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SUMMARY !

24314

Detailed information is presented for using an IBM 709, computer program
which will calculate the response of truncated conical shells to random pressure
excitation such as encountered by spacecraft adapters during & launch trajectory.|

This program was developed in connection with NASA (Langley Research Center) Con-
tract NAS 1-3179.

A normal mode approach is used in the program formulation, with each. mode
represented by a second order linear oscillator. Options are provided for using
either theoretical or experimental vibration modal data. The pressure excitat-
ion is handled by dividing the shell surface into many small areas and either
(1) assuming a different homogeneous pressure over each resulting sub-area, or
(2) using empirically determined pressure co-spectra to integrate the equations

for each sub-area pair. HJT\ or

S
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1. INTRODUCTION

This report is a program manual to be used in conjunction with an IBM 7094
computer program developed by McDonnell Aircraft Corporation for NASA (Langley
Research Center) Contract NAS 1-3179.

The computer program will calculate the response of truncated conical
shells to random pressure excitation induced by aerodynamic turbulence; a typ-
ical application would be the determination of spacecraft adapter response to
buffeting pressures. The computed response functions are the normal coordinate
deflection and acceleration power spectra, and the shell radial deflection and
acceleration power spectra. The integrals of these functions with respect to
frequency are also obtained which gives the associated mean-square responses.,

The detailed response analysis upon which the prorram is based is given
in References 1 and 2, In brief, this analysis consists of a normal mode ap-
proach with each mode represented by a second order linear oscillator. The ex~-
citing pressures are handled by divinding the shell surface into many small
areas and either:

(1) assuming a different homogeneous pressure over each resulting sub-
area (constant correlation assumption).

(2) wusing empirically determined pressure co-spectra and integrating the
equations over each sub-area pair.

Either theoretical or experimental vibration modal data may be used in the
computer program. The modes designated in this report as theoretical are de-
rived in an analysis given in Reference 3 and briefly discussed in Reference 1.
These are basically sine-cosine modes. A more general representation of the
mode shapes is available in the form of a Fourier series. This later represen~
tation may be used for either theoretical or experimental modes.

The size of problem that can be solved (i.e., the number of normal modes
and the number of areas into which the shell can be divided) is limited only by
the core storare of the IBM 7094. At present the program can handle up to 25
normal modes and 112 areas,

Sections 3 and 4 give all necessary information for using the computer
program. Section 3 is arranged such that the basic equations are covered first,
with subsequent discussion of the variables appearing in the ecuations. Der-
ivations associated with details of the program computations are also given in
this section., Section 4 is slanted more toward actual program useage, i.e.,
input of data, program operations, deck set-up, etc.

A detailed table of contents is used herein for the purpose of separating
the information of sections 3 and 4 into semi-outline form. This will enable
the user to more readily obtain desired information.

MAC 231UM (REV 14 JUN 62)
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2. MAIN SYMBOLS

A Sub-area or special matrix defined in text

AR Mode shape coefficient for displacement w

C Power spectrum or co-spectrum depending upon alike or unlike sup-

erscripts

£ Frequency in cycles per second

L Length of shell frustum

M Generalized mass

m Number of longitudinal half-waves of a given mode

n Number of circumferential waves of a given mode

p Pressure

q Normal coordinate

R Auto-correlation function

r Radius of shell

X Coordinate defining distance along cone generator from apex to a

point on shell

t Time

Uc Convection velocity

w Radial displacement

o Streamwise decay rate

o Complement of conical shell half-angle

] Circumferential decay rate

¢ Ratio of damping to critical damping

8 Coordinate defining anrular position on shell

- L/m

T Time shift for auto-correlation or cross-correlation functions

MAC 231UM (REV 14 JUN 62)
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® Radial mode shape
0 Reduced frecuency
w Frenuency in radians per second
Subscripts and Superscripts
A Indicates relationsnip to area
a Indicates response point a
i Indicates mode i
kzl Indicate sub-areas k and [, respectively
N Indicates norialized function
P,Q,W Indicate relationship to pressure, normal coordinate, and deflect-
ion, respectively
Matrix Notation
[ ] Square or Rectangular
NN Diaponal matrix
L | Row matrix
[T Transpose of matrix
NOTE: Double subscripts or superscripts appearing on symbols within a matrix
imply all possible combinations of themselves as they vary from unity
to their maximums. As the subscripts or superscripts vary, they give
the row and column designation within the matrix; the first subscript
or superscript gives the row, and the second gives the column. Thus,
the variability of the subscripts or superscripts is limited by the num-
ber of rows and columns in the matrix.
Miscellaneous Notation
() Parenthesis following a symbol indicates that the symbol is a fun-
tion of those variables appearing within the parenthesis
<> Indicates a time average
Differentiation of a variable with respect to time is indicated by dots over
the variable.

MAC 231UM (REV 14 JUN 62)




MCDONNELL

DATE 30 .Inly 1945 ST. LOUIS, MISSOURI PAGE L
REVISED REPoRT _D (3L
REVISED MODEL

3. ENGINEERING EXPLANATION OF PROGRAM OPERATIONS AND CAPABILITIES

3.1 Basic Equations. - As previously discussed, equations have been derived
in Reference 1 for the response of a truncated conical shell to random pressure
excitation. These equations result in the radial deflection and acceleration
power spectrum of any point”a"on the shell surface. They are programmed on the
IBM 7094 as follows:

Normal Coordinate Deflection Spectra

Céi(f) = (l/ME wi)kbﬁk][cgﬁ(f)]ﬁbézif
(1-(£/£1)2)2 + (2L4(£/£1))°

(1)

Normal Coordinate Acceleration Spectra

Cziii(f) = (ACCEL.)(2m)" £* CeH(£) (2)

NOTE: "ACCEL." is a constant which is input to the computer program in
order that the units of Céi be g°/cps.

Radial Shell Deflection Spectra

c23(¢) = 'i.q)ii cgH(2) | (3)

Radial Shell Acceleration Spectra

2 i1
cg‘f(f) = fq’aicfi (£) (k&)

Mean-Square Normal Coordinate Deflection

<d5(t)> = [ cli(s) ar | (5)

Mean-Square Normal Coordinate Acceleration

<t'i§(t)> = j‘ Céi(f) af = (ACCEL.)(en)’* i gt Céi(f) arf (6)

MAC 231UM (REV 14 JUN 62)
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Mean-Square Radial Deflection
2 2
«w2(t)> = [ c&¥(r) af = TP, <al(t)> (7
i
Mean-Square Radial Acceleration
.2 as 2 2
<Sit(t)> = [ ci?(f) af = i:(bai <47(t)> (8)

£
fi
wy
M3
i
A
by = [ x,0)dAk

Ax
@, |

tcibe)

q)ai

straightforward.

of Equations (5)

The variables in Equations (1) through (8) are defined as follows:

Variable frequency in cycles/sec.
Ith modal frequency in cycles/sec.
Ith modal frequency in radians/sec.
Generalized mass of ith mode
Ratio of damping to critical damping for mode i
Integral over the kth area of the ith mode shape
Row matrix formed as k varies from unity to the total number
of aresas
Matrix of co-spectra of pressures formed as k and‘[ take on

all valueg from unity to the total number of areas. When
k = £, cBU(f) is a power spectrum.

" v

Value of radial mode shape at point a in the ith mode

The determination of the variasbles needed to solve Equations (1) through (L)
is discussed in subsequent sections; once these variables have been determined,
the calculation of the deflection and acceleration spectra is relatively

Equations (5) and (6) are numerically evaluated by use of

trapezoidal integration. Equations (7) and (8) are obtained from the results

and (6).

3.2 Co-Spectrum Matrix. - Information pertaining to the co-spectrum

matrix is divided into the following five sub-sections.

MAC 231yM (REV 14 JUN 62)
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3.2.1 Constant Correlation Assumption. - When utilizing the constant
correlation gassumption discupsed in Reference 1, the pressure co-spectrum
matrix, [C%I?f)] is computed from

sk [\[‘Wﬂ o o) [\/"?Tﬂj (9)

Kl

where [CpN(f)] is a matrix of normalized co-spectra with its kfth element given

by
cilie) = ko) Jc_gk(f) yoblie) (10)

The input of the pressure power spectra, C (f), is relatively simple and
is discussed in sections 3.2.3 and 4.3.10.3.

The normalized pressure co-spectrum information is input to the computer
program in tabular form. Use of a straightyforward approach would require the
input of one table for each element of [C £)]. With 112 the maximum order of
the normalized co-spectrum matrix, this approach is impossible both from a human
capability standpoint and from core storage limitations. To circumvent this
problem, assumptions have been made which allow the computer program to form the
normalized co-spectrum matrix from a limited amount of input datse; i.e., the
normalized co-spectrum matrix is expanded from a relatively small input matrix.
Depending on the assumptions one wishes to make, the normalized co-spectrum
matrix can be formed by either of two methods denoted Form One Expansion and
Form Two Expansion, respectively.

The basic assumption involved with the Form One Expansion is that the
normalized pressure co-spectra are independent of the shell coordinates (x and
8), but depend only on the increments Ax and M. The Form Two Expansion
assumes that the normalized pressure co-spectra are independent of ©, but
in contrast to Form One, they do depend upon longitudinal position x; thus, the
co-spectra depend upon x and M. The intricacies of these methods are covered
in the jexplanations which follow. In these explanations, the subscript "p"
in [ckﬁ( f)] can be dropped without loss of clarity if it-is remembered that
the dlscussions are concerned with pressure co-spectra only.

3.2.1.1 Form One Expsnsion = The Form One Expansion assumes that there ex-

ists circumferential correlation between three adjacent strips. Since the cir-
cumferential correlation is s mmetric, ri~ht or left, onl’ two strips (columns)
are renuired for input, i.,e., the correlation between areas laand 5 is identical
to the correlation between areas 1 end 57. The nwaber of sub-areas over wnich
taere is anpreciable correlation longitudinally is indicated by the crosshatched
section shown as an example case in rirure 3.2.1.1-1l. Extension to tae general
case is strai~htforward. It should be noted that the size of crosshatched sec-
tion is assumed to be independent of vosition on the frustum. In other words,
the crosshatched section could nave been shown anywhere on the frustum as long
as it covers three areas longitudinally and two sreas circumferentially. Since
the normalized co-spectra are input. only for tae sub-areas in the crosshatched
section, the input information will be explained as if areas 1, 2, 3, 5, 6 and 7

are included in the crosshatched section, as shown. It is required that the nor-

MAC 231UM (REV 14 JUN 62)
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Truncated Conical Shell with Form One Expansion

Figure 3.2.1.1-1
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melized co-spectrum between each area in the crosshatched section and the num—
ber 1 area be input as a co-spectra matrix defined as

811 812
[A] = 8.21 aso
831 832

There is a specific relationship between the location of any element ‘a"with
respect to the 1,1 element in [A] and the physical location of the corresponding
area on the shell with respect to the number 1 area. For instance, a32 is two
rows down and one column over from ajj. Therefore, it is the normalized
co-spectrum between area 1 and the area two rows down and one column over, in
this case area 7. The element a1] would be the normalized co-spectrum of area 1
with itself, which is equal to unity. In terms of the areas in the crosshatched
section, the complete set of elements is as follows:

1,1

ajy = Cy’~ = 1.0 a1p = C372
= ol,2 - ol,6

apy = Oy’ 8op = Oy’
_ ol _ ol

ag) = CNr3 agp = CN:7

The elements of [A] are read into the program by column.
To form the normalized co-spectra matrix for all areas, [Cﬁﬂl, the

programming logic assumes that the noprmslized co-spectra depend only on relative
position between two areas. Thus, Cﬁ is formed under the following assumptions:

o2 = ¢2:3 - Cg,h - 03,6 - Cg,"f - .. 037’5'8 - 0138’59 - C}5;9,60

N
1,32 027 = 27,59
CN CN o o o CN
C%’h = 03’8 = .6 037’60, where C&’h = 0 since, in this example, there

is appreciable correlation over only three
areas longitudinally.

