7001)0 3.00000 8.20000 3
88 1.96000 0.0001)0 8. 2300U ~89 .2 4 6 9 2  .33911 8.23 030 3

-- — 90 , 37~~~~~_. J 7 9 7 8  .~~~33UU 3 - -
91 . 76,J52 .12045 8.20000 3

- -— - 92 1.31w ~~~~~~~~~~~~~~~~~ 3 - -

93 1 .16547 .18459 8.2D1J .~0 3
94 1 .422 2 7 .22527 8.20000 j - _______

95 1.67907 .26594 8.2030(3 3
9 6 1 ~~~~~~ 7 .3U661 ~~~~~~~~ 3 - - - - - — _ - _
1 1+ 5 13 12 20 21 29 28 2
2 29 28 - 36 fl 45 L 4  2

~~~ j  36 37 1+5 44 52 53 61 63 2
4 49 50 58 57~~~~L 66 fl - 73 2 -.*—Manually changed
5 50 51 59 38 66 67 75 74 2 ~~~~~to identify as an

interface  brick

51
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-.—-,
~

-- .

6 ~~~T $2 ~~TF 59 67 6 ~~~~~~~ T~~~~~ 2 -— -

7 ~,2 53 61 60 68 69 77 76 2
1 s 13 29 21 1 -

2 21 29 45 3 7  1
3 3 7  4~, 61 53 1
1 53 61 77 69 1
5 6~ 66 71~ 73 1 

—— -

6 66 67 75 / 4  1 -

7 67 66 76 75 1

— -  - 8 6c 69 77 76 1.
9 4 12 2o 20 2

13 20 2 8  44 36 2 Manuall y added to generated Interface
11 ~~~~~~~~~~ ~ T ~~ surface s

2 49 50 ~ 8 ~7 2 -
13 5 3 51 ,9 58 2
14 ~1 >2 63 59 - -

_ _  _ _ _ _—_ _  -- - -- - -  - -

52
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rr 
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~~~~~~~~~~~ 
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~~~~~~~~~~~~
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~~~~ 

-. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

~~~

----.- _—_______-‘-..— --..~~~~__--—--—

i jJ C c-i
.~ 0 0

1 -
~~~~ tS- nfl - ,

in ., i--i .-. _n
. 1  •0  0 .-4

i . , s i-_ c_a ... n s a
• - 

~~~~~ .4/ i A
1’ - • ,.4 • ” )  I ,  

j
I I II I I  II II II SI II II II Ii II II 11 11 ,1 Ii II II II

I 

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~

o ..) a J Z i~~ -4 7 ... . . I ZZ  .. I ZZ ..g. at .i-~~~.4 i.) C . )  ~~~~..4 ). i~~~ Ui X ) C . i~~~~~~..) ~~~~~~~~~~~~~
• ~~~~~~~~~~ • 0 a.. c-~ ~~~ Z P.J Z~~~~ L Z L  ~~~~~~~~~~~~~

I ~ U~ ‘1 4/5 m ~ ..i s—i ~2 si -~~ ~ £ .L a.
Y U ~~ I)  .4 4 CD 4/)  a CD 15 (14 f - i  c-C .1 ~~ . ~~ r

0 Ui ~‘ ._I 4-4 c-S — 7 -4 .4  7 — r I I I I I
~iJ ~~ 0 _j c-. ~~ I. .~j  ~a -.) .j

0~ 7 ~ i . 4  .X •i ~~~~Q i~~ 0 .D ‘-4 ~~ 415 0 Ci 4-1
~ 0 w i-I 41) E ‘~ I U, ~~ Ui Il) — 0 1 r 7 c’~i “J Z ~~
.4 UJ 0 415 4. -J ii) 0. 415 .4 0 4 CD Lu ii, 0 .. c- 0

‘~~ 7 • .  ,. I. ~~ ‘n —. s . in ‘V — ~ a. r c. — r ,- .-
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13 2 .16228
20 — .29932
21 - — .29315
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1.” — 2 . 0 8 1 5 2
1.5 —2 .0 7~ S2
4.9 1.07(C 3

1.0 56 2 8
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53 .0 7 10 1
0! 1 .0 7 5 7 7  359 1.05328
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ZERO HA4NO 4IC ~OUL 2

Aa..P,IPC 1 16.59
ALPH~ C 8.~~76t _ PH~ 1 —2 ~ 6. ’8
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ALPHA ~ —1 s2.~~3
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~ESNtNJ 1 ~

SIODE NU’i0E~ ACOUST IC FP ’.SSJ~ E

4. —7.00367
—6. 99784.

12 —6.9 9 9 22
13 — 7 . 4 3 0 3 6 6
2 6.1(1.73
21 6.15188
28 6.15318
29 6.16216
3 —3.8711.0
37 —3 .854. 33
1... — 3 . 8 ~ € 01

—3 .87 1’ .3
‘.9 1 25332
5 1.17(87
51 .966 11
5. .66(13
03 . 63 3 7 1
57 1.2 524. 3

1.18(34.
59 .994.12
6. • 86326
61 .65296
65 1.~ 365T0
6c 1.3s. 1.1.1
67 1.1.6803
63 1.02218
69 1 .00812
73 1 . 3 676 4 .

1.30 .166
70 1.1.~~788
16 1.01766
7 7 1 . 3 0 - 6 0 0
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.a E6P’i ~~H T 1. I

90-36 N U M B E~ 
A C O U S T iC P~~ES..J<I

-.
S —o.99 76 ’ .

12 —6 .99922
13 — , . U ’ .366

6. 1617
6.15188

28 5.1.5318
29 6.1621 8

36 —3 .87 1.1 .8
37

— 3 . 0 : 6 : 1
— 3. 8 71 4 . 3

4.3  1.2 0332
5 1.17(87

5 1  .9~~C1t

52 .56613
2 3  . 63 3 7 1
57 1,252 1.3

1 . 1 .8 ( 0 ’.

59 .934.12
6u - 

. b6 3 26

61 .6c295
1.36573

66 1.3[i’+1
67 1..1t 633
68 1.02218

69 1.03812

73 1. 36 7 61 .
7,. 1.301o8
75 j.1o788

7c 1.0176 6
77 1 306- 0 6

ZE RO HA- ~MO’1IC $011 3

ALPHPC 15.35
AL P1-~IC 31.. 1
A LP H FT — 2 32.31.
AL PHSO 0 .10
A LPHA —2 ..2.3’.
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Appendix C. EXAMPLE ANALYSIS OF A TYPICAL FOUR—SLOT
FINOCYL MOTOR CONFIGURATION

A t y p ic :~i f o u r — s l o t  fiaw&:y rocke t  is sIio~~ in 1-igure C. 1~c- -ause
the r.~v i t y — p r o p e l 1 a n t  geomet ry  undergoes  r a t h e r  a b r u p t  changes I ron
end to end , the  f i n i t e  element  i n p u t  da ta  to FLAP 3 w &-ae g &- r ie r at- d
u sing  bo th  FLES H 3 and FLSH3P . The pages fo l lowing  Figure C cont ,..i n
the reduced computer  ou tpu t  sheets f o r  the f inocyl a n a ly s i s .
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Input  to FLESH3

F LES H 3  - F L N O C Y L  (II
5 3 13 ‘ 1. 3

0 . )  C . i 0 4. 3 . 6  D . 0  3.0
3.0 0.1 1 0 4 3 . 0  3 . 0  0 . 0  0.0
0.) 0.1 C C 0.C .. , . . t
3 .)  3.1 2 4 3 . 6  ..: l . a
0 . )  0 . )  3 ~i C  0.1 .~.L J . 3
9.3 0.) 4. 96 0.939 3 .330 3 .3 90.1
0 . 0  0 . )  5 ~C 1.1 .89 1 .1 .03  (1.. 9ii . i
I.) 0.~ 7 9u 2.11.? 2.1,7 1.0 9 L .C

6 . .  8 3. 2.3i. 7 2 . 3 , 7  3 . 3  93 ...
0 .1  C.) 9 9. 2.’.33 2.~~33 3.3 90 .0
0.) ‘0.) 6 0 3 .6 0 . 3  0 . 0  0..

1.17296 0 .19 ;  11 0 0.1- 3 . 0 -  - 0 . 0  C . C
0.0 6.191 6 0 0.6 ... ..:
3 .3  0 .19 43  12 C 0.0 0,5 0.6 0.u

1 1. 1 1 3
3. 2 2 0 3
1 2 1 5 1
2 3 2 S 3
2 • 1 . 2
3 4 3 ) 3
3 , 1 ; 2
1 1 1 2 2 1. 4 11 3 1
2 1 2 2 3 11 4. 2 3 1
3 2 1. 3 2 1 5 1.1 ‘

* I
1. 2 2 3 3 11 5 2 • 2
5 3 1 • 2 1 7 12 5 2
6 3 2 . 3 12 7 2 5 3
7 s 1 1 2 1 8 1.2 7 3
8 s 2 1 3 i~ 8 2 7 3

— 1

1 1. 1 7 2 1 4 11 3 1
2 1 2 0 3 11. i. 2 3 1
3 2 1. 3 2 1 5 11 1.

2 2 3 3 1). 5 2 1. 2
5 3 1 • 2 1 7 1.2 5 ?
6 3 2 . 3 12 7 2 5 3
7 • 1. , 2 1 9 12 7 3
8 

-
* 2 3 12 ~ 2 7 3

—i
8.13

1 1 1 2 2 1 1 11 3 1
2 1 2 5 3 11 4. 2 3 1.
3 2 1 3 2 1 5 Ii I~
.. ? 2 3 3 11 5 2 1. 2
5 3 1 • 2 1 7 12 5 5
8 3 2 . 3 12 7 2 5 3
7 —. 1. , 2 1 9 12 7 3
8 ‘. 2 ; 3 12 9 2 7 3

1.6 .243
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F~~sS1 3 — F INU C SL 416 )
5 3 10 43 1 .o  2

3.) 0.) 0 U 0.0 0- .~ J .3 6.6
3 .0  0 .)  1 0- 3 .  C : . 0 0 . 0
9. ,, 6 .1 0- 0 . 6  .~~

3.~ 3 .)  2 4. 0 . 4 .  ...~. ~.Q
0 .a 3 -~C 0.1 . L  6 . 0  90.0 .

0.0 0.0 ‘ ~~~~~~ 0 .  ~~~ 3 . 3
0 .~ L . i  S 9~~ 1.189 1 .1.03 2 .6 943 .0
. ; 0. 1 7 94 . 2.14 7 2 . o . ?  ...] 9,..u

3 .)  0 .)  9 96 2.’ .33 ? . . 3 3  3 . 0  96.0
0. 0 0.) 3.0 96 2.4.t.7 2.-.. 0.3 90.0
3.0 6.) C 0 3d. - .i 5 0

1 1 7 2 S ~ 0 -  195 1.1 C 3.0- . . . .. -

3. 195 0 C 0 .6  0 . 0  C- .)
3..1 3 .19, ~.2 C 0.6 ... 0 .u

1. 1. 1 1 3
1. 2 1 0 3
2 3 1 .  S 3
3 4 1 • 3
3 43 1 , 3
1 1 1 2 2 1 ~ 11 3 1
2 1 2 2 3 11 4 2 3 1
3 2 1 3 2 1 5 11 -. 2

5 2 3 3 11 5 2 1. 2
5 3 1 . 2 1 7 12 5 3
6 3 2 • 3 1.2 7 2 5 3
7 • 1 $ 2 1 9 12 7 3
8 • 2 , 3 12 9 2 7 3

— 1
16.26

1 1. 1 5 2 1 ~ 11 3 1
2 1 2 5 3 ii 4. 2 3 6
3 5 1 3 2 1 5 1.1 1.
1. 2 2 3 3 11 5 2 4 2
5 3 1 + 2 1 7 12 5 3
o 3 , 2 • 3 12 7 2 5 3
7 • 1 5 2 1 i.43 12 7 3
8 • 2 43 3 12 10 2 7 3

— 1
13 .96
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F d.S.-13 — F IN O CY L (III)
5 3 10 s 1.4. 9

6 .)  0 0- 0 .0  ..2  -‘ .3  u.0
3.)  6.1 1 4. 0 .0  ~~~~ 3 . )  0 .6
0 . 3  0 . )  0 C 0 . 0  a . 0  6 . 3  u . O
3. 1 3.) 2 0- 0.0 4 4 . 4 )  4 . 6