MAC 231UM (RFV ta 1IN 62)
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Cl’s = 05,9 = e e e 0313,57\ 0%157

N N

1, 2,6 _ +6,10 _ 54,58
CN > = CN’ = CN’ = 4 e e CN 7 CN 2’58
’ : : i " 1,60
1,5 . ok,8 2 8,12 56,60, C
cy?? = Cpr° = Cooo N

+

01’6 - 0}3‘,8 - Cg,lz = C§1}16’ etc.

cki6 = o158 - 037,5h - 033:50, ete.

oL,6 - ¢2%9 - 038,55 - cg“’5l, ete.
ol,6 03’60 = 039:56 = C35,52 , etc.

1,7 = 0511 2 09,15 - 13,19 o,
CN’ CN ’ CN N ’

Cl,? = 02’8 = C6’]'2 = 0;0,16’ etc.,

N N N
el T = k99 = ¢35 = 2371, ete.

1,7 _ C5,60 - C;8,56 - Cgh,62

Cx , etce.

Since, in this example, there is appreciable correlation over only three areas
longitudinally and only two areas circumferentially, the program would use a
zero co-spectrum between any areas separated either ongitudinall by two areas
or circumfeﬂfntially by one area. For instance, C nd Cﬁ: 0=0. In
forming [CE¥] advantage is taken of the fact that k = C

The size of the crosshatched section and the number of longitudinal areas
are ldentified by the following input parameters:

KL - number of longitudinal areas

KC =~ number of longitudinal areas over which there is appreciable correlation
KK ~ number of circumferential areas over which there is appreciable
correlation

MAC 231UM (RFV 12 11N A21)
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3.2.1.2 Form Two Expansion. - Figure 3.2.1l.2-1 shows a truncated conical
shell divided for illustrative purposes into four sections along x and fifteen
sections circumferentially. The Form Two Expansion assumes that the correlation
between areas in a longitudinal strip is the same for all strips, and correlation
between any two areas not in the same strip is zero. Thus, if the co-spectra for
the first four areas are input, the program can use this information for the'
other fourteen strips. The following matrix of co-spectra contains all necessary
information for the first strip:

. 1
1 cé,a c§,3 cé,“
cl,2 1 c§,3 Cﬁ’h .
. 3 2,3 sl " (r] (11)
CN’ CN’ 1l CN’
1,4 2,4 37h
_CN, CN’ CN 1

The matrix of normalized co-spectra has been defined as [ ' ] for convenience.
The superscripts correspond to the areas in the first strip. Since [I'] is
symmetric and all diagonal terms equal unity, only the elements to the right of
the diagonal are input. The order of input is by row, i.e.,

4
cl2, o3, c§’“, c§’3, cﬁ’“, c3r* .

Based on the assumptions of the Form Two Expansion, the total [Cﬁlh is
formed in terms of [ '] as follows:

- -

kfy _
[cN ] = . (12)

where the circled numbers indicate the longitudinal strips.

The number of longitudinal areas is given by KL. KC and KK have no meaning
in Form Two.

3.2.2 Empirically Determined Correlation. - Empirically determined correla-
tion is incorporated in the response equations by analytically describing the
pressure co-spectra over the shell surface and subsequently performing the
required integrations for each area and pair of areas into which the shell is
subdivided. This approach is given detailed treatment in the appendix of
Reference 1.

MAC 231yUM (REV 14 JUN 62)
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The effect of fhis approach on the computation scheme is to require the
calculation of [Cﬁ f)] for substitution into Equation (9) rather than inputting
tables as is done with the constant correlation essumption method. As is the
case with this latter method, however, the normalized co-spect?a are not required
for every pair of areas; i.e., all possible combinations of Cﬁ (f) need not be
calculated. Instead, it is necessary to calculate only the elements of [A] or
[T] which are required input when using the constant correlation assumption
method. It is also possible to calculate specified elements of [A] and [I] and
to use input tables for the unspecified elements.

The analytical expression used for the normalized co-spectra is based on the

assumption of a convected decaying pressure field. This results in the following
equation:

Cy(E,m,£) = e @5

e P cos 0 (13)
where:

£ = Ax , streamwise separation distance

M =r M, circumferential separation

a = streamwise decay rate
B = circumferential decay rate
Q= enfé , reduced frequency

c
U, = streamwise convection velocity

The integration of Equation (13) for a particular pair of sub-areas
results in

xfo oy 1 2 _ .27,
W = Ty s A? (L) - o)

[e'kQ’g cos kK QO + e-(k-2)at cos(k-2)Q-2e'(k‘l)agcos(k-l)OJ

+ 5kf§Q(ea§-e-ag)sin Q}{e'an + e'([‘g)sq-ee‘(['l)°”} (1b)
where
bg, =1 if k=1
by =0 if k#1
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As used in Equation (14), the superscripts k and £ refer to area position longi-
tudinally (streamwise) and circumferentially, respectively. Thus, they have the
same meaning as the row and column designation identifying the elements of [A].
The relationship between the calculated normalized co-spectra and the elements of
[I'] is not so straightforward, but this need not concern the reader since the
relationship is handled by special programming.

3.2.2.1 Examples. - In order to clarify the above discussion, the examples
covered in sections 3.2.1.1 and 3.2.1.2 will again be covered with specified
normalized co-spectra to be calculated.

3.2.2.1.1 Form One Expansion. - The method for indicating that a particular
normalized co-spectrum (particular element of [A]) 1s to be calculated consists
of putting 21 on the input card which gives the number of points to be expected
in the table following the aforementioned card. Actual tabular input must be
accomplished with the number of points in the table less than or equal to 20 as
indicated in sections 3.2.4 and 4.3.10.k.

Now for illustrative purposes, assume that the following elements of [A]
are to be calculated: a3), a2}, 812, 822, 832 Assume that it is desired to
input element a3] as a table. The order and manner of input would be:

co-table ele.
co~table ele.
co-table ele.

E - 21 points

(
co-table ele. g

(

)
) - 21 points
) - some specified no. of points less than 21
) - 21 points
co-table ele. )
co-table ele. )

- 21 points
- 21 points

-

3.2.2.1.2 Form Two Expansion. - Aﬁsume that the following required elements
of [I] are to be calculated: 0%73, C%: s Cs:h. This leaves the elements
C%’2, C§’3 and Cﬁ’h to be input by tables. The order and manner of input would be:

o -table ele. (2,
co-table ele. (2,
co-table ele. (3,k

less than 21 points
less than 21 points
21 points

co-table ele. (1,2) - less than 21 points
co-table ele. (1,3) - 21 points
co-table ele. (1,4) - 21 points
2,3
L

N N N et i “o”
]

As previously mentioned, the computer program will automatically pick the
correct k and ¢ to be used in Equation (1k); however, the input order must be as
given above.

3.2.2.2 Required Input.~ When using either of the methods discussed in
sections 3.2.2.1.1 and 3.2.2.1.2, the following information with the appropriate
units is required:
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Input Units
o, streamwise decay rate in,-1
By circumferential decay rate in.-1

Average size (length) of sub-area in

longitudinal direction in.
Average size (width of sub-area in

circumferential direction in.
Ue, convection velocity ft.sec.™l

In addition to the above, KL, KC, and KK are required and have the same
meanings as when used with the constant correlation assumption methods.

3.2.3 Power Spectra Input. - Regardless of which form of normalized co-
spectra input is utilized, there are three possible options concerning power
spectra input. These options are the following:

(1) Input only one power spectrum table, which is used for the complete
shell.

(2) Input a power spectrum table for each area in one strip into which the
shell has been divided.

(3) Input a power spectrum table for each asrea into which the shell has
been divided.

The first option assumes a homogeneous distribution over the complete shell.
The second option assumes circular symmetry for the pressure distribution; i.e.,
the input for a single strip is used for all strips. The third option allows
for the power spectrum to vary from area-to-area circumferentially as well as
longitudinally. This latter condition is representative of the situation
encountered by spacecraft adapters for non-zero angle of attack. When it is
used, one is, in effect, assuming that only the magnitude of the exciting pressure
is changed by angle of attack, with the correlation (normalized co-spectra)
remaining unaffected. This assumption is shown to be fairly reasonable by the
data presented in References U4 and 5.

3.2.4 Spectra Tables. - The spectra tables are restricted to twenty points
each. The first frequency in the table must be equal to or less than the smallest
calculating frequency. The largest calculating frequency must be exceeded of
equalled by the largest frequency in the table. The frequencies in each table are
independent of the frequencies in any other table. Thus, different sets of
frequencies may be used for each table if desired.
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When scaled model wind tunnel tests provide the spectral data, as is usually
the case, it is necessary to multiply the model frequencies and power spectrum
levels by appropriate constants in order to convert the data to full scale. As
a convenience, provisions have been made in the computer program to multiply the
frequencies of all tables (both power spectra and normalized co-spectra) and
the power spectrum levels by input constants. This is not an option, i.e.,
constants must always be input. Thus, if it is not desired to scale the fre-
quencies and power spectrum levels, the constants must be input as unity.

3.2.5 Mathematical Definition of Power Spectra. - The power spectrum levels
are defined such that the area under a power spectrum curve gives the mean-square
value. Mathematically,

C%k(f) =L I cos (2nfrt) R:k(T) ar

where ng(f) is an auto-correlation function.

3.3 Calculation of [¢9]T. - The row matrices ldikj and lqﬁlj appearing
in Equation (1) make up the rows of & matrix defined as [¢f)T. That is,

[ Laf, ]
[Q’A]T = lékj

‘A
Loy, |

L. ol

Note that k and [ can be used interchangeably since, when used inside a matrix,
each varies from one to the total Rumber of areas into which the shell has been
subdivided. The kth element of l¢&kl is the integral over the kth area of the
ith mode shape and can be written as

A
Pix = r ¢i(x)9) aAy (15)
By
where q&(x,G) is the ith mode radial deflection of a truncated conical shell.

3.3.1 Theoretical Modes - The mode shape ¢;(x,0) is given in Reference 1
for a theoretical set of modes and has the form

n
mi

X=X
¢3(x,9) = A x cos (@) sin Amil cos(niO) (16)
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The variables in Equation (16) are defined as follows:

AQ; - Awmplitude factor of ith mode

b'4 - As shown in Figure 3.3.1-1
@ = As shown in Figure 3.3.1-1
X3 - As shown in Figure 3.3.1-1
Mpy = L/mym

L - Length of frustum, xp - X1
my = Number of longitudinal half-waves
ny = Number of circumferential waves

In order to determine dﬁ Equation (16) is used to substitute for ¢y(x,0) in
Equation (15) and Ay is put in a more definitive form. This results in

xu+l 9V+l x..xl
¢3k = An cos () f r x sin (X )cos(ny0)r(x)dedx (17)
Xu bv 4

The variables Xy, Xu+ls Oy, Syv4+1 define the limits associated with A, (see
Figure 3.3.1-1). Substitution of r(x) = x cos (@) in Equation (17) gives

Xyu+l v+l XX
& = AR cos® (@) [ x° sin ( l) cos(ny6)dedax (18)
ik my o p xmi
Xu v
The integral of Equation (18) is given by
x X2 1 Xyl x2 x
A = .3 1 u+ U+t u u
=B A2, cos ( ) -( cos (s=—) - —5— cos ("‘))

Amg i

Xu+l Xusl, *u Xu Xu+l Xy
Q(Xmi sin (mi—) - — sin (m-)) + 2(cos()\mi )-cos(m—i-))

2 \
-3 "31 i ( ) (xu+l <in (xu+l) i _’:_ug__ sin (,"2_.)

mi

X Xut+l Xy *Xu Xu+l . Xu
e 2R con G - 2 con ) 2 (o1n (RpD)- iy I
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Truncated Conical Shell Theoretical Modal Representation

r(x)

l

Section of Frustum

Figure 3.3.1-1
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where:
- 1 (,n 2 s
B = o Am; cos (®)) (sin(ng Oy41) - sin(ng8,)} , nyj # O

-é = (Agi 0032 (a))(ev.'.l - QV)’ ni =0

Equations (19) and (20) are solved for each area into which the shell is

The areas are numbered as shown in Figures 3.2.1.1-1 and 3.2.1.2-1. The area
numbers correspond to k in [Qék] which is the ith row of [@*]T. The example
configuration shown in Figures 3.2.1.1-1 and 3.2.1.2-1 is for four equal
divisions along x and fifteen equal divisions circumferentially; however, the
user would specify the number of divisions for an actual problem, subject to
the limitations given in section 4.3.6.1.

except a double Fourier series instead of Equation (16) is used for ¢&(x,e).
Referring to Figure 3.3.2-1, the double Fourier series in terms of X and © is

- 804 myT _ myT o Coj
1(x,0) = 3—5- + g (ami cos(—f' X)+ bpy sianE' x> =
+ E (Cni cos(ny0)+ dny sin(nieg
where,
X - Coordinate defining longitudinal distance along part of shell to
be analyzed
L - Length of shell frustum to be analyzed
x - Coordinate to which Fourier series is referencéd
i - Length over which Fourier series is defined
v - Distance between x and x(x-x = v), positive as shown in
Figure 3.3.2-1
mi - Number of longitudinal half-waves
ng - Number of circumferential waves

apy - Coefficient for cosine terms of longitudinal series

(20)

subdivided. The order in which the areas are covered follows a specific sequence.

3.3.2 rier Series Modesgs. - When using a Fourier series modal represen-
tation, [¢A] is formed in a manner similar to that used with theoretical modes,

(21)
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Truncated Conical Shell Fourier Series Modal Representation

Mode shape

Figure 3.3.2-1
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bpy - Coefficient for sine terms of longitudinal series
Cny - Coefficient for cosine terms of circumferential series
- Coefficient for sine terms of circumferential series

Substituting X=X+ y into Equation (21) and simplifying gives

®4(s,0) =

804 myT miT
— +L [ami (cos(-—-- x) cos(r‘%- v) -sin(ﬁn-_i:g x) Sil'l("ta_i'.'f'r Y)
m T L L L

mym mym myTm mim
+ by (Sin(—f— x) cos(? y)+cos("L:" x)sin("%:‘ y)):“O

C
;-—2—3 + E[cni cos(ni®) + dny sin(nie)]s (22)

Writing Equation (22) in a simpler manner and substituting into Equation (15)
results in

Xu+l Ov+l 8oy _ wym _ mym Coy
= — 4 —_ —_— —_— 4
Q?_k %[ 5 T\ emny cos( T x)+ bpy sin( = x) >
*Xu v m
1
b} .(Cni cos(ny0)+ dny sin(nie)Jr(x)dde (23)
n
where
— miTl' min
apy = 8py COS (_f- YH by sin(? Y) (24)
= mim ot
bmi = -ap; sin(""i:" Y)+ bmy cos( T v) (25)

Assuming that r( x) can be approximated satisfactorily by the average radius of
the crosshatched section, rgy, the integration indicated in Equation (23) gives
the following result: '
A _ Fav L (2o4™
ik = T

1 (= ( mym myT
(Xy41 = Xy) + T my |%mg \sin ("'L-'-"" Xy+l) - sin ('E- Xy)
m

—

| 2L

mi T Coq,
- T)'mi (COS (P% xu+1) - COS (—f_ xu))] 3‘—2— (6y+1 - Qv)

-|; T -nli- [cni (s in(ny0441) - sin( nio,,)) - dng (COS( ny0y41) =cos( niOV))]s (26)
n
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Assuming that the section of frustum to be analyzed is divided into equal
segments longitudinally and circumferentially, i.e., Xy41 - Xy = &X and
Oy+l - Ov = M0, Equation (26) can be written as

A Tay L ‘aoi m 1 |- mym mym
= - in (—= - -
Py p- lf Ax+§mi amg ﬂmisn(Lxu)+vmicos(Lxu)

_ min e foor
- by (g cos(f Xu) = Vmy sin(i- Xy) l 2 +

r
1

z H; ILcni (“ni sin(ni6y) + Vny cos(niev))

n

- dng (""ni cos(ni®y) - Vny Sin(nj_Ov)>] } (27)
where
Mmy =[cos (E%—_T-T- Ax)]- 1 (28)
miTT .
vy = sin (- ) ‘ (29)
Hng =|:cos(niA0) ]— 1 (30)
vny = sin(n;8) (31)

Equations (24), (25), and (27) through (31) are solved for each area into which
the shell has been divided. The order in which the areas are covered follows
the same sequence as given for the theoretical modes.

3.4 Deflection and Acceleration Calculations - From Equation (3) of
section 3.1, it can be seen that the response deflection calculation requires
i for all combinations of a and i.
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3.4.1 Theoretical Modes. - It will be shown in this section how ¢§i is
related to the theoretical modes given in Reference 1. The equation for the ith
radial mode, as written in Reference 1, is

X=X
i(x,0), = Agi x cos (@) sin (Xmil) cos(n490) (32)

The subscript "c" indicates cosine mode. To obtain a completely general solution,
a sine mode in 9 must also be included in the analysis. The equation for this
mode is

q&(x,e)s = Agi x cos (@) sin (i;:l) sin(ni®) (33)

With both these modes included in the analysis, the deflection response is
glven as

c8(z) = ? 45 (xq,0,) ¢ céi(f) + ¢8(xq,05) g caie) (34)

where Céé(f) and Céz(f) are the normal coordinate power spectra for the ith
cosine mode and ith sine mode, respectively.

In order to write Equation (3L4), it is necessary to neglect all cross
terms between the normal coordinate responses (normal coordinate co-spectra) in the
same manner as is done in Reference 1. Computer studies have indicated this to be
a valid assumption, even for the co-spectrum between a sine and cosine pair of
modes having the same modal frequencies. These co-spectra have been found to be
several ordirs of magnitude less than the associated normal coordinsaste power

spectra, Cg. and C&i A further result of the above computer studies is that,

for all practical purposes, Cq and Céé are equal. These findings are for a

symmetric pressure excitation, however, and are not valid for non-symmetric
excitation.

Equation (34) is simplified and the amount of computation substantially
reduced if it is assumed that Ci Cqg+ Thus, Equation (34) is written

c2(f) = & (cpﬁ(xa,oa)c + qﬁ(xa,oa)s) cgi(s) (35)
i

By setting

<¢§(xa:ea)c + ‘P%(xa)ea)s)= 4’21
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Equation (35) becomes Equation (3). Substituting Equations (32) and (33) into
the above expression for i results in

2 n \2 . 2 Xe X1
oy (Ami Xg COS (a)) sin® ( Moy ) (36)
/
The above equation is used to determine the required ¢§i' The values of x
at which the responses are desired are input to the computer program. The

calculated deflection and acceleration response spectra are printed out in the
same order as the x's are read in.

It should be noted that the assumption used to write Equation (35), i.e.,
C&i = Céi, cannot be used with the third power spectrum input option covered

in section 3.2.3.

34 .2 Fourier Series Modes. - When using a Fourier series modal represen=-
tation, the values of qﬁ are read directly into the computer program. They are
stored in a matrix designated [¢?]T and are arranged in this matrix as follows:
2 2 2 ]
m %lcon%l

2 2 2
[¢F)T = | @2 P22 - - - B2

%1 U

-

Thus, each row of the above matrix gives the modal deflections squared of a
particular mode.

As is the case with theoretical modes, the response spectra are printed
out in the same order as the ¢§i are input.

3.5 Input of Generalized Masses, Modal Damping, and Modal Frequencies. -

The generalized masses, modal dampingTratios, and modal frequencies are input

in the same order as the rows of [qﬁ] « In other words, the ith input generalized
mass, damping ratio, and frequency ere related to the ith row of [¢*]T.

3.6 Calculation Frequéncies.- The calculating frequencies are best

explained by an example. Let a set of calculating frequencies be given by the
following:
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Calculation Calculation No. of Calculations
Frequency Interval —No. of Printouts
50. 2. 1.
€0. 3. 1.
700 lo 20
81.

Between 50 and 60 cps, the program will calculate every 2 cps and printout each
time it calculates. Between 60 and 70 cps, the program will calculate and
printout 63, 66, 69 and 70 cps. Between 70 and 81 cps, the program will
calculate every 1 cps and printout at 72, Tk, 76, 68, 80 and 81 cps.

In addition to the above frequencies, the program also calculates and
prints out at each of the modal frequencies.

3.7 Units. - In addition to the specific units required in section 3.2.2,
the modal frequencies fi must be input with units of cycles/sec. Also when
using theoretical modes, o is always input in degrees.