1.) 0.~ 3 90 0.1 0 .1 0.6 96.6
0 . )  6 . )  1. 96 0 .939  3 . 9 3 9  0 . 3  96 . 0
0 . )  0 . )  5 96 1.189 6 .139 0 . 0  90 .0
0 . 3  u . 3  7 90 2 .14 .7  2 .1.7  3 . 4 3  90 .0
0 . )  6 .)  8 9~ 2.3’ . ? 2 . 3 .7  .0 9 0 . 0 -
0 .3  4 3 . ,  1.10 96 2 .4.47 2 . .~ 3 . 6  9w .0
0 . )  4 3 . 3  0 0- 0 .6  3 . 6

1.t 72 B- ~ 0 .19 11 0 0 .0  C . o  3 . 0  4 3 . 0
0. 43 0 . 1 9 5  0 C 0.6 6 . 6  S . C  C .0

0 . 1 9$ 14 6 3.0 ~.u 6 .0
1. 1 . 1  6 3
2 ‘ 1 0 3
3 3 1 5 3
3 • 1 • 3 -

3 , 3. 43 3
1 1. 1 5 2 1 4 11 3 2
2 1. 2 0 3 11 .. 2 3 2
3 2 1 3 2 1 5 11 4. 3.. 2 2 5 3 11 5 2 I. 3
5 3 1. • 2 1 7 12 5 3
6 3 2 • 3 12 7 2 5 3
7 .. 1 , 2 1 10 12 7 3
O • 2 5 3 12 10 2 7 3

— 1
19 .36

1 6 1 5 2 1 4. 11 3 5
2 1 2 5 3 11 - 4 2 3 2
3 5 1 5 2 1 5 11 ‘. 3
‘4 5 2 3 3 11. 5 2 ~ 3
5 3 1 • 2 3. 7 12 5 3
o 3 2 + 3 12 7 2 5 3
7 1 5 2 1 10 12 7 3
6 • 2 ‘ 3 12 10 2 7 3 —

31.03s
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1 I 1 0 2 1 4 11 3 2
2 1 2 ‘ 3 11 4. 2 3 2
3 ~ 1 • 5 2 1 5 11 1. 3
-, 5 2 3 3 11 5 2 • 3

S - 1 • 2 1 7 12 5 5
o 3 2 $ 3 12 7 2 5 3
7 4 1. 5 2 1 10 12 7 5
3 • 2 , 3 1.2 10 2 7 3
1.
-.2. 3 3 5
1 1. 1. 5 2 1 4. 11 3 2
2 1 2 5 3 11 2 3 2
3 2 1 S 2 3. 5 11 4. 3

2 2 S 3 11 5 2 4. -3
~ 3 1 • 2 1 7 12 5 3
b 3 2 + 3 12 7 2 5 3
7 + 1. 43 2 1 10 1.2 7 3
8 + 2 43 3 12 10 2 7 3

—1
53.~~~5
1 1. 1 5 2 1 4+ 11. 3 2
2 0- 2 5 3 ii 4. 2 3 2
3 2 1 S 2 1. 5 11 4. 3

2 2 3 3 Ii 5 2 1 3
5 3 1 . 2 3. 7 12 5 3
.~ 3 2 • 3 1.2 7 2 5 3
7 • 1 5 2 i 8 12 7 3
0 .. 2 5 3 1.2 8 2 -  7 3

—1
5 4 . 8 35
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Output from FLESH3

CA R D 0. 4 T I T L I .

FL ES I-4 3 — F INOCY L (I)

CARD 11. COMI ROL.

I$O X JN A X NRC (OC SCALE MI A T
5 3 10 7 1. 3

CARD 111. PA R t O QU ’ 400 RY CURVE.

x • 0 0 0 A D  Y - C(i cThO RN NP A (— * ( L S  S Y - A x t S  T H O T A I  THETA ~

3 . 6 3 3  C.~~00 0 0 0 . 0 0 3 0 8  0 .0 060 0  0 . 0 0 0 0 0  0 . 0 00 0 )
3 . 0 3 0  0 . 0 0 0  1. 0 0.00030 6.00000 0.00000 0. 0000 43
43.000 0.434,0 0 0 0 , 0 0 0 3 4 3  0 . 0 3 0 00  0 . 0 5 0 0 0  0 . 00 0 0 3
1.3)3  3 . O O C  2 0 0 . 06 ) .)  6 . 0 3 6 0 0  0 . 0 0 0 0 0  0 . 6 0 0 0 0
4 3 . 0 3 0  0 .600 3 90 . 10 03 0  .10000 0 .0 00 6 0 90.0000)
0 . 0 0 4 3  0 . 3 6 0  4. 50 .93900 .93930 0.00000 90.00003
-3 .0)0 0.000 5 90 t ,18 01 1.1890 0 0.05008 90.00008
0 . 0 ) 0  4 . . 3 4 4 0  7 90 2 . 14 . 7 1 0  2.14. 730 0 . 0 0 0 0 0  9 0 . 0 0 0 3 )
1 .033  ü .CCiO 8 50 2.34+730 2.34.700 0.00060 90.6-3033
0 . 0 3 0  C.~~U0 9 90 2 . 4 . 3 3 0 0  2. 4.3 3 0 0  0 . 0 6 0 0 0  90. 0 0 0 0 3
0 .0 - 1 0 i i .000 43 43 0 .0 0 031 0 u . 3 3 6 0 0  0. 00000 0 . 0 0 00 8
1. 17 3  •195 ii 0 0 . 0 0 3 6 3  6 . 0 3 0 0 0  C . 0 6 6 0 0  6 . 0 0 0 0 3
0 . 0 3 4 4  .195 63 0 0 . 6 6 3 0 3 0  0 .000 0 0  0 . 0 0 0 0 0  0 .00 0 0)
3 . 0 3 0  .195 12 0 0 . 8 3 3 1 0 1  0 . 3 3 0 0 0  0 . 0 0 0 0 0  0 . 0 0 0 0 3

CARD t~~. $000 CODE SEQUENCE. -

I C  L I  31 12 .52

1 1 3. 1 3
1 2 2 2 3
1 2 1 3 1.
2 3 2 3 3
2 4+ 1 I. 2
3 4. 3 5 3
3 5 31. 5 2
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CAR ) ~. P A R T  0E?LN 1100M .

lIP 11 J I 12 32 Li 4.? .3 4..’. MT MM 13 U3 1~

4 3. i 1 2 2 1 • 11 3 1 — O — O — 3 —I
2 1 2 2 3 11 . 2 3 1 —0 —a —U ~ i
3 2 1 .3 2 1 5 11 4. 1 —0 —6 —0 — 31

~ 2 2 33 3 11 5 2 4. 2 —0 —e —0 0
5 3 1. 4+ 2 1 7 12 5 2 —0 — o —o — G

~ 3 2 4 3 12 7 2 5 3 —0 —o —J — 3
7 4. ~ 5 2 1 3 12 7 3 —0 —0 —0 —0
8 1 2 5 3 12 5 2 7 3 —0 —0 — )  -o

-1  -0 —6 — 0 —0 —0 —3 — 0  — 0 —0 —0 —0 — o — a

CARD I t .  SE C I  ION ~3~~AT ION.

2 • CO0~~0

0 . 0 3 4 0

V 2 Ml

I •1030e 0.00306 U.00~~0 0  I
2 .9 3 9 0 6  6 . 3 0 0 0 0  0.~~C U 0 3  1.
3 1. 18903  0 . 0 0 0 0 6  0 . 0 0 6 0 0  1
4. 0.14+700 6.30306 6.00003 2
5 2 . 3 4 + 7 0 0  6 . 0 0 6 0 b  O . U O u O O  3
S .3986 ’ . .3 1 . 6 4 6  0 . 6 0 3 0 0  1.
7 . 9 26 2 5  . 1 54 . 6 6  6 . 6 0 0 3 3  1.
8 t . 1 7 2 8 o  • L 9 ~~0C 6 . 0 0 0 3 3  2
9 0 . 13 6 0 7  . 1 35 0 6  0 . 6 0 0 0 0  2

10 2 . 3 3 8 82  • 195 U0 6 . 6 0 4 3 0 0  3
11 .07071 .3743 71 0.00300 1
12 .6 53 9 7  .5 639 7  6 . 6 0 6 0 0  1
13 . 8 4 + 3 7 5  . 3 4 .075 0 . 0 0 3 0 0  2
1’. 1.51816 1.5181b 6.0030u 3
15 [ .6 5 9 5 8  1.~~59 58  0 . 0 0 0 0 0  3

/
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CAR J ~~. PA~~1 DEFI N IT I43N.

~1P ii .32. 12 32 Li 4.? .3 L’. P47 Ms 13 J3 I~

1 1 1. 2 2 1 • II 3 1 — 10 — 0 — o
2 3. 2 2 3 11 2 3 1 — 0 —0 — 43
3 2 1 3 2 1 5 ii 4. 1 —0 0 —S -3
4. 2 2 3 3 11 , 2 I, 2 —0 —0 5
5 3 1. 4 2 1. 7 12 5 2 —0 —I — 3 -3
b 3 2 4. 3 12 7 2 5 3 — 0 — O —ft 3
7 4. 1 5 2 1 U 12 7 3 — o  —o —~
8 4. 2 5 3 12 0 2 7 3 —0 —0 — 0 — O

— 1 - .3 — u —0 — 0 —0 —) —3 —0 — 0 — 0 — 0 —0 —3

l ARD Vt . SEC II )N ..3CATION.

2 3UO~ 13 —

0 .133

‘I ( V 2 Ml

to •10003 6 .3000u 8 .13300 I
17 .93300 0 .33 006 8 .134330 1
18 1.13-300 0.30006 8.13uj0 0.
19 ?.t~ 700 0.0000 6 8 .13000 2
20 ?..3300 0 .30006 8 .130043 3
21 .3956’. .)ib ..C 8.13C00 I.
22 .92825 .154.00 8.134300 1
23 1.17280 .2. 506 8.13000 2
2. 0.13807 .195 4343 8.1 33 0310 2
25 2..2508 .19506 8 .13633 3
26 .07071 .07071 8.133000 1
27 .s639? .86397 8.13000 1
28 .34075 .34.078 8 .13 03143 2
29 1.31816 1.31818 8 .13600 3
3i) 1 .72039 1.72)39 8.13030 3

p 74
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CAR ) I. PA~~T DE FIN IT ION .

61. 31 12 32 4.1. 4.? 1-3 1.4. MT MM 13 .03 [1

3. 1 1 2 2 1 • 11 3 1. — o  —o —] —~
2 1. 2 2 3 11 . 2 3 1 —0 — 0 — J  — O
3 2 1 3 2 1 5 11 4. 1 —0 —o — o -3
‘. 2 2 3 3 11 5 2 .. 2 —0 —e —0 — 0
5 3 1 4 2 1 ‘ 1.2 5 2 —o —c —o — i
8 3 2 4 33 12 7 2 5 3 — O —0 —0 — 0 

-
7 4. 1 5 2 1. 0 12 7 3 —0 —0 — 0 -3
0 4. 2 5 3 12 3 2 7 3 — o  —0 —~ —3

-3. -0 — U —0 — 0  — O — 3 — 3  —0 —0 —0 —O —~ — 0

3 A~~0 VI. SC -Ct ION LOCAT ION .

Z . ;OORD

L o .2 6 )

4 4 V I MT

31 . t O O t L  0 . 3 0 0 0 6  16 . 2 6 6 3 04 3  t
32 .9 3 9 0 0  0 . O O J u Q  16 .26000  1
33 1.3.8900 0 .30000 1E .26000 1
3.. ? .1 ’ . 700  0 . 3 0 ,~~i. 16 .2 660 3  2
35 ? . - . 3 3 0 4 3  0 . 3 0 6 G m  16.2800. -~
36 .0 9 8 64  .0 164 .6  10 .26 6310 1
37 •92b 2~’ . 6 5 ’ . 6 0  1 6 .2 6 0 4 3 0  1
38 1 . 1 .7 2 8 6  . 1 9 5 0 6  15 . 2 6 0 0 0  2
39 2 . 1 3 8 0 7  . 1 0 3 6 4 3  16 .2600ta 2
4 +0 2 . 4 . 2 5 0 3  . 2 . 9 5 6 4 3  1 4 3 . 2 6 4 3 0 4 3  3
‘4 1 .0707 1  .3 73 7 1  16.26u00 3.
4.2 .ó 63 97  . ó6 3 9 7  10 . 2 6 0 0 0  1
‘.3 . 3 4 + 0 7 5  . 34+u7~ 10.26000 2
4.. [ .5 1 8 1 2  1.31.8 10 16 .26003  3
4 + 5 1 . 7 2 0 39 1.7 2 4 3 3 9  15 . 2 6 4 3 3 0  3

3. 1 2 7 5 It, 17 22 21 1
2 2 3 8 7 17 18 23 22 1.
3 3 4. 9 8 18 19 2.. 23 5
4. 6 7 1.2 11 23. 2 2  27 !. 1.
5 7 8 13 12 22 2 3  28 27 2
8 [6 17 22 21 31 32 37 35 1
7 17 iO 23 22 3 2 33  38 3? 1
8 18 19 21. 23 333 3’ . 39 33 2
3 Si 22 27 26 36 37 45 4.1 2.