Any consistent set of units may be used for the other input variables;
a possible set is as follows:

Input Units
ckk(f) (1b/in)2/cps
[¢ﬁ]T in®
[q?]T Dimensionless
My 1b.sec?/in.
Output Units
Normal Coordinate Deflection in2/cps
Spectra
Normal Coordinate Acceleration (in/sec?)2/cps with
Spectra ACCEL. = 1.0
g2/cps with ACCEL. = 1/386
Radial Shell Deflection Spectra in?/cps
Radial Shell Acceleration (in/sec®)2/cps with
ACCEL., = 1.0

g2/cps with ACCEL. = 1/386
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There may be some confusion about the elements of [q@]T having no units.
This is because of the x in Equations (32) and (33), which apparently gives
d5i units of inches®. It should be recognized, however, that the x, as used in
these equations, is a mode shape modifying factor only. Another possible
modifying factor, which would not cause confusion, would be ehX, This latter
factor is obviously dimensionless, although it does depend on x.
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4, COMPUTATIONAL PROCEDURES AND DETAILED PROGRAM INFORMATION

4,1 General Program Discussion. - The Deflection and Acceleration Response
Calculation Digital Computer Program (DARC) will calculate the random response

of the frustum of a moderately tapered conical shell, or section of & cylinder,
subjected to random pressure excitation.

4L.1.1 Language. - This program was originally written in FORTRAN II and
later converted to FORTRAN IV, This write-up pertains only to the FORTRAN IV
version.

4.1.2 Operations. - The program requires only standard input-output tapes
with no special setup. The operating system is IBSYS., See section 4.4

4,1.3 Size. - The program is too large for an in-core program so the overlay
feature of IBSYS is used to overcame this difficulty. The program is divided
into three links, with each link being called once per data case.

4.1.4 Options. - The program allows the user the option of calculating the
basgic data or inputing the dats directly. Also,optional input features are
available., Following 18 a brief list of these options.

k.1.k.1 Optional [PA] T, . Three methods are allowed and they are as follows:
(a) Input,

(b) Celculated using theoretical modes,
(e) Calculated using Fourier Series modes.

4.1.4.2 oOptional [¢* T, - Two methods are allowed and they are as follows:

(8.) Input,
(b) Calculated using theoretical modes.

4,1.4.3 Optional Power Spectrum Input. - Three methods are allowed and they
are as follows:

(a) One PSP for each area in strip of shell,
(b) One PSD for complete shell (homogenous pressure),
(c) One PSD for each area of shell (angle-of-attack).

L,1.4.4 Optional Co-Spectrum Input. - Two methods are allowed and they are
as follows: :

(a) Form one., See section 4.3.10.4
(b) Form two. See section 4.3.10.L

4,1.5 Subroutines. - A brief description of the various subroutines and
links used by DARC are given in the following paragraphs.
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4,1.5.1 TLU2, Linear Interpolation. - This routine calculates an f(x) for
X by a linear interpolation. No extrapolation will be made. If x is out of the

iange of the x values in the table an error indicator will be set. See section
.6.3

4.1.5.2 DPRT, Prints Diagonal Matrix. - This routine prints-a diagonal
matrix as & row with proper identification. See section L.6.4

4.1.5.3 DTRM, Calculates Results of Row Matrix Product. - This routine
performs only those matrix operations necessary to determine the resulting
elements of a row matrix times a rectangular matrix. See section 4.6.5.

L.1.5.4 EXPANC, Co-Spectra Expansion. - This routine expands the basic C
matrix to be used in the form two expansion. See section 4.6.2

4.1.5.5 Main Program Link. - This link is used to call the necessary overlay
links, See section L4.6.1

4.1.5.6 PART 1, Overlay Link 1. - This link is the first link called by the
main program. The [pA T, the $*|T, the integral of the © function, and the
integral of the X funcfion are calculated in this routine. See section 4.6.6

4,1.5.7 FHALF, Overlay Link 2. - This link is the second link called by the
main program. It prints the matrices that are to be used (input or calculated)
and reads in more tables for PSD and Co-Spectrum values. See section L4.6.7

4.1,5.8 SHALF, Overlay Link 3. - This link is the third link called by the
main program. The program cycles and calculates: Normal Coordinate Deflection
Power Spectra, Normal Coordinate Acceleration Power Spectra, Shell Radial
Deflection Power Spectra, Shell Radial Acceleration Power Spectra, Mean-Square
Normal Coordinate Deflection, Mean-Square Normal Coordinate Acceleration, Mean-
Square Radial Deflection, and Mean-Square Radial Acceleration. This routine
calls: TIU2, DPRT, DTRM, and EXPANC subroutines. See section 4.6.8
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4.2 General Program Flowcharts. - A condensed description of the entire
flow of the program has been charted and is identified as Figure 4.2-1. It

consists of 9 pages and contains many word descriptions rather than detailed
equations.
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GENERAL FIOW CHART
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Figure 4.2-1
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GENERAL FIOW CHART (CONTINUED)
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Figure 4.2-1 (Continued)
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REPORT B731

MODEL

GENERAL FLOW CHART (CONTINUED)

READ ’34\7&,%5#» IN t:i‘;(“,té‘]f oALe

CARD PNE g}
COMPLEMN ENT oF CONE ANGLE.
CARD TW O
MUMBRR OF ANODES

CARD THREE —w # oF motes » 3
B LoVE HIFWAIES
® oRcum. WAVE °
RADIAL MODE (OEFFZCZENT®

O/ )
sWNELE
_ Mz W OF HI00ES
CARO 93 ,
DISTANCE BETWERN ASLPEX MO SMALLER
SECTIol OF FRUSTJAM

DISTYANCE RETWEEN APEX AVD LAGr
SE€CTioN OF FRESTUM

READ 0ATA Foq [#AT7,CHECK 5 AND PRINT
CARD ONE | |
_ NUMBER OF ToTAt SORFACE AREAS
CAQRD YTwWo
MUMBER oF RADIN. DrvISlovs
NUN\BER oF CIRCUN. DIVISTONS

CALCLCATE BASIC PARAMETE R

Figure &.2-1 (Continued)
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REVISED

MODEL

GENERAL FLOW CHART (CONTINUED)

READ DATH 70 CHAECK CHLCULA7ZoH'S OF
CL#*] ANO PRINT

CARD oNE ‘
NUNBER OF ACCELERAT/ON RESPONSE Ao/nTS

CARD TWO ,THREE, +
(D =TRNCE BETWEEN gPEx VO fovwy on FRETIN):
LTV B oFMoELENTEW AETONSE FF.
e ITEMS FPER CARD

Figure k4,21 (Continued)
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GENERAL FIOW CHART (COWTINUED)

cpec, S OF FHNETS  cunCrion

' -

ctsc. S oF A Bawxcrion

Y

cozc. T 417

Figure §.2-1 (Continued)
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READ CEATT MATR/» DATA
CARD oONE

P i

GENERAL FLOW CHART (CONTINUED)

AUMBER OF HICOES
TOTHL AVUMBEL OF SYRFACE AEHS
IO FoR MmMA7L Ik
CALD TWO , THREE FOUR, 1«4
[& AT ; i
wieee i: 52 .. BOE SURFACE AREAS
AT/ 2;10' o oF MPOLES

PRINT [QAJ" /MATRT R

V.4

READ [ $2JT MATRIX pATA
CARD oNE
NUMBER OF #aOES
TOTHE NUMEEE OF RESPINSE MINTS
ZO ForR maréix
CARD TWO, THREE, FOUR, .1 .
[(P217¢ i

WHERE {=/,2,... & @F RESPONSE PT.
(21,2

‘wﬂ‘ Sikce

-

y

PRINT [ #97T MATRIX

Figure k.2-1 (Continued)
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35

GENERAL FIOW CHARY [CONTINUEDY
REIOD INRIT SPECTRUM DETH AVD /NPT
CARD oVE
PSSO INVAUT caxf&
CO-SPECTRLM EXRINVSIOV CODE
EMPIRICAL CO-SPECTRA LGN CAec. cooe&
SCAYE LU ST e
SCAcE FtcTén SV PsbOs ONLY
CAR0 Twe .
VUMBER OF LoE. A2e#S , KL

1 LNVS. AREANS it
kil ‘:a/% aﬂﬂc%fktt,fag ;&f X

@~

-

NUMBER QE cIRCUMFECENTIAL. AREAS, KX

REAL EMPIRICAL CP-SPECTRA CALL. DRATA

CARD ONE
DELRY FRTE I LoVG, PIeECT/on

DECAY RATE IN L/@C. DIRECTIEN
AVERAGE S)BE& OF /90€4 (Lowve.)
AVERASE ST oF ARES (CMC: )
LOVVECTION VELOCITY

Fisure 4, 2-1(Continued)
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GENERAL FLOW CHART (oomum_)
W"* p

®-

Re4d PsD . bh‘m Am PRINY :
MW O FAMES N FRLOWIvE Airreey
WHEHE wx 4, IF PRSD Qo2€E &)

| WLE WO LAV SPENS, TF PED M2 Z
Ay & Armw:ff&b =3
oD avE

mmwe ﬁecémev)
WSS Jo/)-oMPE /v 7484
A AU UAES Pl ma
pso i‘.'a&," AU e fﬁk
WHERE 2w )= p fr n 74&: o
AT FoUR vALvES PER AR D
READ Cp-S/BCTHMN DITH MDD WNT
MW FF TABLES /W RULOWING MTTERN
WHERE m = AKX KXC ,FPRM L
(UPPER TRIAMSLE. $F MATRIX IS
DISCuSSED IN MR m:re-uf)
AP0 oNE ;
CARD TWO, THREE, ..\ K
(rubszﬂbavT VAR/ARLE - ﬁemucv)-
WHERE S /=e W IN ‘mtu a
- cARY Kab a2, M. :
(mmmw-sfmm mm);,,..,
WHBRE Oz 1o $PT. /N TARLE

dMo KoL) AP, con P
~m = AL *(A‘l-.f.)/z Forrm2
 NUMBER O©OF POINTS m ‘msL:
AT Fou R VALUES PER cM.b
AT FouR VALUES PER cARD

Figurs k.2-1 (Continued)
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37

REPORT B731

MODEL

GENERAL FLOW CHART (CONCLUDED)

REA® Normar Mebe Mﬂm AVO ARINT
CARDL oNE ! '
NUMBER oF mooES

R M(

CA on s o atbamenees 4,
cmwnu m.c CENGRICIZED MIS3)p
(Mormac MODE DAMPING So & ~i7csevrs)y

(Vormae movk rrequEvEY)S
WNBRE o), & oF MRAMETESS

|

INEYTLALLRE FREQUEBNCY CYELE

—

EXPANSIoN OF AESSURE CO-SPECTAUM MATR TA

]

MAKE AATRIK SYMMETQR/IC

T

CARLLULATE @R ODIAGONAL MNARTRIX

!

CRLLLHLATE ANVO PRINT THE SPECIEIX/
ROANTITLE S

1) NERYNE COOR!IONITE DEMECTION SPECTAN
2) NORMAL COORIDNATE ACCECLRATION SpECTRA
8) SHELL RALIAL DRFiECTen spPECTRA

L) SNELC RABIAL ACCECERATION SPECTRA

K]

PREFoem crw~reGRATION

|

CALEMATE W#EW FREQUENCY

PRINT
INTEGRATE D

L WALUES |

Figure k,2-1 (Concluded)

_.@
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4.3 Input Data Description. - Even though the DARC program deals with
symmetrical pressures, it still requires a great deal of input data to adequately
describe the problem. Herein is a detailed account of the formats required, the
order of the data, and the numerical forms necessary.

4,3.1 Case Header Card. - Figure 4,3.1-1 shows the header card for each
case. The case number is a fixed point integer and the case identification may be
any alpha-numeric character desired.

4.3.2 Frequency Data. - Figure 4.3.1-1 also shows the format for inputing

the calculation frequency data. First is a card specifying the number of cards to
follow (input number must be fixed point). Second, then, is the set of frequency
data cards. The maximum number of frequency data cards if 50. The values must
be in floating point notation.

4.3.3 Matrix Control Card. - Figure 4.3.1-1 also shows the control card for
determining [®A] T and ®*]T . A value of one indicates direct input. Two
indicates that thé respective matrix is to be calculated using theoretical modes.
Three indicates that cIDA] T is to be calculated using Fourier Series modes.
Three is not valid for [q;z T . In addition a scale factor for multiplying the
acceleration response function is included. This number must be floating point.
An ID, or matrix comment, may also be input.
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CASE HEADER CARD
1
L 1 111 R x,
Nogm/ —_— ———— ]
Case lo. Case Identification
FREQUENCY DATA CARDS
19
L iil d
No. of Frequency Data Cards
[} w1 20 4i 45
— — ~ [N Y_\—/'
Calculation Calculation No. Calculationsf/No. Printouts
Frequencies Intervals
MATRIX CONTROL CARD
L MV 2223 7
[ ¢ ~— 2 — —
Code Code  (Accel) Matrix
Eﬁ$qTbejT Scale Comments
Factor

Figure 4.3,1-1
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AT
4.3.4 Calculation of [4’ } By Fourier Series. - If the code specified is
a three, then the set of data described in Figure L4.3.L4-1 must be included.
Otherwise this portion must be omitted.

4.3.4.1 Fourier Series Basic Data. - In Figure 4.3.4-1 the first card
contains two fixed point integers denoting divisions of the frustum or cylinder
and four floating point parameters. Card two contains the number of modes
(maximum of 25). Following this, then, is a dual set of coefficients for each

mode. They are described in the following paragraphs. The longitudinal
coefficients are always first.

4.3.4.2 Longitudinal Coefficients. - In Figure 4.3.4-1, under Longitudinal
Coefficients, the first card contains a fixed point integer denoting the nunber
of coefficients for the longitudinel series. The meximum number of coefficients
is 31. Following this is a set of cards containing the coefficients with the

first card containing Rg. The coefficlents relating to the Fourier Series are
defined in Equation 21, Section 3.3.2.

4.3.4.3 Circumferential Coefficients. - In Figure L4.3.4-1, under Circumfer-
ential Coefficients, the first card contains a fixed point integer denoting the
nunber of coefficients for the circumferential series. The maximum here, too, is
31. Following this is a set of cards containing the coefficlents with the first
card containing Rg. The coefficients relating to the Fourler Series are defined
in Equation 21, Section 3.3.2.
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FOURIER SERIES BASIC DATA
— l71 qulf l' zl |" fal:;/ 45.[ + ‘0L6/ 5
; | Average Radius Length of Origin of Mode Length of
Iy of Frustum or Frustum or Shape less Mode Shapes
: 3 Cylinder Cylinder Origin of
P Frustum or
% ! Cylinder
P! (Must be positive)
by
' No. of Longitudinal Divisions
ﬁo. of Circumferential Divisions
{ l’,l l7l i
[
No. of Modes
LONGITUDINAL COEFFICIENTS
A Ay .
L~
No. of Coefficients
i 15516 50,38 t Ly
\-,,—~\Y,——___./ —_——— \\‘____\,__\_ﬁ_/
a b m
CIRCUMFERENTIAL COEFFICIENTS
99
A Lid _J
W)
No. of Coefficients
' 5 16 Zoy 3 ) 7
—_— N N/
c a n
(Repeat both Longitudinal and Circumferential Coefficients for each mode).
Figure 4.3.4-1
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4.3.5 Calculation of Either [9A]T or [®*]T By The Theoretical Modes. -
If the code specified for either [$ AT or [ is a two, then the set of

data described in Figure 4.3.5-1 must be included. Otherwise this portion should
be omitted.

4.3.5.1 Theoretical Modes Basic Parameter Card. - In Figure 4.3.5-1, under
Theoretical Modes Basic Parameter Card, a single card is described which denotes
an angular constant,

4.3.5.2 Theoretical Modes Data. - In Figure 4.3.5-1, under Theoretical
Modes Data, the first card contains a fixed point number denoting the number of
data cards to follow. Following it, then, is a set of data cards in floating
point notation. The maximum number of theoretical modes is 25.

4.3.5.3 Distance Parameter Card. - In Figure 4.3.5-1, under Distance
Parameter Card, a single card is described which denotes two floating point
constants. These are used by the Theoretical Modes Option.
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THEORETICAL MODES BASIC PARAMETER CARD
W 15
\_-N——J

a , Complement of the Cone Angle

THEORETICAL MODES DATA

L |1| |q|

[ J
! No. of Theoretical Mode Data Cards

i 10,1 20,2/ 38
} ! Radifl Mode Coefficients (A)
: No. of Longitudinal Half-waves (m)
llo. of Circumferential Full-waves (n)

DISTANCE PARAMETER CARD

Y 15,16 Jo,

—_——
! Distance Between Apex of Cone & Large Diameter
: of Frustum
Distance Between Apex of Cone & Small Diameter of Frustum

Figure L4.3.5-1

MAC 231UM (REV 14 JUN 62)



MCDONNELL

DATE 30 July 1965 ST. LOUIS, MISSOURI PAGE Ly
REVISED REPORT B731
REVISED MODEL

4,3.6 Calculation of [@A]T Using Theoretical Modes. - When the code spec-
ified is a two, then the two data cards described in Figure 4.3.6-1 must be
included. Otherwise this portion should be omitted.

4,3.6.1 Area Parameter Cards. - In Figure 4,3.6-1, under Area Parameter
Cards, the first card contains a fixed point parameter. The maximum value is 112,
The second card contains two parameters in fixed point notation. The product of
the two numbers must equal the number of the first card. In additien to that, the
parameter which defines the number of longitudinal areas is limited to a maximum
of seven.
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AREA PARAMETER CARDS

0 2
L iead

L

Fo. of Surface Areas

)
'
|
i No. of Longitudinal Areas
lio, of Circumferential Areas

MAC 231UM (REV 14 JUN 62)
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T
4.3.7 Calculation of [¢f] Using Theoretical Modes. - When the code spec-
ified is a two, then the set of data cards described in Figure 4.3.7-1 must be
included. Otherwise this portion should be omitted.

4.3.7.1 Acceleration Response Points Desired. - In Figure 4.3.7-1, under
Acceleration Response Points Desired, the first card contains a fixed point
parameter denoting the number of points specified. Following it, then, is a set
of cards containing four floating point values per card. This data represents the
distances measured from the apex. The maximum number of response points is 20.
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ACCELERATION RESPONSE POINTS DESIRED
\0 V2
[ bidd J
“~~
llo. of Acceleration Response Points
15,16 30 3i £ éo

e — ~— T — T —

Fach value is distance measured from the apex.

Figure 4.3.7-1
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4.3.8 Input Bbfrfr « = When the code specified is a one, then the set of

data cards described in Figure 4.3.8-1 must be included. Otherwise this portion
should be omitted.

4.3.8.1 BpﬁdI‘ Data Cards. - In Figure 4,3.8-1, under D@AqT‘Daxa Cards,
the first card contains a pair of fixed point numbers denoting the order of the
matrix to be input. Following it, then, is a set of cards containing four
floating point values per card. The matrix is input rowwise with each row be-
ginning on & new card. The maximum order is (25,112). The elements of each row
equal the number of surface areas. Each row pertains to a different mode.
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nT
[©A] DATA CARDS
. 73
L lql lqllf 1' | -
T
! t--No., of Surface Areas
do. of Modes
13 27.2% 42 43 S/ 5% 72

and each row begins on a new card.

< < ——— N

Matrix values with four elements per card, input rowwise,

Figure 4.3.8-1
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4.3.9 Input |}szr . - When the code specified is a one, then the set of

data cards described in Figure 4.3.9-1 must be included. Otherwise this portion
should be omitted. ,

4.3.9.1 [®*]' Deta cards. - In Figure 4.3.9-1, wder [&*]1 Dpata Cards,
the first card contains a pair of fixed point numbers denoting the order of the
matrix to be input. Following it, then, is a set of cards containing four
floating point values per card. The matrix is input rowwise with each row
beginning on a new card. The maximum order is (25,20). The number of elements

of each row equals the number of response points desired. Each row pertains to
a different mode.
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27T
[¢*]" paTa caros
L Fl?{i‘ﬁ —naed

=

] lo. of Acceleration Response Points

I'o. of Modes

13 27 2% 43 $7,5% 7

Metrix values with four elements per card, input rowwise, and
each rowv begins on & new card.

Figure 4.3.9-1
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4.3.10 Spectra Input Data. - The power spectral densities (PSDs) and the
normalized co-spectra are represented in the DARC program in the form of tables.
Linear interpolation is used to obtain the spectrum at a desired frequency.
There exists several options of input. This, and other necessary information,
will be described in the following paragraphs.

4,3.10.1 Table Control Cards. - Figure 4.3.10.1-1 shows the two control
cards required to define the option of input and scalars used.

4.3.10.1.1 PSD Input Code. - In Figure 4,3.10.1-1 the first card contains
the PSD Input Code. The code definitions are:

(a) A code of one specifies that a PSD is required for each area in one
longitudinal strip. This information is then used for all other strips.

(b) A code of two specifies that one PSD is sufficient for the complete
shell (Homogeneous Pressure Distribution).

(c) A code of three specifies that a PSD is required for each area of the
shell (Angle of Attack).

4.3.10,1.2 Normalized Co-Spectra Expansion Code. - In Figure 4.3.10.1-1 the

first card contains the Normalized Co-Spectra Expansion Code. The code definitions
are:

(a) A code of zero specifies that form one is used. See section 4.3.10.4
(b) A code of one specifies that form two is used. See section 4.,3.10.k4

4.3.10.1.3 Empirical Co-Spectra Calculate Code. - In Figure 14.3.10.1-1 the
first card also contains a code specifying the use of empirical co-spectrum
rather than using a direct table-lookup. If the code specifies zero, this means
no calculation. A non-zero value activates the option.,

4,3,10.1.4 Table Scale Factors. ~ In Figure 4.3.10.1-1 the remaining two
floating point parameters of the first card are scale factors. The first applies
to all frequency values in all the tables. The latter applies to the PSD magnitudes
only.