10 22 23 28 27 37 3 8  ‘.3 4 2  2
11 4+ 5 10 9 19 20 25 54 3
12 8 9 1~. 13 23 24 + 29 25 3
13 9 13 15 14 2’ . 25  30 29 3
1’. 4 . 0  26 25 24 . 3 ’. 3~ 40 33 3
15 23 2.. 29 28 38 39 4+.. 4.3 3
16 2’. 23 30 29 3 3  .3 45 4. 3
1 9 8 23 2’. 1.
2 8 13 28 23 1
3 5 4 ~ 23 33 39 . .

4+ 23 28 ‘.3 33 1
5 ‘. 9 2’. 19 1
6 [9 2’. 39 3’. 1

75

LI ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~~ - _ ~~~~~-“ 
_~~~~~~~_~I4~~~ ~-~-5-5



- — 
~~~~~~~~~~~~~~ 

- 
~ _=~

-5-5
~ - C ~~~~~~~~~~~~~~~~~~~~~ ‘- - -  fl . rCfl _.2__ _. -

C A R D  I. TITL E .

FL E SH 3 — FINOCYL III)

CAR D IL. CON IR4O L.

IMA X J M A X  NR C 18C ~C*LE NLAf
5 3 11. 5 1. 2

CARD III. PAR T 3OU P404 RV CU RVE.

x - COO~~O V — 000RO ‘ON NP I ~— A * I 5  B Y - IX IS  TH ETAI TII ET I

0.030 0.000 0 0 0.00003 0.08008 0.00000 8.00003
3.030 0.600 1 0 0 . 0 6 0 0 0  6.60000 0.00000 0.00003
0. ’).) 0 .0 6 0  0 0 0 . 0 0 0 3 0  4 3 . 0 3 0 0 0  0 .0 0 00 8  0 .00030
3 . 0 3 0  3 . 06 0  2 0 0 . 0 3 0 3 0  0 . 0 0 0 0 0  0 . 0 0 0 0 0  0 . 0 0 0 0 )
0 .030 6.360 3 90 .10000 .10000 0.00000 90.00003
3 . 0 3 0  0 . 0 6 0  4 90 .9 3 3 6 0  .9 3 9 0 0  0 . 0 0 0 0 0  90 . 0 0 0 1 3
0 .013 0.066 5 90 1.1.0960 1.13908 0.00080 90 .00003

0 . 0 6 0  7 90 2 . 1 4 7 3 0  2 . 2 . 4 . 7 0 0  0 . 0 0 0 0 0  9 0 . 0 0 0 0 3
3 .033 u.uCO 9 90 2 .4+33 0 0 2.’.3300 0.00000 90.00003
0.030 0.CC0 10 90 2 . 4 4 . 7 0 0  2..-.700 0.00000 90.00003
0 . 0 3 3  4 3 . 0 0 0  0 0 0 . 0 0 0 3 0  0 . 0 3 0 0 0  0 .00000  0 . 0 0 0 0 0
1.113 .195 ii. 0 0 . 0 0 0 3 3  3 . 0 ) 0 0 0  0 . 0 0 0 0 0  0 . 0 0 0 0 0
0 .033 .195 0 0 0.000 643 0.00000 0.00000 8.00900
3.0)) .195 1.2 0 0.00030 0.03000 0.00000 0.03030

CARD II. ‘oOO( CODE SEQU E NCE .

I C  [1 31 12 .52 
4

1 1 1 1 3 -

1 2 1. 2 3
2 3 1 -3 3
3 4 1. I. 3
3 5 1. 5 3
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CAR ) I. p~~ T CE~~L NITI ON.

4P 61 31 12 32 L i  L ?  _ 3 U. M T NM 13 J3 I- ~

1. 1 1 2 2 1. • 11 3 1 —Q —0 — 40 —D
2 1 2 2 3 11 • 2 3 1. —O — 0 —d -3
3 2 1 3 2 1. 5 11. 4. 2 — 0  —0 — 0 — 3
‘. 2 2 3 3 ii s 2 I. 2 —0 —0 —3 - 3
6 .3 1 ‘. 2 1. 7 12 5 3 —O — 0 —0 — 3
6 3 2 ‘. 3 1.2 7 2 5 3 —e —$ —6 -3
7 4. 1 5 2 1 0 12 7 3 —J —O — : —;
8 4 2 5 3 12 0 2 7 3 —0 —0 —3 -3

- 1  — 0  — 0 —6 — 0 — 0 —3 - -3 —0 —0 — 0  —0 — 0 — G

C A R D  V t .  S E C T I O N  ._ 0434 T 1U54 .

Z - 43OO~~)

i s . 2 6 u

I ( V 2 Ml

1 . 1 0 0 0 3  43.30006 16.20030 1
2 . 3 3 3 0 3  L.S 43 U UL 10.20630 1
3 1.18906 0.00006 15.201031 0 .5
‘. S.1’.703 0.OC000 16.26030 3

~ 5 . .3 30 - 3  0.343060 15.26003 3
b .3986.. .31546 lb.26L33 1
7 .32625 .L5 ’ .Ou 16 .26030 1
8 1.1.7282 •19~~OC 16.26633 2
‘, 5 .13807 .19506 ló .26000 3

13 2 . . 25 6~ . 1 9 3 0 0  1 5 .2 6 u 0 J  3
11 . 07 5 7 t  . 37 3 7 1  1 .6 . 26 0 0 0  i
12 .65397 .86397 i6.2 6u 3-0 1.
13 .8 ’ . 07 5  . 34 0 7 5  1 6 .2 6 3 3 0  2
L~ . 1.5183 .0 .  1.51810 i6 . 26 .~0-) 3
1~ 1 . 7 2. 39 1 . 7 2 0 3 9  1 6 . 2 6 4 3 0 0  3
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CAR.) ~. PART DEFINIT ION.

IP [1 J 1 12 32 4. 1 4 .?  4 . 3  U. MT MN 13 33 [~
1. 1 2. 2 2 3. • 3.1. 3 3. —0 —0 —3 —3
2 1 2 2 3 ii . 2 3 1 —0 —0 —3 — 3
3 2 1 3 2 1 5 11 4. 2 — O  —0 — 3 — 0
‘. 2 2 3 3 i t  3 2 1 2 — 0 —O —6 — 3
5 3 1 4+ .5 1 7 12 5 3 — O  —0 —a — 0
0 3 2 4. 3 3.2 7 2 5 3 —0 —0 —b —3
7 4. 1 5 2 1 13 12 7 3 —0 —0 —u — 0
8 ‘4 2 5 3 12 1) 2 7 3 — 0 — O —O -C

.3.  .43 —10 —0 — O  — O —3 — J  —0 — O — O —0 —Q —)

CARD Vt . sEcrI3N LSCAT IUN.

7 - CUORO

19.913

‘4 4 V I MT

16 .1003.,  ( . . Q O u O C -  1 9 . 9 1 4 3 0 4 3  1
1.7 .3330.. 4 . . 30364.  19. 9100-) 1.
18 1.19900 0 . 0 0 0 0 0  1 9.9 10 )0  2
19 ‘.14700 0 .30 343 0 19.9100 43 3
20 2.’.’.70’J 0 . 0 0 4 3 0 6  19.9100) 3
21 .3 98 6 4  . ) 1 s 4 4 0  1 9 . 9 1 00 0  1
22 .32625 .15 ’ .OO 19 .91000  2.
23 [.17286 .19500 19.911000 2
2’. 2 . 1 3 8 0 7  . 1 9 5 0 0  19.91000 3
25 5 .4 . 3 0 1 3  • 1 9 5 0 0  19.91000 3
26 .07071 .31071 19.91000 1.
27 .~~ó397 .~~63 9 7  19.91000 1
28 .840 75 .34+0 75 19.9i03) 2
29 1.51816 1.51815 1.9.91000 3
36 [.733 29 1 .73329 1.9.9163043 3
1 1 2 7 6 15 17 22 21 1
2 2 3 8 7 17 16 23 22 2
3 6 7 12 11 21 22 27 26 1
4. 7 3 13 12 22 2 3 3  28 27 2
5 3 I. 9 8 18 13  2’. 23 3
6 4+ 5 10 9 19 23 25 24. 3
7 8 9 1.. 13 23 2 ’. 29 23 3
S 9- 13 15 1’. 21. 25 30 29 3
1 3 8 23 16 1
2 0 13 28 23 ~
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CA RD C. 11 1_ C - .

FL55413 — ~ IN’J C Y L  (III)

CARD IL . ~0N1 .iL.

~ IM~ X JM~~X NNC IbC SCA LE M . A s ’
5 3 1~ 5 1. 5

CARD ILL. ~A~ 1 O O U I D A R V  C 3JRVF.

x - 3O0~ D y — C O O R D MN NP I ( - A ~~LS  B ~‘- A X I S  I M ET A I  T M E T ~~

43.4300 0 0 0.060343 ta.U0 00 0.010000 0.00000
3 .0 3 0  6 . 6 0 0  1 0 0 . O 0 ) C 4 3  G . C ~~C 00  6 3 . 0 0 0 0 0  6 . 0 3 0 0 3
43.0433 ..~~~ t i 6 i )  0 0 0 . 0 0 3 6 3  ~.0000U 0.08000 6.00301
3.0 )3 3. ~GG 2 0 0 .0033 0.03030 0.000430 0.0300)
1 0 . 0 ) 0  4 3 . 0 0 6  3 940 • 10333 .1.303 6.060430 90.043002
3 . 3 3 0  0.000 .. 90 .93300 .9395) 0.00000 90.00033
3.0)3 0.660 5 90 1, 1 8 3 0 0  1. 1~~900 43.00008 90, 0000)
43.03) C . 0 L O  7 90 2.14.7.u 2 .14.7CC 0.043000 90.06003

0 . 0 0 0  8 90 2 , 3 4 . 7 0 4 3  2 . 3 4 . 7 3 0  0 . 0 0 0 0 0  9 0 . C 0 0 0 )
3 . 0 3 0  C . i . i 4 3  10 50 2 . 4 . 4 . 7 0 3  2 . . 4 . 7 3 3  0 . 0 0 0 0 0  9 0 .0 0 0 0 3
0 . 0 ) 0  6 . 1 0 0  3 0 0 . 0 0 0 ) 3  1 0 . 0 0 0 0 0  0 . 6 0 0 0 0  0 . 0 0 0 0 0
1 .1.73 .1.95 11 0 0.660)) C. 00000 u. 00000 0. 0000)

.t 9 5  0 0 6 . 0 0 4 3 3 . ~ 0 . 0 0 0 0 3  0 . 0 0 0 0 6  6 . 4 0 0 0 0 1 0

.19 5 12 0 0.C..3j3 . . . 6 3 0 6 4 3  6.043060 0.000)3

CARD I~~. N0U~ ODj SEOUENCL .

6 4 .  11 JI 12 .12

1. 1 2. 1 3
2 2 1 2 3
3 3 1 3 3
3 1 1. 4. 3
3 5 1 5 3
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CAR) ~. PAO T 0E~~1NIlI0N.

‘SP 2.1 31 12 32 Li 4.? ..3 L~. IT NM 13 .13 IR

1 1 1 2 2 1 • 11. 3 2 — O — O —C —3
2 1. 2 2 3 11 • 2 3 2 —0 —0 — o —e
3 2 1 3 2 1 5 11 ~. 3 —0 —0 — C — a
4. 2 2 3 3 It 5 2 4 3 —O —0 —u — 3
5 3 1 4 2 1 7 2.2 5 3 —3 —o — 0 — 3
6 3 2 1, 3 12 7 2 5 3 —Q —0 —.0 —0 -

7 4. 1 5 2 1. 1) [ 2  7 3 — 0 —O —3 — C
15 4. 2 5 3 12 1) 2 7 3 —0 — 0 —0 -0

— 1  — o  —U — 0 — 0  — 0  — , —O —0 —o — a  —0 — —

CARD VI .  SECI IUPI  ..0~~A l I0N.

2 — CO0~~D

1 9 . 9 2 . 3

‘4 1 V 2 Ml

1 .10006 0.30000 19.91000 1
2 .33903  0 . 0 0 0 0 6  19.91000 2
3 [ . 18903  0 . 0 0 0 0 6  19.91603 3
4. 2 .14 + 70 . .  0.06000 19.91000 3
5 2....703 (i .l000u 19.914303 3
t. •0966~. .316’.0 19.91030 1
7 .32625 .i5~~0u 19.9104343 2
8 [.17286 •1356u 19.9130C 3
9 5.13807 .2.9560 19.9iu30 3

10 2.43913 .195043 1’g .9i000 3
11 .0707 1 . 3 7 4 3 7 1 .  19 .91 03 0  1
12 .66397 .8 6397  1 . 9 . 9 1 4 3 3 3  2
13 .34.075 . 9 4 0 7 5  19 . 9103 3 3
14 [.51816 1.51816 19.91033 3
15 1.73029 1.73329 19 .9100u 3
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CAR )  ~. P2.~~T 0E~~I N I T I ~~N.

11 31 12 32 LI 4.? _~~~ 4.. MT NN 13 J~ L~

3 1 1 2 2 1 , 1.1  3 2 —0 —O — 0 —0
2 1. 2 2 3 ii . 2 3 2 — 0  —0 —J — u
3 2 1 3 ~? 1 3 t~ 4. 3 — 3  —c — J
I. 2 2 3 3 11. 5 .5 ~ 3 — 0 —O —: — G
5 3 1 4+ 2 1 7 2.2 5 3 —0 — O — 3 — 3
0. 3 2 4 3 2 . 2  7 2 5 3 —0 —0 — 3 — 3 1  -
7 1~ I 5 2 1 1) 12 7 3 —0 —0 — -~3 4. 5 3 12 1) 5 7 3 — 3  —O — )  — J

-1 -3 ~ —0 — 3 — a — )  — 0  —0 — 3  — 0  —o — :  — 2

C-’ .J VL ,  S E C T I O N  4.0~~4 7IuN .

7 - 0 0 3 R D

31.035

Z MT

lb .10003 4 3 . O O J O C  31.08500 1.
1~7 .3330. i~.Ju~~3L 3 1 . 6 8~~4 3 J  2
18 [ . 18 9 6 3  0 . 3 0 3 4 . . .  3 3 . . € 8 5 3 )  3
1.-) 5.1’.703  C . 4 3 4 . - 3 -0~ 31. C 8 5 3 t )  3
243 5.-.’.700 10 .43640 0 6 31.0650 0 3
21 .2586’. .3 164.6 31.4385043 1
22 .3262~ .1.54.0.. 31.6850 3 2
23 1.17280. .13,043 31.6850 3 3
2’. 5 .13807 .19500 31.0850 3 3
25 5 . . .3 13 .i3~~0 G 31 .6850 3 3
20 . 1 0 7 0 7 1  • ) 7 3 7 1  31.0853u I
27 .~~ b 39 7  .~~~3Yi 31.6850 0 2
28 ~~~~~~ .3 4.075 31.638503 3
29 1.51~~1~ 1.31 315 31.68500 3
343 [.73029 1.73329 31 .08531) 3
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CAR) I. PAU DEF IN IT ION.

IP LI 33. 52 .12 4.1 4.? ._ S LI. MT PIN 13 J3 1~

1 1 1 2 2 1 • 11 3 2 — 0 — O —t. - 3
.5 1 2 2 .3 ii . 2 3 .5 — — ,  — 6 — 9 -~
3 2 1 3 .5 1 . 11 4. 3 —J —0 — J -
‘. 2 2 3 3 ii ‘ 2 4. 3 —U —O —0 — 3

3 1 4, 2 1 7 12 5 3 —O —fl — J — 0
6 3 2 ‘. .3 12 7 2 5 3 1J —0 —~ —~7 4. 1 5 2 1 11 12 7 3 —~~ —o —a —D
15 . 2 5 3 12 ii 2 7 3 — 6 —O — J -0

- 5 .  — 0  — C i  —0 — 0 — O — 3 —0 —0 —0 —0 —0 — J —3

CARD VI. SEOT ION LUC.\TI~ t4.

2 - CuO~ D

‘ 4 2 . 3 5 5

‘4 ( V 2 MT

31 . 1 0 0 0 0  0 . 0 0 3 0 0  ‘ .2 . 33 5 0 0  1
32 .33903 43 .3043 00 +2.33~ 3~J 2
33 1.18306 6.4360436 4.2.33500 3
3.. 5.1..700 63. 0063 00 ‘.2.33503 3
35 2.,..706 U.36~~66 ‘.2.3350o 3
3b .39 80 . .  .3 1 b 4 6  L2.33530 1.
31 .32625 .1.54+06 4.2.335)0 2
38 1.17260 .2.9500 4.2.33500 3

~9 2.13807 .19500 .2.33500 3
‘.43 ?.433I~ .1.3506 4.2.3350j 3
4.1 .37011 •37j7j ‘2.33500 1
~2 .8639? . 6337 .2.3353 0 2
4 +3 .9 4 + 0 7 5  .34 0 7 5  4.2.33500 3
4.’. 1 .Si8io 1.,18 16 42.33500 3
‘.5 1.73029 1 . 7 3 4 3 2 9  .2 .33503 3
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CAR )  ~~. PA~~T DEF IN IT ION.

‘IP 11 431 12 .12 4.1 L?  _ 3  L’. IT MN 13 .13

1. 1 1 2 2 1 • 11. 3 2 —O — O —0 - 0
2 1. 2 2 3 11 • 2 3 2 —0 —0 —Q —0
3 2 t 3 2 1 5 II 4. 3 — 0  — O —O - 0
. 2 2 3 3 11 10 2 4. 3 —0 —O —0 —0
5 3 4 2 1 7 12 5 3 —43 —O — 43 — 3
~ 3 2 4. 3 1.2 ‘ 2 5 3 —0 —0 — 0 -6
7 1 5 2 1 1) [2 7 3 —0 —O —3 —0
S . 2 5 3 12 13 2 7 3 43 —O — 0 — 3

- 1 — J  — , — 0 —0 0 —~~ —0 —u —0 —0 —G — .. — 1 3

34R0  i’L . SE~~r 1 N  ..D A T1(JN,

Z - 30O~~D

03 .53E

‘4 1 V 2 MI

‘ 46 .1.3300 (i.)0366 53.~S8500 1
‘.7 .13900 6 .330063 53.5s~~)3 2
4.8 [.18903 G.uCJCO c3.515500 3
4~~ 5 . 1-..7 3~ u . u . . J O C i  S3 . 58~.3 u  3
5 0 5 . . ’ . T C O  ,.,.303~~ E3.585313 3
Si. .098 0-. .3 1o40 53.5830) 1
52 .325?; .1.54+4363 53.58500 2
53 L.~~7 5 S~ .135..6 E3 .58533 3
5. 5 . 13 8 0 7  .2 . 9 5 0 0  5 3 . 5 8 5 3 3  3
59 5.’.3313 .19500 ~3.585OO 3
Sb . 3 7 0 7 1  . 4 3 7 0 7 1  5 3 . 5 8 5 0 0  1
57 .66397 .66397 53.58533 2
56 .3’.07-j .94+375 53.58500 3
59 [.5131; 1.31816 53.s6500 3
60 1.73029 2 .13629 53.58 50. . .  3
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CAR) ~ . PA~~T DEF INITION.

‘IP 11 31 3.2 .12 4.1 L? ..3 LI. MT MN 13 J3 10

1 1 1 2 2 1 • 11 3 2 —0 —0 —o — 0
2 1 2 2 3 11 . 2 3 2 —0 —O —o —o
3 2 1 3 2 1 , 11 4 3 — 43 —O —0 — O
., 2 2 3 3 it 5 2 4. 3 — 0 —D - — 0
5 3 1. 4 2 1 7 12 5 3 —0 —G — 3 — 3

~ 3 2 4. 3 12 7 2 s ~ — e  —o —e — a
7 4. 5 2 1 15 12 7 3 —6 — O —0 — O
8 , .5 5 3 12 3 2 7 3 —0 — 0 —3 — 3

- 1  -3  —C —G — 0  — 0 — 3  — 3  0 3 — o  — o  —. —
~~

CARD V t .  SECT ION O C A T IO N .

.5 - CU0~~O

6’ ..8 33

‘4 1 V .5

61 . 3 . 0 6 0 0  0 . 0 0 4 3 0 0  0 4 . 8 3 5 1 3 0  1
02 . 9 3 9 0 4 3  0 . 0 6 0 0 6  0 . 4 . 8 3 5 0 0  2
63 1.18906 0.00000 64..83~~G 3  3
6.. S .3. ’ .7u~ C . 0 Z 0 t . t 0.4 .83501 0
65 5 . 3 4 . 7 0 4 3  0 . 0 U O l j O c 4 . . 8 3 5 3 )  3
60 .0 9 8 o 4 .  .0164+0 4.’..83500 1
67 .32625 •tb’.L.0 6~~.8353J 2
68 L . 1 7 2 8 t  .11~~66 o4 . 8 3 5 0 4 3  3
69 5 . 1 3 8 0 7  . 1 9 3 0 0  6 4 . . 8 3 5 0 4 3  3
70 2 . 3 3 8 8 2  . 2 . 3 5 6 . 3  1 4 . 8 3 5 0 3  3
71 .0707x .37371 6’..8353-3 1
72 .6639? .)b397 o4+.83530 2
73 .15 ’ .07~ • 3 ’ . 3 7~ o’ .. 8 3 ’ 3 0  3
7t~ 1.51810 1.51816 5 ’ . . 5 3 5 0 0  3
75 t.ó5958 1.65358 04.8350-3 3

1 1 2 7 ~. 10. 17 22 21 2
2 6 7 12 11 21 22  27 26 2
3 16 17 22 21 31 32 37 3, 5
4. 21  22 27 26 36 3? 42 4+1 5

~ 31 32 37 36 4.6 4 .?  52 51 2

~ 36 37 ‘.2 4+1. St  5 2 57 5, 2
7 .6 47 52 51 II 52 67 5~ S
6 5 1  52 57 56 60 8 7  72 71 2
9 2 3 8 7 17 [ 8  23 22 3

10 3 S. 9 8 18 19 24 23 3
11 4 5 10 9 1.9 2 )  25 2 1. 3
12 7 8 13 12 2 2  5 3  28  2 7  3
13 8 9 14 13 23 2 4 .  29 29 3
14. 9 1.) 15 14+ 24. 25 33 20 3
15 17 18 23 22 32  3 3  38 37 3
16 18 19 2’. 23 33 3.~ 39 36 3
17 19 23 25 2’. 34 35  4+0 33 3
10 22 23 28 27 37 3 8  4+ 3 4.2 3
19 23 2’. 21 28 38 33 4.5 4.3 3
20 2’. 25 30 29 39 40 ‘.5 4., 3
21 32 33 38 37 4.7 4. 8  53 52 3
22 33 3’. 39 38 4 +6 •‘~ 54 53 3
23 31. 35 40 39 4.9 50 55 5. 3
2’. 37 38 4.3 42 52  53 56 57 3
25 36 31 41 4.3 53 5.. 59 515 3
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5 5  4.. 1.o ‘.4. 5 4 .  3 5  oIl 5 - 6 3  3
27 .7 4.3 53 52 62 6 3  68 67 3
26 .8 49 5’. 53 63 10. .  69 10~ 3
29 .9 5. 53 5’. 64. 65 70 59 3
30 5 2  5 3  58 57 0? 1 0 8  7 3  7 2  3
32 53  54. 59 58 68 5-4  74. 73 3
3~ 5’. 59 063 59 69 763 75 74  3

j  2 7 22 11 1
.5 7 12 27 22 1
3 17 22 37 32 1
.. 2 27  ‘.2 37 1
5 32  37 52 ‘.7 1
6 37 42 57 52 1
7 .7 5.5 67 02 1
8 52 57 72 67 1
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hiput to 1-’LSH3P

L ~~~~~~~ 
-

L~~~~iP 6
- -  - 1 - .10108 - - 0.OKeft —-0-e 0*111--— - -1- - - - -- -

2 . ‘ 4 3 90 0  0 .000 00  0.000.. 1
3 1.16500 0.00*00 1.0-11,0 3.

~ 2 .14 .700 0 .0 0 0 0 0  1.00110 2
9 2 .34.708 0.30000 0.01131 3
6 .31664. •O164+0 0.00030 1
7 .*t8t5 - •tS4.rOt - - t.$U0I t -

8 1.17286 .15500 0 . 0 0 0 0 0  2
9 2.13807 .i9500 0.66110 2

10 2 .3388 2 • L 9500  0 .000 00 3
11 .07071 .97071 1.00008 1
12 .66397 .6639 7 0 .000 00  1

--ti - - --.140-75 - .-3 ’.t7~ - --—-0-.000 10 *- - - -

II. 1.51816 1.5163.6 0 .000 00  3
15 1.65956 1.65058 0.08.10 3
16 .10000 0.30000 8,13030 1
17 .93000 0.00001 1.13610 1
16 [.18900 0.30000 0.13000 1

-----—-1-9 —-2-.-t-4#-H-- - ---0.*0141 8.11.1-a - - - -  2-- -

20 2 . 4 + 3 3 0 0  0 . 0 0 0 0 0  8.13000 3
21 .09864 .01440 8.13861 3.
22 .12525 .154+00 6.3.3000 3.
2-3 1.17266 .19500 8.131,0 2
24 2.13807 .19500 8.13000 2

- - - -~~ -- - .5 • 4,2506 ——-- -rtOS$0———-b-.-t-300-1- — - -
~ 3-- - - - - - -

2ó .07071 .37071 8.13030 1
2? .5639? •~~639? 8.13010 3.
28 .84 .0 75 . 84 . 07 5  6 . 1 300 0  2

29 1.516 16 1.31016 6.3.300 0 3
30 1.72039 1.72139 6.13000 3

-0.00.1-,-- 16.26010 —— * - -

32 .93900 0.00000 16.26000 3.
33 - t . ieO-06 0.30160 *6.26810 3.
34 2 .14.700 0 . 0 000 0  16.26009 2
35 - 2.4+3300 I, 04110- - - 14.-26611 3
36 .09664. .0161.0 16.26000 1

— —1-7—--- .32625 -
~~~ .154.0 0 18.26000 —1--—-— - - - — -