4,3,10.1.5 Table Input Control Card. - In Figure 4,3.10.1-1 the second card
contains three fixed point numbers which specify the number of tables to be
input. The parameters, as previously described, are KL, KC, and KK in that order.
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TABLE CONTROL CARDS
tzlk i1 2,

\-""\«‘\—/
Scale Factor on PSDs only

~
—————————]
-IT ”

—
=
-
o

Scale Factor on Frequency (all Spectrum Tables)
‘Empirical Co-Spectra Calculate Code
-Normalized Co-Spectra Expansion Code
--PSD Input Code

]
‘
s
i
|
]
i
i
)
[
i
]
‘
-

7 940 g3 18"
L I.x‘)lnlnj j

Syt S

! 5 No. of Circumferential Arees over which there is Appreciable
! ! Correlation, KK (Not Applicable if Form 2 is used)
' No. of Longitudinal Areas over which there is Appreciable
¢ Correlation; KC
. I\{o. of Longitudinal Areas, KL

Figure 4.3.10.1-~1
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4.3.10.2 Empirical Co-Spectra Calculation Parameters. - If the code specified
is non-zero, then the data card described in Figure 4.,3.10.2-1 must be included.
Otherwise this card should be omitted.
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EMPIRICAL CO~SPECTRA. CALCULATION PARAMETERS

! 15716 30,31 45,44 bo 6l 287
\""__"“VA—N———’//\\"’__‘Y’_____”’)\"_——_"\r‘*‘————’)\‘—”———\ — N )
Longitudinal Circumferential Average Size Average Size Convection

Decay Rate Decay Rate of long. of circ. Velocity
(1/in.) (1/in.) area (in.) area (in.) (ft./sec.)

Figure 4.3.10.2-1
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4.3.10.3 PSD Tables. - In Figure 4.3.10.3-1 the first card contains a fixed
point number denoting the number of points for that table. Following it, then,
are two sets of data cards in floating point notation. The first set, with four
values per card, contains the independent variable, frequency. The second set,
also with four values per card, contains the dependent variable, PSD. The
maximum number of tables is 112. The number of PSD tables to be input is based
on the PSD Input Code. The following rules apply:

(a) If the code is one, then the number of tables input equals the number
of longitudinal areas.

(b) If the code is two, then only one table is input.

(¢) 1If the code is three, then the number of tables input equals the
number of surface areas.
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PSD TABLES
%9
- [ . ] Y
[V

No. of Points in Table

) 1S, 0 30,3/ XY A (14

Frequency Values (four per card)

) .16 3c,34 45 16 4o

\~—”“w’”‘"‘*”/\\~——-\(~’*“’//\\~—~———w/”~’) N

PSDs (four per card)

(Repeat process for each PSD table input)

Figure 4.3.10.3-1
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4.3.10.4 Normalized Co-Spectra Tables. - In Figure 4.3.10.4-1 the first
card contains a fixed point number. If this number is less than or equal to 20,
then the number represents the number of points for that table. Following it,
then, are two sets of data cards in floating point notation. The first set,
with four values per card, contain the independent variable, frequency. The
second set, also with four values per card, contain the dependent variable, Co-
Spectrum. The maximum number of points is 20. The maximum number of tables is
2l. The number of Co-Spectra tables to be input is based on the Co-Spectra
Expansion Code. The following rules apply:

(a) If the code is zero, then input the tables for the longitudinal aress
by column, including the (1,1) element, up to KC, which is the number of longi-
tudinal areas over which there is apprecisable correlation. Repeat for KK columns
where KK is the number of circumferential areas over which there is appreciable

correlation. Thus, there are KKxKC tables. See section 3.2.1.1 for physical
explanation.

(b) If the code is one, then input the tables for the upper right triangle
of the matrix by row (excluding the diagonal). Thus, the number of tables
equals KLfKL-l!, where KL is the number of longitudinal areas. See section

2

3.2.1.2 for physical explanation.

4.3.10.4.1 Element-By-Element Calculation Code. - In paragreph 4.3.10.4 a
description was given for the input of a co-spectrum table. If the number of
points specified exceeds 20, then no table should be input. This feature
along with the Empirical Co-Spectra Calculate Code activated, results in calcu-
lating the normalized co-spectrum for this element. If the Empirical Co-Spectra
Calculate Code is activated, then the (1,1) element is always calculated. See
section 3.2.2.1 and subsections for physical explanation.
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CO-SPECTRA TABLES

%9
L Lit

“—
Ko, of Points in Table

(W] S—— X

Frequency Values (four per card)

lormalized Co-Spectrum (four per card)

(Repeat process for each Normalized Co-Spectrum table input)

Figure 4.3.10.4-1
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4.,3.11 Normal Mode Parameters. - In Figure 4,3.11-1 the first card contains
a fixed point number denoting the number of data cards to follow. Following
it, then, is the set of floating point data. The maximum number of data cards
is 25.
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NORMAL MODE PARAMETERS

79

[ bl

v
No. of Modes

! 1S, 16 3o 3 LA

\/W\—/\—-«Jw\—/

Formal lode iormal Mode lormal Mode
Generalized Damping Frequency
Mass Coefficient

Figure 4.3,11-1
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L.4 Operational Procedures. - This section contains two basic operational
requirements. They are operating instructions and deck configuration.

following page. It should be noted that time estimates are also included.

L.k,1 Operating Instructions. - The basic computer setup is described on the
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OPERATING INSTRUCTIONS
DECK NO. TITLE
T650 Conical Shell Deflection and Acceleration Response Program
P ROGRAMMER ASSIGNED TO
runkow/ S, Linn, Dept. 73, MAC S. Linn
REQUESTED BY DEPT. C.R. NO,
Dept. 236, MAC (Contract NAS 1-3179)
REPLACES DECK NEW DECK MODIFICATION OF DECK OTHER
O sos [[J ForRTRAN II 1B-sys |
RESERVED TAPES USED
None
UTILITY TAPES USED
None
OuUTPUT
TAPES  Standard Fortran Printout Tape
CARDS PLOTTING INPUT TO OTHER DECK OTHER
a a a O

DEFINE CARD FORMAT BELOW

1234567891011 1213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 S4 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73

EST. NO. OF INPUT CARDS PER CASE

50/1500 (Depends on options requested)
EST. RUNNING TIME PER CASE

«02/15 hr (7094)

EST. PRINTING TIME PER CASE

.05/.40 hr (1401)

CAN THI1S JOB BE INTERRUPTED
Bves Ono

CAN MORE THAN ONE CASE BE RUN AT A TIME

YES DNO

SPECIAL INSTRUCTION:
None
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4.4,2 Deck Configuration. - The basic deck setup is shown on the following
pages. The control cards for 1BSYS at the M.A.C. installation consists of two

cards. They are shown as the first two cards of the program listing in section 4.8
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DECK ORGANIZATION

End of File Card

Overlay Link 3, SHALF

( $ORIGIN ALPHA

Overlay Link 2, FHALF

r/'$ORIGIN ALPHA

Overlay Link 1, PARTL

{ $ORIGIN ALPHA

Main Program & Subroutines

/ Control Cards

/$ID
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report _B731

MODEL

DECK ORGANIZATION (Concluded)

( $IBSYS

8 END OF FILE CARD

Case N Data —

Cagse 2 Data

Case 1 Data
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4.5 Error Analysis and Messages - There exists in the program various
error checks before calculations actually begin. When an error is detected by
the program a comment is written on the output tape and appropriate action is
taken. Following is a list of error comments and their meanings.

4.5.1 Program Cannot Continue, Gamma = X.XXXXEXX - This is the result of
a negative gamma to be used in the Fiou.rier Series Calculation. The program
terminates.

4.5.2 Response Calculation Involving PHI2T & PHIAT Depends Upon Assumgtion

of Symmetric Pressure Power Spectra Distribution. LCOD = Indicates Unsymmetric
Distribution - This is selI-explanatory. The comment 18 me warning.

4,5.3  Error, PHI2T & PHIAT Incompatible, XXX YYY - The number of rows in
PHIAT (XXX) must be equal to the number of rows in PHI2T(YYY). The error, XXX
not equal to YYY, terminates the program.

4.5.4 Error, PHIAT & Normal Modes Unequal, XXX YYY. - The number of normal
modes specified must be the same as the number of rows of PHI2T.The error
terminates the program.

4.5.5. Error, TLU ERR In XXX Tasbles - In generating the spectrum matrices
at a particular frequency, a total of XXX errors occurred in the linear inter-
polation routine (TLU2). This includes the PSDs and the co-correlation tables.
The error terminates the program.

4.5.6 General Errors. - The system may output error comments. These usually
result from data setup errors. These errors cause the system to terminate the
program.
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4.6 Detailed Flowcharts. - Extensive program flow charts are given in this
section. The blocks contain mostly Fortran terminology to closely identify the
flowcharts with the program. Also included for this purpose were: statement
numbers, DO loops, and sub-titles.

4.6.1 Maln Program. - Figure 4.6.1-1 shows the linkage of the various sub-
programs as they are executed by the main program.
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! - MAIN PROGRAM

| Figure 4.6.1-1
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4.,6.2 Subroutine EXPANC, - Figure 4.6.2-1 shows the calling sequence and
flow of the EXPANC subroutine. Note that this is for expansion form two.
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| THIS SUBROUTINE EAPANDS
TWE Co-SRECTRUM MATRIX To
THE peem ySED TNV
ARPANS T OV FORM TwWw O

m====

ITAB=X748 +1

-~ — - v cumm s e e e Gmn NS e e S — —— —

Figure 4.6.2-1
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Subroutine EXPANC (Concluded)

/! z /
Iz z KL
KKK = #cis/ Ké

L 5 LAm-1) kL
/mt(”'(’"'/)’”{é

Y

|
|
|
|
|
|
l———-- c‘o

)i :c.*A—(,M*Pi
Z/= rz+/
— e — - T2 = Lz+il

Figure 4.6.2-1(Concluded)
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of the table lookup routine, TLUZ2,

4,6,3 Subroutine TLU2, -~ Figure 4.6.3-1 shows the calling sequence and flow
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: SUBRPUTINE.
7Lz (MXVYV,X, Y, IND)

LINEAR INTERFPLATIGN RPuTINE.

Z‘N.D:o

L= Z -
-
NG
-
Y Y Y
Y=YVe Y= (KX (Y- vii)) M IND=4
(XV: = XVomg ) <1 Y =o.

RETURN [®

Figure 4.6.3-1
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of the diagonal matrix print subroutine, DPRT,

4,6.4 Subroutine DPRT, - Figure l4,6.4-1 shows the calling sequence and flow
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REPORT

MODEL

SUBRPuUTINE
DPRT (N, A NL)

PRINTS DIAGINAL. parkzX

NCPL= 1

]

d so.

—

Kels = N—Negl + 2

Kegr=wmepLtkers -1

v LoL,

KepL= NegL + 7

VEs/v¢

403,

Pﬂég £ a7
N =0

202,
f@3a<a!gli=”/V¢

104. ‘

NL=NL 2

Y

QUTPUT LINE, K=NCpL, fepl.