38 1.17286 .1.9500 16.26000 2
39 2.13897 .19309 14.26141 2
4.0 2 .4+2538 .19500 16.26011 3
41 .67171 .97071 14.2604 0 1
42 .66397 .56397  16.26000 1

—43—— ----.-$-4.4-75-----—--.34075-— 16.26000 - - 2- - —

4.4 1.51816 1.53.83.6 16,26000 3
-45 1.7-2039 1.72035 16.26000 3
1 1 2 7 6 16 1? 22 21 1.
2 2 3 -- 6 7 17 I I  23 22 1
3 3 4. 9 6 18 19 24. 23 2
4. 6 7 12------t+— -2-t~ --- -—2* ---2-?-- -- --2+ - 1 - -

5 7 6 3.3 12 22 2-3 20 27 2
6 1-6- 17 -22 31-- - 12 37 1~ I
7 Li 16 23 22 32 33 38 36 1
8 t~~ - - i9 - 2~~ -- - 2 3 - -~~~3 - - -- - 3~~ 39 30 2
9 2 1 22 27 26 35 37 4.2 4+1 1

— 10 ~ -t2-- 23 -—ee-——-2’7 36 3 0 4.3 —4?—-- --—-2-—— ---- --- -
11 4+ 5 10 9 19 20 25 2b 3
1-2 & 9 3.4 - 11 -21- 2-4 ~29- - 2-6 3
3.3 9 10 15 14+ 24+ 25 30 29 3

—— 14 — 1 9- 29 —  25 - 24 34 - -35- 41 35 5
15 23 24+ 29 28 35 39 4+4+ 13 3
16 24+ 25 30 20 39 4+0 45 4+4+ 3
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1 9 8 23 24+ 1
2 0- 13 26 23 1
3 24+ 23 36 39 1
4+ 13 26 43 31 i
5 4 9 24 19 1

- -- -6— t1 -—— 39—34 - - -t -

1 3 0  4+ 4+ 2 3 1
1 .10000 0.00000 16.2600 0 3.
2 .93500 0.00000 16.26030 1
3 1.16900 0.00000 18.2800* 2
4+ 2.14+700 0.00000 16.26000 3 
~~~~~~~~3300 ~~~~~0000 16.Z01~~~

-- -

~~~ 
- -

6 .09664+ .3164.0 16.26900 1
7 .92525 .tS400 16.2603 0 1
8 1.17286 .19500 16.26000 2

- 9— i-Slit • 19330 18. 28000 3
10 2 .4+ 25 0 8 .19500 16.2600 3 3

~~1i .07071 —ill01t 16.2600 — 1
12 .663 97 .66397 16.2600 1
13 .840 75 .04075 10.2600 2
II. 1.51616 1.31616 16.26008 3
15 t.f 20-39 1.72039 18.26058 3
16 .10000 0.00000 19.91000 1.

— tf—--—-
~93900--—0.-00t0t-- 19. 9190 4— -—-1-- - -

16 1.16900 0.00000 19.910)0 2
19 ?.t4?e0 1.30000 9.9U04 3
20 2.44700 0.00000 19.91000 3
21 .09864+ - - .11640 19.9100* 1
22 .926 25 .154.00 19.91000 1
23 6,17266 .1-9500 19.91051- —----2-- -
24. 2 .13807  •19500 19.91000 3

- - 25 2 . 4 .391 3  - .19500 19.91890 3
2b .07071 .37071 19.91000 1
2?- .46397 - - .66397 3.9.91000 1
28 .64.075 .34+075 19.91000 2
29 1.51610 1.itttb 3.9.91109- -

30 [.73029 1.730 29 19.91000 3
3. 3. 2- - - 7 6 - 1-b 17 -2-2 21
2 2 3 8 7 11 16 23  22 2

- -3 6 7 - 12 ti 2-t 22 27 26
4+ 6 8 13 12 22 2 .3 26 27 2
5 -3--- • 9 8 1-0 t9— - ----24 -----2-3-- S
6 4+ 5 10 9 19 20 25 24+ 3
7 --5 9 14+ - ±3 -23 -2~, 29 23 3
8 9 10 15 ii. 24+ 2 5 30 23 3
1 - - - 3- 0 -2-3 -*6 I
2 5 13 25 23 1

24 8 2-f -————— - - — - - -

1 .10000 0.00300 19.91000 1
- 2- -..9-3910 - - -6.00068- 14.41410 2

3 1.18900 0 .0 0 0 0 0  19.91000 3
—-- - -— -4 - 2-.- t4f~00 -- 0.00000- -19.Si090 3

5 2 .4+4.700 0.00000 19.91500 3
0. .39064 .01640 19.918 1-0---—-—F --- --— - -- -

7 .02625 . 154 + 00 19.91000 2
8 1.3.7266 -.19501 - 19.91009 3
9 2,13807 .19500 19.91000 3

-10- t .-4.39-i3 - - .-t950-0 -- —19. 91000 3
11 .07071 .01371 19.91000 1
12 .86307 .66307 10.91100- 2—--
13 .840 75 .04. 075 19.91000 3

- - - 1.5183.6 1.51016-- 14.91000 3 -

15 1.73029 1.73329 19.91000 3
— -- tfr - .10011 1.00002 St .46510 - -i

1? .93900 0.00000 31.06500 2
16 1.16900 0 .000 00  31 .06500 3

87
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19 2 . 14 7 0 0  0 .0 0 000  31.0650 0 3
20 2 .4+ 4 70 0 0. 050*8 31.0*5* 0 3
21 .09064. .0164+0 31.S851 1 I
22 .02625 .154.00 31.055*5 2
23 1.17286 .19500 31.0850 0 3

______ ______ - .i9540- 31.18511 - 3
25 2 .4 . 39 13 • 19500 31.0551 1 3
26 .07071 .0707 1 31.085* 1 1
2 7 .56 397 . i6397 31.08500 2
28 .840 75 •~~4 .O? 5 31.005* 0 3
29 1.51816 1.51816 31.0850 0 3

- --- - - -36-- t .-7302-3 —tu7-312-9 - -31.0*510- -1.
31 .10000 0.00000 42.3350 0 1
32 .93900 0.00000 42.3350 0 2
33 1.18900 0.00000 4+2.3350 0 3
3’. 2.14700 0.00800 .2.3350 8 3
35 2.44.700 0.00000 4+2.33500 3

— - 36 .-0e66~~
-- - itlbkt —4ti-33511- --I

37 .0 2825 .1 5 4 + 00  4+2. 3350 0 2
38 [ .17286 .19500 4.2.3350* 3
39 2.13807 .19500 42.3350 0 3
4.0 2 .43913 .19500 42.3353 0 3

~1 .070 71 .0707 1  4. 2.3350 0 1
- - lrt .66397 - — i66397—4ti-33500 -

43 .84 07 5  .34 . 07 5 4+ 2.3350 0 3
4 + 4 +  1.51816 1.51816 4+2.33530 3
‘.5 1 .7 3 0 29 1.73029 42.3350 0 3
‘.6 .10088 0.00800 53.56501 1
47 .93900 0.00000 53.58530 2

- - -4-8 - - t-~t29-0-0 - --6.95900 - -5r 3-o-Sr SO-0 - -

49 2 .14700 0.00000 53.58500 3
50 2.4+4700 0.00030 53.50500 3
51 .~J9864 .3164. 0 53.58500 1
52 .92525 .154+00 53.56508 2
53 1.17286 .19500 53.58 500 3

—54- -- -2-i-i 36+? -.1-9501- ~3.~~8~ U———--3 - - -

55 2.4.3913 .19500 53.58500 3
~6 .070 71 .07671 53.58500 1
57 .66397 .66397 53.56506 2
56 e8’.0?5 .34175 53.50519 3
59 1.51816 1.51816 53.58500 3
60 ——t-- .7.30-29----- 1.73029 -- ~ 3.5850-0---—-- -3- -

61 .10000 0.00000 64.83500 1
62 .93903 0.00600 64.83530 2
63 1.18900 0 .000 00  64.83500 3
64 2.14700 0.00000 64.6350 3 3
65 2.3’.700 0.00000 64.63500 3

— —6-8- ~~8-98b4 - - -.-0t640- --b4u---e350-* - ----1  -

67 .92625 .15400 64.83530 2
- -6-6 1.17286 .19500 64.63500 3
69 2 .13807 .19500 64.83500 3
70 2 .33852  .19500 64.5 3500 3
71 .0707 1  .0707 1 64 .83500 1

——--—7- 2- --- —i-0.6397--—-- • 6639 7—- -64-.8350-0-- --—-2
73 .840 75 .84+075 64.83500 3
7’. [.51816 i.,1816 64.83500 3
7!. 1.65958 1.65956 64 .8350 0 - 3
1 -1 2 7 6 16 17 22 21 .5
2 6 7 12 11 21 22 27 21 .5
3—— ---t-b-- —3.-7--——-2-2—-- - - 2-*---—--3-*-- - - -3-2-------3-? 35 .5
4 21 22 27 26 36 37 42 4+1 .5
5 5-1 32 37 36 46 ~7 52 5~ .5
6 36 37 42 ‘~t 5 1 52 57 5s 2
7 .6 47 52 51 61 62 67 5 .5
8 51 52 57 56 66 7 72 71 .5
9 2 3 8 7 ii 16 23 2! 3
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— -- - -- —-- - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~ :-~_~~~~~~

10 3 I. 9 8 11 19 24 23 3
11 ‘. 5 10 9 19 20 25 24 3
12 7 8 13 12 22 23 28 27 3
13 8 9 14 13 23 24 29 25 3
II. 9 10 15 II. 24 25 30 23 3

- 1, t? -18 -23 2t— It W -10 Sf S
16 16 19 2’. 23 33 34~ 39 35 3
17 19 20 25 24 34 55 43 39 5
18 22 23 28 27 37 38 4.3 4+2 3
19 23 V. 2-9 26 38 39 4.4 1.3 3
20 24 25 30 29 39 4+0 45 4+4 3

- -  - -tx-—--tt—- 33 - 38 37 4 41 03 - St  - , —

22 33 3’. 39 35 43 49 51p 53 3
23 14 35 4+0 39 49 53 55 54+ 3
2’. 37 38 4+3 4.2 52 53 58 57 3
25 38 3-3 44 43 53 54 59 36 3
26 39 40 45 4.1. ~~ 55 60 59 3

- 
~~~—-6~~~~~ 8-~~~~~ --52 

~~~~~~
---

~~~~~~
- 

~~~t - — 7  S - -

28 48 4+9 5l~ 53 63 64 69 55 3
29 •9 58 5-5 -54 64+ 69 70 53 3
30 52 53 56 57 67 56 73 72 3
31 53 54. 59- 58 68 69 74 73 3
32 54. 55 60 59 69 70 75 7. 3

— — i— 2 7 tt- —it----r—~~~ 
--- 

2 7 12 27 22 1
3 17 22 37 32 1
I. 22 27 42 37 1
5 52 37 52 4.7 1
6 37 4+2 5? 52 1

8 2 5? 72 67 1
-0
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Output from FLSH3P

1 .1003 0 0.09000 0.11,01 1
.9390 0 0.00000 0.000*0 1

- - 3 IT1-1900 — - -*-.0S000 —-—--0- .00011 - i
, 2.14+700 0.00000 0. 30000 2
. 2.34700 0.00080 0.00300 3

.098)4 .0164+0 0.00000 1
I .92625 .15400 0.00000 1
8 1.17256 .19500 0.03000 2

--3 -- 2 , 1 3 8 5 7 — ——---.19510 —1.10600-- 2
13 2 .33832 .19500 0.90000 3
it .07011 .07571 5.00 000 1
12 .66307 .66397 0. 00000 1
13 .84.015 .84075 0,00009 2
1, 1 .5181b 1.51816 0.00000 3

----—--- --t5---— --t .659;8 —- -- --1.c.~g;o -—--0.-10000 -

15 .10000 0.00000 8.13000 1.
1? .9390 0 0.00000 4,13000 1
13 1.1893 0 0.00000 8,13000 1.
11 2.14.733 0.00000 ~5.13000 .5
23 2.1.3300 0.00002 8.13000 3

— 2k—— -~~~~ 84~~— - ~~~640 -~~. ~~~4~~ ——-1- -

22 .9262 5 .151.00 6.13000 1
23 1.17236 • 1950G 5.13010 2
2’. 2.1383 7 .19500 8.13000 2
2~ 2.4.2538 .19500 8.13000 3
25 .070 7 1 .07071 8. 13000 1
27 ,-6433-? .f ~6W— --—0.- t3-OU- - -  I -

23 •84075 .84.075 8.13000 2
2-3 1. 51816 1.51616 8.13000 3
30 1 .7203 9 1.72039 8. 13000 3
31. .10000 0.06008 16.26000 1
32 .93930 0.00000 16.26099 1

- —--—-33- -- —i--i-t-3964- -— 0 .90 00 9  - 16. 260-0-9- - -.5
3.. 2 .14+73 0 0.00000 16.26000 2
35 2.4333 0 0.00000 16.26000 3

•098,(. .0164+0 16.26000 1
- 37 .9262 5 .15466 16. 26090 1

38 1 .17236 .19500 16.26000 2
3) - -—-2-.-13467-- ---- -.-t-956-G—--4-1.--Z6440—---2 -

4+0 2. 4 +25 3 8 •19500 16.26000 3
41 .0 7011 .07071 16,26000 1
1.2 .66307 .66397 16. 26000 1
4.3 .84.07 5 .54975 16. 26600 2
44 1.51816 1.51616 16. 26000 3
‘

~

- - -t.-#Z~.39--—- 1.724-3-6 - - - -&4.~26449 3 - -
4+6 .10000 0.00030 19.91030 1.
47 .9390 0 0. 00000 19. 91000 2
43 1.1893 0 0.00000 19.91000 2
43 2.14+730 0.00000 19.91000 3
5) 2.1.4730 0.00000 19.91000 3

- -—-—--5*-— —.0-9844-— - .-0-iblpe-— - -  -*9. 4*090 - -1
5! .92625 .154+00 19.91000 .5
53 1.17236 .195-00 19.91000 2
54 2 . 13837  • 19500 19. 91000 3
5, 2.43913 .19500 19. 91000 3
55 .07011 .07071 19.91000 1

-- -- -5f---- --— ---.-06337- -——---.-4b 33?- —- 19. 11110 2
53 .64075 .84 07 5 19. 91000 2
53 [-.51816 1.51816 - 19, 91909 3
63 1.73029 1.73029 19.91000 3
61 .10000 0.00060 31.06500 1
62 .9390 0 0. 00000 31. *5500 .5
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- - - ~~~~~~~~~~~~~.j L i~~~~~~~ 
-—-—-‘------ - ----- . --- - -- --- .-- --- -—.-.-—---- --- .

.~~~~~ .--.- -—--------- — --V-

63 1.169)0 0.00000 31. 06500 3
6, 2 .1470 0 0 . 0000 0  31.05500 3
6, 2 . 84 +73 0 0 .0000 0 31. 06 500 3

.098s4+ .0161.0 31. 08500 1
61 .92625 .15400 31.08500 .5
63 1.17236 .19500 31.05500 3

- - 69 - 2-. 1-386 7 • 1-3500 - 31. 665-00 3
73 2 .4+391 3 • 19500 31. 05500 3
71 .57011 .07011 31. 08500 1
72 .66337 .66397 31. 08500 .5
73 .64075 .84075 31.08300 3
74 [.51816 1.51816 31 .08500 3

- 7~ t.73029 - I~~730z -— 31.06500 - - - -

76 .10030 0 .00000 42 .33500 1
77 .9390 0 0.00000 4.2, 33530 2
78 1.1893L 0 . 0 0 0 ~~0 ‘.2.33530 3
73 2.14.70 0 0.00000 42. 33500 3
80 2.4.1.730 0.00000 42.33500 3

- 81 .0333-4 - .0-1640 -- 42. 333-0-0 t -

82 .92625 .151.00 4.2.33500 2
83 1.17256 .19500 4.2.33500 3
8, 2.138)7 .19500 42. 33500 3
85 2.1.3913 .19500 42. 33500 3
8 .0 7 0 1 1  . 07 0 7 1  42. 33500 1 
f -   ib6-33 7 i 66-SIt - -42-i 3551t .5

86 . 8 4+ 0 7 5  • 84 .07 5  42. 33500 3
69 1.5181.6 1. 51816 42. 33500 3
90 1.73029 1.73029 42.33500 3
91 .10000 5.00000 53,58500 1.
92 .93930 0.00000 53.56500 .5

—-—-- -93---— t.te 0-0- 1.06-300-- -- -53-.-5e-500- - S
9-. 2.11.700 0.00000 53.55500 3
95 2 .84733 - 0.00000 53. 58560 3
9, .09814 .01640 53. 58500 1
91 .92-6~5 .154+00 53. 55500 2
93 1.17286 .19500 53. 55500 3
99 2.13807 —- t-930-8- 53. 58500 -

103 2.1.3913 .19500 53 ,58500 3
- lOt .07011 .07071 53. 56500 1
102 .66337 • 66397 53. 56500 .5
103 .84+075 .64075 53.55500 3
10. 1.51816 1.Sj816 53,58500 3
10; --—t.73023 — ----t-.-?3020 53. 55500- - 3
lOs .10030 0.00008 6’.. 83500 1
101 .93950 0.00660 64.83500 2
108 1.1693 0 0.00000 64.63500 3

- 109 2.147*0 0 .00000  64, 83500 3
lii 2.3473 0 0 .000i~0 64.83530 3

—— 11.1  .098.1. —-.1161.0 - -  61.. 63~~00 I
112 .92625 .151.00 64.83500 2
113 - 1.17236 - .19500 -64.83500 3
111. 2.13807 .19500 64.83500 3
11, 2.33852 .t—95e0 64,83510 3
11~ .O70’l .07071 64. 83530 1
111 —- -— -- .€ ~630?-----—--- r-6 C~3-3 7 — ---6’.-.-8 3 5 0 0 - - -  2- -

115 .84075 .81.07! 6’..83530 3
113 1.51816 1.51616 64.83560 3
120 [.6595 6 1.65-958 64. 83500 3
1 1 .5 ? D 16 17 22 21
.5 2 3 8 7 17 18 23 22

- -6- 18- 19- 2-’.- - .5-5 - - t - -

6 7 1.2 11 21 22 27 26

~ 7 s 13 it 22 23 28 27 2
‘ 16 17 22 21 31 32 37 36
7 17 18 23- 22 ~~ 33 39 37
3 18 19 24 23 33 3’. 39 38 2
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~~~~~ --- - — - — - — - — - -----
~~~ - -—----— -

3 21 22 27 26 ~ 37 42 1 1
10 22 23 28 27 37 36 43 2 .5
it 31 32 37 36 46 4+7 52 ~1 1
12 32 33 38 37 ‘iT 46 53 52  2
13 36 31 82 41 51 52 37 56 1
1. 37 38 43 42 52 53 6 7 2
ii ~0 

- 47 - 5t St - -  61 - 51 ,b 2
16 51 52 57 56 66 67 72 71 2
11 01 62 6? 66 76 77 82 31 2
15 66 67 72 71 61 82 5 7 36 2
13 76 77 62 81 91 92 3? 36 .5
20 81 82 87 66 96 97 1)2 131 2

- - - 21 - -- - --91 —9-?— — - - 96- - t-06 -----II? -- *12 Itt - - 2
22 36 97 132 101 111 112 117 116 2
23 4. , [0 9 19 20 5 24+ 3
2’. 8 9 [4 13 23 28 29 26 3
25 9 10 15 14 24 25 30 29 3
2~ 19 20 25 21. 3’. 35 43 39 3

— 2-f - - -  - -24 t - - -2-3- - ---33-- - —39 4 -’. - 53 - 3-
28 24 23 30 29 39 40 .5 .1. 3
2-3 33 3’. 39 36 4.0 49 58 33 3
3) 3’. 35 40 39 49 50 35 5’. 3
31 35 39 44 43 53 54 33 36 3
32 39 40 45 4.1 51 55 ~ 

-~~ 
~- - - - — - 3S— 47 53 - 5 3 - — S t ---62 63 — s S  3 1  - 3

3. .8 49 54 53 63 64+ 9 a 6  3
35 ‘.9 50 55 54. 6’. 65 7 3  .1 3
33 52 53 58 57 67 66 73 72 3
31 33 54 59 5-0 66 69 78 73 3
33 5’. 55 ~ 0 59 69 70 75  78 3
39 & 2 - 6-3 - -66 --6-7- 77 - 7-B - 33  5 -2- - 3
‘.3 3 6’. 69 65 78 79 84 83 3
kt 64 65 70 69 79 80 55 34+ 3
‘.2 67 63 73 72 82 63 5 8  5 7  3
43 68 63 7 ’. 73 63 84 59  5 8  3
1.. 69 7)  75 7 ’. 3. 85 33  59  3

-- - --- -45- -----7?- - - - ~6- - - - - -0-3 - —8-2--— - -  —12- - -- - - 9-3--- - - 95 37 3
1.6 7 8  73 8’. 83 93 94 93  38 3
‘.7 19 80 85 64 - ‘3’. 95 1)0 09 3
43 82 83 88 67 97 98 13 3  13 2  3

- 43 8-3 8’. 89 88 98 99 13 ’ . 133  3
50 8’. 85 90 89 99 100 135  134 3

—--—8-1----- -9-2 --—93- ---—9-8- 97 —t-0-1-------*0-8-- - -11-3- — 11-2 - - - 3
52 93 9’. 99 96 108 109 11’. 113 3
53 94 ‘35 iSO 99 109 110 11.5 III. 3
5’. 97 98 103 102 112 113 113 117 3
5s 38 99 134 183 113 114 119 11.6 3
56 39 100 105 10’. 114 115 1.20 11.9 3 

-----+- - - -u ~~~~~~ 1--
.5 8 13 28 23 1
3 24 23 18 39 1
$ 2 3  28 4+3 36 1
, 4 3 24 15 1.
6 13 2’. 39 31 t

----- 1----34----30- ---~~3-- -48- - --1-—- -

9 38 4.3 58 53 1
3 47 52 - - -8-7 - 62 1

10 52 57 72 67 1
- - - - -11. .2 67 8-2- - 7-7 - & -

12 67 72 67 62 1
—13--—-—----7-#-—---- 82 —9-7--—-----9-2— —6----- - - -- ——-- - -

1’. 82 87 102 97 1
-
~~~~~~ 32 97 112 -107 1
Is 07 1.02 117 112 1
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Input to FLAJ’3

F L ~~~PJ
120 16 4 45.0 

- - 

.i1UU11U1kS ~~~~~~~~~~~1) 0.0001656 0., 1180.0 625.0

O 1 5
u _ 1 ~~ - -
10.0 0.0
1.0 )..u 1.0 1.0

1 .10000 0.000110 0.330W] 1
2 .93900 0. 00000 0.00000 1
3 1.18900 0 .00000 0.30030 1 

- —

L 2 .14 700  u.00000 0.00000 2
5 2.3~+7UJ 0.1)3000 0.00000 3
6 .09064 .016411 U.,Jt)1)UU 1
7 .92625 .1~ LiU0 3.331100 1
o 1.17286 .19503 0.11111)00 2 
9 2 .13807 .19500 13.00000 2 

— —

10 2.33882 .19500 0.1)0000 3
11 .07071 

- 
.07071 

- 
0.110000 1

- - - 12 ~~~~~j~~~~~~ 66391 1
13 .84075 .84075 0.01)301) 2
1-+_~~~j1a16 1.51d16 0.iJ1J000 _J -— -
15 1.65958 1.65958 0.1)0300 3 

-— 

1_~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
17 .93900 0.003311 8.130W) 1
18 8~~~0_ _ 3~~~pj~DjL 8~~ju1)0 - 1
19 2.14 700 0.00000 8.13W )U 2
21) 2 .4 3303  0.00030 8.13000 3
21 .09864  .01640 8.131)30 1 