Y

NCJL= KepLtt

Figure 4.6.4-1
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k.6.5 Subroutine DTRM. - Figure 4.6.5-1 shows the calling sequence and

flov of the diagomal matrix product subroutine » DTRM, It celculates product
row A * [P) -
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' SUBRSUTZIN E
DTRM (MMA, B R)

AROW~  MATRIX PRIJUCT FguriNE

e L

KETURN

MAC 231UM (REV 14 JUN 62)
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4,6.6 Link One, PARTl. - Figure 4.6.6-1 shows the initial input portion for
each case, It consists of 14 pages. After this link is executed and completed
the program returns control to the MAIN program.
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MODEL

([Cacs ok ‘
(7, 742,
o077, 072)

Subroutine PART1

Figure 4.6.6-1
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Jecp =3ugs/
‘ 'y Subroutine PART1
e Kz e /2 (Contimued)
| i . #JZ‘N/ 2 '

o

rs .,,Foo&turszg:Es DESIRED

Figure 4.6.6-1 (Continued)
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Subroutine PART] :
(Continued)

3éo.
XNT#57.3

XDTH=

w2 /VMM
'
WS ZNLN(ZR)
v
/= 5=/
Y

WATH =N TH =]

figure 4,6.6~-1 (Continued)
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- == — & T=4 M) % ~ Subroutine PART1
} = o (Continued)
| XKM &) = cPS(xmTR, L) XL # XDELS %
: Qinss726) - /- 4
L 20/ y
L XCANT) =SV XM e, 1)/ XL ¥ XDELS % ‘
- B.r15IZe) | :
[ ' : ;
: XHN(Z)=CoS(ON(zR,T) # XDTH ) - /.
x - .
I L 2007 . l A
L - T yivir)= siwixwizr, rrexors )
¢ SRS
[4sum = 0.
[
(xrimée=r-/ |
NS0 x . )(DE/_.TA
: ‘ +0
—_— e o - =L PO 2020 TN WRITE ERROR COMMENT
B ,’ ; (¥<0)
| XOVELE = XM(LRSIX T % XM’//XZ [ TERMIhrlﬁ =
| = | : PROGRAM
' XAB = XA(O, T+!) #C0S (XANGLE ) |
: L XECRT) % SV (X AVELE )
L i
| Y2H = - YA IR, T+) ¢ SIN CANG LE)
| _ ZRT) X/ ps (XANELE D
| Zozo | ;
" : XSum = XSUM +)./XM8,T) * (xuy,c (XA (T) ASINOMUR,T)
@ - L XL e xSOR ) # XTI Cas (xot (TR,ID /XL % XSUs ’79J,_
— XEMH (XA (TD #EOSUN(LE, T) /X H#NSYAT) =
L XL 0 S (M TR 5 )Rl X XSU £97)))
l Figure 4.6.6-1 (Continued)
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Subroutine PART1 (Continued)
Zo¥o s
[ SoMLCE) = (4S0m +-X8 (L&, IAXDPLS ¥ T S/ ) K XL /- ttke]

| 4Sum = 0.

Vx7rme=1-7

(x7vézq = x77me X074 |

o550 ,

XSoM = Ksum +le /XN(ZR,5) # (XC (TR, T+ X XMAN(T) *
SIN (XNCTR, )% XTHETA )+ XL1v (3)¥ LOSCXN (X8, T) +
XTHETA ) = XD (IR, TY*# (XKN(II¥COSUN(IR, 3
A XT. '

. bl 24 P

e — — — A XSUHZZ)ZXSUPIXCE IR, 1 JEXDTH®S |

e

IH=0 |

—— e e —— ——— —— —

[zxk=2K+7 |

2080 ;
- pyrq (r€, TH) = XSUMLCT) * YSOM2 (T) |
12090 ’

{ Corvrvie

r-————=—=

Figure 4.6.6-1 (Continued)
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Subroutine PART1 (Continued)

N = AP S A RIS 7S

]

[ ]
[ ¢q¢s = -;'og (x)

| s4<p = S//(x)

v
[Csa =z carrexz
. [ ._

Figure 4.6.6-1 (Continued)
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WRITE
51,52

Subroutine PART1 (Continued)

|F&44&$ ::Eii:"it |

WA= Feve /]

Figure 4.6.6-1 (Continued)
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eAie C 7 :
, Subroutine PART1

(Continued)

O V= —
. (== |
\ozwr= (74]7zfrmz;vﬂ |

- |ps =N iters

@©

_Figure 4.6.6-1 (Continued
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Subroutine PART1 (Continued)

1

\fezv= goip s zr) |

Fzr/: 0 (2422) |

lee7g epmo (3, 77) |

ELITSEFENIT/ECenT

(]

CHECH onle, oF AWIAT

[}
| 7rr 7 =7877 |
\LS crecomeesevriae wave s =0
7474
€o.
8 YEs ,
£X2=THTT /a7.295¢|
q Y

[ X = Fervernrr/A7.2656 |

FXZ =S/ {x)

Figure 4.6.6-1 (Continued)
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o Subroutine PARTL (Continued)
20

| THRIT =THTT+DTHT |

i Z k
) [TFExi=rxz |

R v T/NE_ WAVES =& 7]
Ne LN

|rarr = THTZ

' [ ]

I%i 2 © THTT/57.29577%4
L
zz 1

I zcom +THTT /87.200075

[ exz = s/1mcx) 1

26 :
| TInrex) = FXYZ- FXI

Figure 4.6.6-1 (Continued)

MAC 231UM (REV 14 JUN 62)




MCDONNELL

DATE 30 Inly 1945 $T. LOUIS, MISSOURI PAGE 90
REVISED reporT B3
REVISED MODEL

L s -2 Xiﬂ‘?'d FronN
.igi , J=1 I

: . ' . Y
lSzer = s/
L] Subroutine PART1
X =S7e75 [ fEMT | (Continued)
' ;
X8 - X »#X

(7 szv (xi\
| 2B = Lds gx)L

(£/Z2 = AQ#LB+Z.AX¥2H4Z. % 8]

= X% 2>, x X ¥ CEByZ. 4 OA @
4

X® = X ¥ X

Lﬂ:gﬁ/(xi |

Figure 4.6.6-1 (Continued)
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s ' Subroutine PARTL (Continued)

12 = ~XKQXCB+2. +2.

|E22= x@xcd+2#4Xnc8+2péd]
. ]

ISATCI =Fl2 - Fil
‘ 3

27CI) s F2a-F2)

= T+] |

. —

]i;él_/v\c. = FLMTw%3 ]
Yy

[Sic = Fime *ictps(__sl/g”)l

[SZC= FAMc nds (sI7a57)|

. C3Q x Fe7A

. LT

35 YES

r48r,4 S CSPO R KFL74

Wlk

12
13

Figure 4.6.6-1 (Continued)
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MODEL

CAic . PAIAT Sr4TL 25

t-

— —— —— ——

Yy
]//ﬂ(ﬂ‘,g) ~BETA% (SIcCeSIT(LL)- SZe#S27 (<))
‘ : = ¥
- - —---—- d35=55+1]

X = (SVAL (TS 1) /ElmT

ACALP)#¥Z A#SINOO¥%+2Z |

Figure 4.6.6~1 (Continued)
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vﬂubrouiinc PART1 (Conciuded)

Figure 4.6.6-1 (Concluded)
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4.6.7 Link Two, FHALF. - Figure 4.6.7-1 shows the remaining input portion
for each case. It consists of 14 pages. Control returns to the MAIN program after
this link is completed.
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Subroutipe FHALF

HIRT INPLUT O/CECTLY

[{2d]

READ
TRWS,
Nees

&

Figure L4.6.7-1
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Subroutine FRALF (Continued)

o

Figure 4.6.7-1 (Continued)
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Subroutine PHAIF
(Continued)

PHIZT PRINTOOY

y [ ]

- -7

\ % < J )
A
= 2ALANS
WRITE
Ir

—— e v e gy GEED cummes e G - — gy S e QU e, Smwe  Gmks  Smms wmmh  emmm e e

Figure 4.6.7-1 (Continued)
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" Subroutine FHALF (Continued)

Figure 4.6.7-1 (Continued)
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@ Subroutine FHALF (Continued)
i)

_TIANPUr sf!&unmunq,p4z1
178

uuwzan
o7ty
D7z

INPUT f? TABLES

178%
WRITE
K¢, Kc,
KX

Figure 4.6.7-1 (Continued)
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- - Bubroutine FHALF (Continued)

279 ;
Lz/-/rf

4
V=Hcds |

Figure 4.6.7-1 (Continued)
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REPORT B731
MODEL

Subroutine FHALF (Continued)

WRITE WRITE
WarvznG DATE

[/ch‘fi =06 |

TNPUT CO-SPEcTRwY TABLES

Figure 4.6.7-1 (Continued)
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1830
F—— —— = —
l Subroutine FHALF
:_ ________ (Continued)
|
| Tvxcd - ics+7]
, —
\FE4D /
I Ny (W)
|
l
l.
|
' Y
| WRITE
{ T,¥Y !
I
| |
; leex (1, #xcp) = o. |
I [cex&, vx cf) = 7977, |
I [eevda, ~xc;)= 7999.
|
| leey (z,/Xxed) = 9779.
|
Ve
C
[ A L2
‘ — —|Clx (c,vrcd) = Cex{L, wxcd )¥FACs ]
[ 2
|
|
|
|
I
— '
Figure 4.6.7-1 (Continued)
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Subroutine FHALF (Continued)

Xod = ANeé+/ |

r,J

leoxrvxee) = o.

[ccx (-w/xc%\ = 999,

cerls A/xc;é) = 79%5. |

CCY (2, ,vXi8)= 9999,

B /85 2
L — Joex (g Arcd)zcex (2 ymee 2 51</ ]

I
|
|
|
|
]
|
|
|
|
|
|
|
|
|
|
|
:
| VIKZT7F
i
|
I
I
I
I
|
|
I
|
|
I
I
I
|
I
|
|
|
I
|
I

A

Figure 4.6.7-1 (Continued)
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Subroutine FHALF (Continued)

[—— e — e e e

Figure 4.6.7-1 (Continued)
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e? Subroutine FHALF (Continued)

o
| /188 | '
L——dFwez) = 2% T Fe(z) | ,

I
[ JTzo | - |
T
I
|
|
|
I
I
|
I
I

o |
I
= 190
| [EEE(z+1> = F: & ]

I
| LT =341
I
I

19!