—

22 .9
~ 

.15~ u0 841 i~ ~23 1.17286 .19500 8.13001) 2
24 2 19503__8.1JU0U 2
25 2.42508 .19500 8.1301)0 3
26 .07071 .07071 6.1301)0 1
27 .6 6 3 9 7  . 6 6 3 9 7  8 . 130 013  1

- 2~ ~~~~~~ .84075 ~~~~~~~ 
2

29 1.51d16 1.51316 8.13001] 3
1

~
2g

~ 9 - 1~~~2O~~~ ~~~~~~UU -
31 .100111j 0 .00333 3 16.260031 1
32 .93900 U.00LJ00 16.2600U 1 -
33 1.16900 11.00000 16.26031) 2
31. 2.14700 0.033110 16.26003 2

—- - - 
3 5 2 ~~~j 31 )U 0 .0U000 1 6 . 2 6U 0 U  3 

-

36 .09864  .01640 16.26030 1
- 

37 ~~~~~ .15L.0J 16.26301] 
— 

1 
- -

38 1.17286 .19500 16.2600)] — 2

39  2 .13807  .19530 16.261)03 2
1.0 2.42508 .19500 16. 261)1)0 ~

— 

— - 
‘+1 .07071 

— 
.07071 16.260011 1

1.2 .66397 _ L~~4393 ~~~~ , 0U~L - 1
Lij .84075 .84075 16.26000 2
44 1.51816 1.51816 16.26003 .j_
45 1 .7 203 9  1 . 7 2 0 3 9  16.26301) 3
46 .101)00 0.1100011 19~~ 1C3D i - - - -
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r 

r~~
1
~~

j’7 L.7 .9)9[~0 ~~~D. ~JUU00
‘~~ 1.1~~9UJ iJ.~J0QLJLJ 19.9101)11— ~~~I~9~~~~2.1~~7(3(3 3 .U O O U U  19.91000
5U 2.4~.7U 0 U.U~ 0UU 19.911100
51 .~J9~ 6l. .U1&J~U 19.910011
52 .92625 .1$l.UU 19.91000
53 1.17286 .195(311 19.911)1)0
~~e 2.1) auj .~~~50U ].9~~~~JUU
55 2.~.3913 .19500 19.91(300

— — 56 - .U7U7 1 1PL~__~~~~~iLLJ~

L 

s 7 .6 6 3 9 7  .66 397  19.910(3(3
— 58 .81.137 5 .d~.075 19.91ULJU __~

~~~~~~ ~9 1.5181~ 1.51816 19.910.11)

61 .11)1)01) 0.01)110 31.1)851)0
- 2 .~ J93[) O,~~QU3~~~~~~~~~ 8~~0~J

63 1.1691)0 0.00(31)0 31.08500
• _ 2,1~ 71l 0.1)00(30 31.U8S00
65 2.1.1.700 U.00[J0U 31.08501)

— _~~~~~~~ ~~~~~~~~~~~ 
.1)161.0 J JJ~.5JIP —

6 7 .92625 .151.110 31.08500
— 6~ i.1j2d6 .1950LJ~~~~1.0 85l13

69 2.138(17 .19500 31.1)8500

— 73 2.1.3913 .195(311 31.U85UU~~~~~
71 .07071 .1)71)7 1 31.085~)u

- L2 .663~~7 ~~4 i f l . O 85 0 O  -73 .W.1)75 .81.075 31.085011- - 1.51816 _ f l~~~5J1)
7~ 1.73 1)29 1.73029 31.0851)0

— /6  .1(30(30 0.1)001)1) 1.2.3350L~~~~~:
• 7 7  .93913 1) J.3000L1 1.2.335 1)0

- — J~ 
1.189uJ 3.3001) 42 .33 50 U .

79 2.11.7(11) 0.31)300 1.2 .33530
• 

-- ~J 2.1.1.j13U U.0U0JD 1.2 .335~ 1)
81 .09861. .1)161.0 1.2.33500
b2 .9262 5 .15400 42 .335 UU _ _

3 1.17266 .19500 1.2 .33500
2418137 .i~ 5ULJ 42~j J~~iJ0

85 2.1.3913 .19500 1.2 .3350 1) 

~~~~~~~~ .
1)7071 k2J.j5QQ

(17 .66397 .66397 1.2 .335 1) 1)
— 88 .81.075 .81.075 42.3353U __

~~89 1.51816 1.51816 I+2 .3 35 00
___ __ J~ Z1ft~2 7~i _M._J15~iJ

• 91 .10033 0.03030 53.58503
92 ~~~~~~ 0.0000IL ~31I8i~iU93 1.1891)0 0.001)00 53 .58500
91. 2.11.7130 0.00001) ~j.585ou
95 2.41.700 0.0001)0 53 .58500

____9~
_  . ~~~~~~ ~ a€~

_ 
~~~~~~~~97 .92625 .15400 53 .585 00

98 1.172 86 .1~~~~~~~~~J.~~~5uU
99 2.13637 .19530 53.58500

11)0 2 .439 13 .19500 53.~~6~ 00
11)1 .07071 .07071 53.5851)0
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~~~~ I~~~~~~~.~~639 7 ~~~~~ ~~~uh 2
103 .84075 .841)75 53.5851)11 ~
~~~~ T~~Tói 6 1. 3

- 
11)5 1.73029 1.73029 ~~.585U 0 _ J ,  _____—— 
11)6 .1UWfl u .oooou 6..83s~jrj 1
1117 .9391111 11.0001)11 64.8351)1) 2
lU~ 1.1~ 9UU U.111)QQ~ 64 . 6 3 5 1 1 1 1  3
109 2.147111) 11.11111)1111 64.8 35 111) 3
1111 ~~~~~~~~~~~~~~~~~~~~~~~ 3 

-

~~
111 .119864 .1116411 64.8 35 1)))  1
112 .92625 .1541)1) 64. d3$~j1) 2
113 l.172~~6 .19 5)~.j 6L 4 .b3 5~~U 3
114 2 . 1 3 b u7  . 19 5 ) 1  64.~~35~~. 3
115 2 . 3  b~~2 .195U~ 64.~ j5~~ 3
116 ~~~~~~ .1171)71 64. l i 3 5 J ~ 1

______ 
11/ .66397 .b63~~7 64.ø3 ;~ ; j 2

~~~~ .641)75 .64u 7~ 6 4 . d 3 .5j u  3 - - -

~~~~~~~~~~~~~~~~ ~~ $1d16 6 4 . 8 J 5 U U  3
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HARII OPSIC G MC~~ 0

• :REQUEN~ Y 0.4Jt0 RAD/SEC 0.030 ~Q

~EGM~.t4 T J~. s~

‘lODE N U 1 5~~ 
‘A COU S T EC P S ~ ’Jk~ 

-—

t 1.30~ 002 t.3C000
3 1 . 00 0 0 0
I.

1.00003
7 1.00000
8 1.00000

• 9 1.00000
It
12 1 .00(00
13 1.00000

• 11 1 . 0 00 0 0
17 1.000 00
to

1.00000
2~. 1.00(00
22 i .OO C OO

• 23
2.. 1.OL000
27 1.03000
27 1.00000
28 i.0000fi
3t 1.OOCIO
32 t . 0 0 t 3 ~33 i .00000
3.. 1.00000
3t 1.00000
37 1.00(00
38 1.00000
39 1 .00000
‘.1 1 .00 (00
‘.2 1.00000
4~3 1.00000

i . 0 0 0 3C
‘.7 1 .00000
‘.8 1.00000
51 1.00000
52 1 .00(00
53 1.3003~
56 i.0~~003
57 1.00000 - —

58 . 1 .00000
61 1 . 0 0 0 ’ O O
62
6b 1.000O~67 1.00000 -

1 .00000
72 1.00000

1.0000 0
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77 1.01.000
81 1.00000
82 1.00000
86 i.oooc:
87 1 . 00 0 0 0

• 91. 1.00000
92 1.00000
96 1.000,30

1.c r ~~~t O t  1.00000
1C2 1.00000
106 1.00000
107 1 . 0 00 0 0
lii. 1.00000
112 1 .0 0 0 0 3
116 1 .00 000
117 1 . 0 0 0 0 0

~E~~K ENT I L

‘l ODE NU13~~ AC 0 UST L~ ES~~J~~

1 1.00(00
2 1.0C0~ 03 1.03000
4. 1 .0 0 ( 0 0

7 1 .0 0 0 0 0
8
3 1 .00003

IL 1 . 0 0 0 0 0
1,2 i.0L003
13 1.0GC0i~là 1.00000
17 1.00000
15 1 . 0(0 0 01.0,_ t oo
21 1.00003
22 1 .00003
23 1.00000
24. 1.03(00

1.0(000
27 . 1.00(03
28 1.00000
31 1 . 0 0 0 0 3
32 i .*30000
33 1.00000
3’. 1.00003

1.00000
37 1.00303
38 1.0300.
39 1.00000
‘.1. 1.00003
42 1 . 0 000 0
43 1.00003
‘so 1.00003
47 1.00(00
‘.8 1.30003
51 1.00(00
52 1.00000

103
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53 1.00(03
5c 1.06000
57 1.00000
58 1.00000
61 1.00000
62 1.00300
66 1 .00000
67 1.03000
71 1.00000
72 1.00010

77 1 .00000
81 1.00300
82 1.00000
80 i.uOfIOO
87 1.00(00
91 1.00000
92 1.00000
90 1.00000
97 1.00000

t O t  1 .00000
1 . 0 2  1 .00000

- 1.30000
101 - 

- 1 . 00000
lit 1.30(00

1 . O L t O C
116 1.00(30
11.7 1.00000
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r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

HARMONIC C MOJL 1

~~ EQ.JEN0 ~ ~ 82. . 88  RAD/SEC - 92. 7 .6 Mi

S E M : ’~1i I

MI)DE NU16E~ AC~ USTIC F~ ESSJ~ E

1 — . 5 8 327
2 — .58333
3 — .58~~33
.5 — .D 8 3 b 1
O — .5~~327
7 — .5833’.
8 — . 56333
9

11 — .56327
12 — .56334
13 — .58334
16 — .5.743
17
18 _ •5 i .75 3
19 — .54,795
21. — . 5* .74 .4.
22 — .54755
23 — .5 4757
21. — .54797
2o — .54 ,7~~44
27 — 54 75u
28 — .54 743
31 — .44427
32 — . 4444’.
33 — .444 72
3* — .

36
37
38 — .44’.72
3C4
41
42 — .‘.‘.434
‘.3 — .41.419
.6 — .35777
‘.7 — .35799
48 — .358~~5
,i. — .35777
52 — .35790
53 — .3C8 5..
56 — .3~~783
57 — .J58~ 2
58 — .3 58’.’.
61 .11556
62 .11538

.11556
o7
71 .11550
72 .1155 3
7b .56532
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7? .56522
81. . 56532
82 .5652’.

.56527
87 .56532
91 .861173
92 .88468
96 .881173

.88469
101 .884.71
102 .88473
i C b  1.00014
107 1.00112
111 1. 0001’.
112 1.00012
llb 1.t00 i~~~

- -

11. 7 1 .00300

SE~ MENT 1. L

‘ lODE MUI8E~ ACOUSTIC P~ ES5J~. E

1 
• — . 58327

2 - — .58333
3 — .58333
4 — .5835-1 - —

6 .58327
7 — .58334
8 — .58333

4 — .58363
11 — .58327
12 - .58331.

13 — .5833’.
— .51.7113

17 — .54753
18 —.~~1.753
19 — .54795
21
22 — .54755
23 — .54 757
2. — .54797
26 — .51171.6
27 — .34750
28 — .54 71.3
31 -- .44427
32 — .441.1.’.
33 — .4.1.72
3. — .44546
36
37
36 — .441172
39 -.411549
4 1 — .1.41.32
42
1.3
46
47 — .35799
45 — -358115 -
51. — .35777
52 — .35799

106
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53 — .3~~b5,
56 — .35783
57 — .35802
58 — .3581.~
61 .11556
62 .11536
66 .ilSE b
67 .11541
71. .1155C
72 .1155 3
76 .56532
77 .56522
81. .56 532
62 .5652.
86 .56527
87 .56532
91. .885.73
92 .88456
96 .88473

.8845 9
101 .86471

- 102 .88473
lOs 1.0(01.

• 10? 1.00( 12
111 t . 0 C~~t4
112 14 0 0 0 12
110 1.00(1’.
1.17 1. 0td 0~

ZERO HA~~MO’l1C 8U06 1

ALPKPC Z 2 .13
Ai. P I’ftl C
A LP HFT
ALPHSD 0.13
A LPHA — 3.13
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HARMO NIC 0 MOOt 2

FRIQUEPICY 0392.6! . ’. R4O/SEC - 
2 21 .64 8  HZ

S
~~

GP0
~

N 1 I R

1400E NU18E~ AcOJS T ZC P~t1S~ifl

1 .47280
2 .47298
3 .47 296
4. .4 7378
6 .1.1280

.4730 -)
8 .1.7295
9 .47385

11 .47281
12 .4730 3
13 

-

16 .32136
17 .32165.
18 .32162
19 .32290
21. .32 137
22 • 32168
23 .32176
2’. .32292
26 .32 145
27 .3215 3
28 .32128
31 — .0303 1
32 — .03582
33 — .0350 1
3’. — . 33 2 8 6
36 — .03630
37 — .3357 8
38 — .03804
39 — . 03 2 7 7
41 — .03616

‘.2 — .03615
1.3
1.6 — .26458
‘.7 — .26403
48 — .26298
51 — .2643 8
52 — .261.05
53 — . 26280
56 — .265.4 5
57 — .2641 7
58 — .26312
61. — .98112

— 62 — . 98380
66 — .98113
67 — .98389
71, — .98110
72 — .98103
7e — .6096 5
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77 — .à~~96L
81 — .6396 6
82 — .6096 5
8o - .60976r - 87 — .03939

• 91 .41.211
92 .45 .207
96 .44210
97 .41 .208

101 •4’199
102 .44238
106 1.08353
10? 1 . 0 3 0 5 7
111 1.00053
112 1 .0 .056
113 1.00352
117 1 .0o000

SEGME N! 1 1

‘lODE P4U1BE~ A C OUSTIC f~ ESSJ ~~E

1 . ‘ .7280
2 .1.7298
3 

- 
.47296

4. .47378
6 .47280
7 .47300
8 .47295
9 .4 7385

ii .1.7281
12 .1.7803
13 .1.730 0
18 . 32136
17 .3216’ .
18 .32162
19 .32290
21 .32137
22 .32168
23 .32176
2’. .32292
26 .32145
27 .32153
28 .32126
31 — .0303 1
32 — .0388 2
33 — .3 3 5 0 1
3-. — .03286
30 - — .0 30 30
37 — .0357 8
38 — .0350 ’.
39 — ...3277
‘.1 — .03016
42 — .03(15
1.3 — .03056
46 —.264~~ - - -. -

47 — .261.03
1.8 — .26291
51 — .26456
52 — .204.05
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• 53 — .26280
56 — .26445
57 — .26417
56 — .26312
61 — .98112
62 — .98080

— .0811.3
67 • — .98069
71. • — .98110
72 — .98103
76 .6j 965
77 — .6096 1
81 - .6396 6
82
86 — .6097 6
87 — .60939
91 .1.4,211
92 .41 .207

• 96 .44210
97 .4’ 1208

1C 1 .4’.199
102 .44238
10~ 1.0.053
107 1.00057
111 1 00(53
112 1.0(058
116 1.00052

• 11•
_ l .Oo 0 0 3

ZC~~0 H4~~MO’lIC MU~~ 2

A LPHPC = 1.3?
= — 1 . 5 8

A LPHF T = — . .17
AL~~HS0 =
ALPh A = — 3 . 18  -
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HARM ONIC 0 MCIj L 3

~~ EQUEN ~~Y 21,d.131 RAD/ SEC 3 116.2 52 $12

SE~~M: NT 1.

‘lODE NU1B6~ ACOUST IC PRE5~~J~~E

1. — .8661.1.
2 — .8666)

— .86857
1, — .86969
6 — .86645
7 — .8 6867
8 — .86850
9 — .87009

13. — .86 61.5
12 — .86885
13 — .86675
16 — .2750 3

— .275 1.5
1.8 — .2751.4
19 — .2777 4
21 — . 27 5 0 6
22 — .2 7 55 2
23 — .27 58j
2’- — .27756
26 — .27529
27 — .27512

• 2 8 — .27 1 .49
31 .69832
32 .69 1.63
33 .69325
3~. .6097 6
36. .6 9533
37 .691.52
38 .69335
3-9 .689 52
‘.1 .69508

.695 19
.53 .69572
46 .94781
‘.7 .94741
‘.8 .94697
51 .94782
52 .9.781
53 .94694
56 .91.776
57 .95.777
58 • 94€9ó
61 .2442o
62 .24425

.21.427
67 . 24 42 9
71 .2441.3
72 .21.352
7b — .98723

111

Li 
~~~~~~~~~~~ 2~~ _ _ _ _ _ _ _ _ _ _ _ _  
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~ ------~ - - - - ••- --•-. - - -— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

77 — .98727
81 — . 9 8 7 23
82 — .96732
6€. — .96719
87 - .96736
91 — .08221
92 — .08244
96 — .06222
97 — .0824 1

101 — .08238
102 . — . 38155

• 106 1.0(1.94
107 1.00089
111 1.30 (95.
112 1.00095
116 1.00t 90
117

S EGM ENT 1 L

‘lODE NUMBE~ ACOUST IC FRES J~~E

1 — .860.1.
2 — .86660
3 — .8605 7
1. — .8698 9
6 — .66 84 5
7 — .86867
8 — .86650
9 — .87039

11 — .86845
12 — .8688,
13 — .86875
16 — .27503
17 — .2751.5
18 — .27541.
19
21 — .27806
22 — .27852
23 — .27580
24 — .27756
2o — .27829
27 — .27512
28 — .2 7 4 4 9
31. .69532
32 .69463

• 33 .69325
3.. .68976
36 .6953~
37 .691152
38 .69335
39 .68952
41. .695(8
(.2 .69519
43 .69572
46 .91.761
47
48 .94697
51 •9’782
52 .91.751

112
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. 9 1 . 0 9 .
56 .94.77b

• - 5’? . 94777
58 .91.196
61 .241.26
62 .2’.~~25
6o . 2 4 42 7
67

• 71.
72 .24352
70 — .96723
71 — .98727
81. — . 96 7 2 3
82 — .98) 32
6o — .98719
87 — . 387 36
91, — .06221
92 - — .0 8241.
96 — . 082 2 2
97 — .s.8241,

1C1 — .08238
132 — .08155
106 1.0)094
10? 1.00089
111. 1.03(94
112 1.3(395
116
117 1 .0000 3

2ER O HA ~~MO’IIC P~OOE 3

AL PHPC .1’9
AL PK VC = — . 3 3
ALPHFT • 3.LO

0 . 3 0
A L P H A  • — 3 , 1 4
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HARMONIC 0 MC OE 1.

~RtQUEN Y 287f.611 RAD/SEC ~57.70C H~

SEG(IZNT 1 R

P100E NU’ lB E~ ACOUSTIC ‘~€ S 5 J ~~E

1 .5~~778
2 .58756
3 .58756

• 5 8 7 .3
6 .58778
7 .58762

• 6 .58741
9 . 5 8 7 5 7

11 .5877?
12 .58763
13 .58776
16 — .00690

• 1? — .0009 5
18 — .Qu19 3
19 — .00 070
21 — .0 06 8 9
22 — .00095
23 — .0(0 7 1
2’.
26 — .00671
27 — .0071 8
28 — .00752
31 — .58732
32 — .58749
33 — .5871.8
34 — .58772
36 — .58733
37 — .58758
38 — .56755
39 — .~~8759
1.1 — .5 8735
42 — .5871.2
1.3 — .56715.
1.6 — .1.1116
‘.7 .41162
48 — .1.1335
51 — .41116
52 — .41.183
53 — .1.1360
56 — .4.1135
57 — ..i1.0
58 — .412 57 -
61 .99881
62 .99811’.
66 .99863
67 .99855
Ti .99665.
72 .9981.7
7ó — .53817

114
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-- ---—

77 — .5361 6
81 — .536 1.7
82 — . 5 3 8 1 . 6
8~ — .5380 1
8? — .5396ó
91 — .1.8121
92 — .~~8146

..58122
97 — .48147

101 — .48 136
102 — .5.8033
106 1,00101.
1 7  1.00(9 ’ .
111 1.0010.
112 1.30102
t1-~ 1.0 0100
117 1.00(00

SEGM~ N 1 I L

400E NUl3E~ ACOJSTIC F~ ESsJ~ 6

1. .5877 8
2 .58756
3 .58756
— .38743
6 .58778
7 .58752
o .5 8 74 7
9 ,5 8757

11. .58777
1.2 .58783
13 .58776
to .00099
1? — .JCt9S

18
1-9 — .00(7 0
21 — .3068 9
22 — .00(95
23 — .0067 1
2-. — .0670 6
2b — .00671
27 — .00718
28 — .00 )52

31 — 58732
32 — .54749
33 — .5874 8
3.. — .58772
36 — .58733
37 — .58758
38 — .b8 75~
3.9 — .58759
41 — .56735
42 — .58742
(.3 — .58714
40 — .41116
‘.7 — .41182
48 — .41335
51 — .‘.1116
52 — .41183

115
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53 — .1.1.360
56 —.41135
57 .41140
58 — .41257

• 61. .99881
62 .9984.4
60 .99883
67 .99655
71 . 99864
72 .9981.?
70 — .53817
77 — .53816
81 — .5381.7
82 — .53816
8 — .5360 1
87 — .53906
91 — .48121
92 — .48146
9c — .48122
97 — .118147

101. — .48136
102 — .‘.8033
106 1.00 10’.
10’ 1. 00(94
l i i .  1.00101.
112 1.0010 2
11’~ 1.00100
117 1 .00000

lE~~O H4-UIOILC MUIJE 1.

AL °~1PC = 1 . 3 5
— .1 7

— 3.43
4_ Pt-ISO 1..)..
A LPHA

116
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• HAR MONIC D ‘.002 5

R~QUEN3V ~871.957 RA0/~EC slo.238 HZ

SEGPt NT 1 N

‘.000 MU 1BE~ ACOUSTIC P~ E S~~J~~:

1. — .23375
— .23350

3 — .2335..
.5 — .23275
0 — .23376
7 — .23352

— . 23 34 6
— .23279

11. — .23375
12 — .23363
13 — .23362
16 .10233
1.7 .10 253
18 .1.12 51
19 .10338
21. .10233
22 .10256
23 .10246
2-, .1036’ .
26 .10227
27 .10258
28 .10260
31 .14.249
32 .14291
33 .34353
3.. .14.540
36 .14.251.
37 .14297
38 .~~4.355
39 .11.539
4 1 .14262
‘.2 .1.425’.
4.3 .14203
46 — .08866
‘.7 — .08609

— .0 8 7 3 .
51 — .38866
52 — .0 8814
53 — .06088
50 — .08853
57 — .08 8 5 6
56 - .3875 1
61 — .32376
62 — .32358
66 — .3237 7

— -323 62
7 1. — .32388
72 — .3227 5
7c .ó 7 7 05

117

~ 
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77 .67725
81 .67705
82 .67722

.6771.3
87 .6 7635
91 — .91628
92 — .91619
9t — .91028
97 — .91619

101. — .91633
102 — .91568
136 1.00 06 7
107 1.00068
111 1.00067
112 1.00061
lIt 1.00068 -

1 1 /  - 1.900 C2

SEGME NT 1. L •

NODE NUIBER ACOUSTiC PRESSJ~~

1 — .23375
2 — .23350
3 — .2335 0
I. — .2327~
6 — .2 3 3 7 6
7 - .23352
8 — .2331.6
9 - — .2327 9

11 — .23375
12 — .23363
13 — .23362
lb .i’ 233
17 .10253
18 .10251
19 .10338
21 .16233
22 .1. 25 6
23 .10246
2-. .1036’.
2t .10227
27 - 1 0 2 5 8
28 .11 2,61.
33. .11.i49
32 .14291
33 . 14 .353

.1454 0
36 .11.251
37 .11.297
38 .14355
39 .14.539
‘.1. . 14.262
(.2 .14254
43 .14.209

— .08666
— 47 — .088 09

1.8 .067 04
51 — .08 866
52 .. — .08811.

118
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53 — .08688
Sc — .0885 3
57 — .u 8 8 5 6
58 — .0875 1
61 — .32376
62 — .32358

— .32377
67 .323o2
71. — .32388
7 2  — .32275
16 .67705
77 . 67 7 2 5
81. .67705

82 .67722
86 .67713
87 .67635
91 — .91.628
92 — .91019
90 — .91628
97 — .91619

101 — .91633
102 — .91.568
lO t  1.0105 7
107 1.60068
1.11 1.000 67
112 1.00061.
h o  1.00(68
117 1.0(003

ZERO HA~ H0’4IC MODE 5

ALPiIPC • 2.31
ALPHII C = .~~~
A L P H ~ T =
ALPHSD =
ALPHA =

119
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