CONTINUE

Figure 4.6.7-1 (Continued)
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10 .T-n'ly '1965

MCDONNELL

REVISED

ST. LOUIS, MISSOURI

REVISED

PAGE ].-.0_6.
REPORT B731
MODEL

Subroutine FHALF (Coneluded)

4
19 VES

182 +

198 NO

|EEETI = FEF (DD

Y

(FEE LD - 'FFF D ]

FEE(3N = FEFIL

[fErR= T ra]

I B |

-

Figure 4,6.7-1 (Concluded]

MAC 2311
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MCDONNELL

oate 30 July 1966 ST. LOUIS, MISSOURI pace 107
REVISED neeont 5731
REVISED MODEL

4.6.8 Link Three, SHALF., - Figure 4.6.8-1 shows the main cycle of the
program and how the desired responses are calculated. This portion coneists of
20 pages. Control returns to the MAIN program after this link is completed to
begin on the next case, if any.

MAA 2Qf%1a /AP 14 M a8



DATE 30 July 1965

MCDONNELL

$T. LOUIS, MISSOURI! PAGE 108

REVISED

REPORT B731

REVISED

MODEL

SET-uUP CoVSTANTS

L zPs= | |
LG/sg;_ |

T .

IATZT IALIGE ACEPUENCY CYolE

Subroutine SHALF

r
|

: Rr)=o. |
| []
|

|

|

I

L

RiICD) =,

K]

)= O.
ﬁ
- T =o.
— 1

ALl = o. ‘

ANIVL =/ |

(Gez=_FrO wive) ]

LRERQ = ?R(z,{v:w_) 1

VA7 = F((&;’IVL )+, 000000l |
(zec = 2T - |

I xi = Bxgpact )®eExtpa(3) |
]

[Xz= Exrra C2I)REXTRA L L)

Figure 4.6.8-1

MAC 231UM (REV 14

AUN

82)




MCDONNELL

DATE 30 July 1965 ST. LOUIS, MISSOURI PAGE 109
REVISED REPORT _ BI3L
REVISED MODEL

: @ Subroutine SHAIF (Contimued)

_EﬁL_LL‘M_%f_m_Q.E_@

| zT7AB =0

lgp7/=4205 |

R |
[1TAR =ITAB+] |
T

|

l

I

|

|

I

I f
| [P = P wx 2
|

|

I

‘

Figure 4,6.8-1 (Continued)
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DATE — 30 July 1945
REVISED
REVISED

MCDONNELL

ST. LOUIS, MISSOURI

PAGE 110
rerort 8731
MODEL

A

|

|

|

|

[

|

—

i

i

i

i

: IT=g+I-L
: Y

|

b P = H(Z)

Subroutine SHALF
(Continued)

@ QBTAIN SCALAR

205~
CARLL TL&Z

WP, 7x, Py, Freg, sch, 14;

YE£S

207

JMESR = X EXTRA (3) ¥ FREQ

(€. ¥EXTRA(E)

(24 I=1kK

r
|
|
t
!
]
!
!

ICPUN =208 + L.

cALL TLUZ
- \(Neyeax ey, Freg A, IAD)

IND=0%

N
206

JIRE= 2 ISR FL

Megr=oTl

. $@>

207
.: TAB ’—j.{7z’ﬁ 4 ]

L

-
I
!
;
i
i
i
!
{ 1
|
|
i
!
!
|

Figure 4.6.8-1 (Continued)
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MCDONNELL

DATE 30 July 1965 $T. LOUIS, MISSOURI PAGE 11l
REVISED ReporT _BI31
REVISED MODEL

| TPIXCCL= (XL X% 2+ Pmesn ¥¥2 ) xx 2 |
‘ o XCeZ = (XLAX2 ~ pMEs 1% x.2)
AD= 3999, XCC3 = EXPEXLR XKZ)KCPS (GuEs A XX2) |
# EXPLXLX (XX22 ) ¥ Cps(bprsr'x (1x2-2.))
L ~LHEXP(XLRXXZ-T.))X s (65 M 3x2-1.)
X3 = g xeed=o. | yes
N

XCC4 = X L+ PMERAREXPNL)-EXPIX QST fipafin)

NY

| X¢cg = 41, e———

YES

KXecs=(ExPCr2x K 3) + EXPEXT % (xx3-2.))
—2 X EXPEXR¥(X03-1 ) Mz k%2)

!

mc={1, Acu)*é(ccz *XCC~3+XCC‘1~>* xees”

ALT) = X%C

Subroutine SHALF (Continued)

A.D) = ABSAAL) ¥417)

. * e CONTINU L. \ﬁ - ,4(1)1) =A'35//4/I)1>) ,

Figure 4.6.8-1 (Continued)

MAC 231UM (REV 14 JUN 62)
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DATE 30 Inly 1965

REVISED

REVISED

ST, LOUIS, MISSOURI PAGE 112
REPORT B731
MODEL

Subroutine SHALF (Continued)

N |
(s, sv= 1. |

v

Figure 4.6.8-1 (Continued)

MAC 2311 (DEV 12
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DATE 30 Tuly 1965

REVISED

REVISED

MCDONNELL

ST. L.OUIS, MISSOURI PAGE 113
REPORT B731
MODEL

Subroutine SHALF (Continued)

MAC 2%3%31UM (DEVY 14 11N

£9%Y

Figure 4.6.8-1 (Continued)




MCDONNELL

DATE 30 Inly 1945 $T. LOUIS, MISSOURI PAGE 11}

REVISED B731

REPORT

REVISED

MODEL

XCCZ S(XLAX2 ~PmEGHXXZ )
KCC3 =EXP(-XL¥ XXR )% CfS (Prr65 A% XXZ )
AL3)=7979. +EXP(-XIHNNZZ.) % ChS($resr¥(Xx2-2, )

~ZHEXPL-X K (x2-1.)) % s mEs #(102-2,)
'

4
Fixced =(xex %2+ @rmeanrxz)xxz

-
|
| YES
: Xecq4 =o Xl =0 |
E_ _ N
| XCC4= X I ¥QMEGAK(EXPXL)-EXPEXL)) XsIN (fmE4 )
XX2=J-I+L
! e -
: XxiL=o, Xf$o  Xees=Z, '
‘ vES
; xccs’:(EXP(xz)+EXP(—XZ)"Z.>/O(2 %%2,)
Né ves
xcc=(:(.4c¢1_) *&ccz%xcca 7‘)((:‘04)*XCCr

ALT)=xCC

Subroutine SHALF (Continued)

AlT,7)=ABS(A(4,1))

A(L7)=#BS(ALL 1) ¥ A(LT)

S CTv— st =resta ) (%))

Figure 4.6.8-1 (Continued)
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DATE 30 .Tn'ly 19AE

REVISED

REVISED

MCDONNELL

$T. LOUIS, MISSOURI PAGE 115

REPORT B73l

MODEL

KK =0 |
- ]

IVK = NceS |

| ZT= o |

L]

1= KKK +II

]

y

I KIZ2IVK+IT

MAC 231uUM (REV 14 JUN 62)

Figure 4.6.8-1 (Continued)




MCDONNELL

DATE 30 JIuly 1 968 $T. LOUIS, MISSOURI PAGE 116
REVISED REPORT B731
REVISED MODEL

B , . Subroutine SHAL® (Contimued)

2/
[¢ E:I:Cﬂz) =A(zr3, 353> |

ClII 1) =,4'gz’-.r, JIT)

el o/22) = 44LT, TTTD

@ 216 / i

e (Xr,fal) = A(XT, IIT)

IKKK=KKK +K¢ |
217 ¥
IVK=1\;K’KL]

\HE=HHxHL+/ ]|

|LZ =ccs = (HK-1) % KL B

R —— t!CI3:I) = O ]

2z0
Vspr/=#ces-2enL/ |

[Mé =/zz* 7

&

Figure 4.6.8-1 (Continued)
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DATE 30 _July 1945

REVISED

REVISED

MCDONNELL

ST. LOUIS, MISSOURI

PAGE u7

REPORT B731

MODEL

@

DYI=LIMLAL ) subroutine SHALF (Continued)

IM2=T+KL-L

IIT=JIT+ AL

24 JT=IT,/ M3

222 -

JIT=JJ +AL
¢ (112753) = C(IL,JT)

()

JTSr=KK.+Z~177
JeLS=NCLS-KKEA+2ZIT

JIT =ITI+hL-L
JT =ITI+KL+HK-L

D¢ =117 77T

KKL= KL¥CKK-2)

a

YES

-

|

l

Lmed C(LT) = P(D) ¥ CL,T) # P(T)
2221

I[_ _______ WONEN AN

: 2222

L~ —de(1, 1)z PE)¥ C(.7) % P(T)

CONTINYE

Figure 4.6.8-1 (Continued)
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MCDONNELL

oate 30 July 1945 $T. LOUIS, MISSOURI PAGE 118

B731

REPORT

MODEL

‘ SYMMETRIC MATRINX

'v { . 22 .
k- -| :g:,l): eer, ) |
! — I -
' OALC Q~DIA&ONAL VSPTRIX

Do L=/ WAns

Scey = (LSAH(IT) x4 2 A FWCIE ) H#Y)) /(1 - (FREQ/FF(IZ)) |
X% z)n 2) +(z. #FL(IJ:) ¥ FREO/FF(LI)))##2) |

|E(rIi =5, |

[ KKK =)

LLl =KL mk-'j

,M-uz l

/V/V/i/ z

[IT§T=M£S+I-1£f/(A’I

JIT=2rIrrNL~L
TS =N LS =TI MMM
Trr=I7s7 -1
IMT S MMM =TI+ L

Figure 4.6.8-1 (Continued)
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MCDONNELL

DATE 30 July 1965

REVISED

REVISED

8T. LOUIS, MISSOURI

PAGE 119
REPORT B731
MODEL

242

KKK =HKEKL]

r
i

|

’— —
l

|

L

=y

A

Lits=LLll+KL

__ |AKK=HKK +K£]

224
-| Exff) = RUIT) $PRTAUE L, DA (5, D) # PUIA (L, L) |

(CONTINUE

MAC 231uM

{REV 14

AUN 82)

Figure 4.6.8-1 (Continued)



DATE

30 July 1945

MCDONNELL

REVISED

REVISED

S$T. LOUIS, MISSOURI

PAGE 120
REPORT B731
MODEL

SRS

¢

R(IT) = Sce| ¥ RC1Y)

Subroutine SHALF (Contimued)

—4-- - G

—— et am— o o

227/

-
L - e, DePDr4L, 2P |

um:_f-n, ]

m == e

‘ Y _

Ipﬂzc;{ﬁlﬂ/ I
e e —— —— i . . L

]

1

S Sl

A'A
1

c(3,1) = C(Z,T)

Figure 4.6.8-1 (Continued)

MAC 231Um
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MCDONNELL

DATE 30 July 1965 $T. LOUIS, MISSOUR] PAGE 121
REVISED ‘ neporT _BI31
REVISED MODEL

Bubroutine SHAIF (Continued)

=
|
I
|
I
|

Sees =4 /(///(Qrz)xfé;/rh(n') ﬂw}) 7 CCr —
| CFRE@/FATENAAZ )R AZ + (2.4 FLlIT)
| (FREG JEECZI))) # ¥ 2) ‘

Y
RID zo.

(Z1)# PNIACKT, ) #¢ (3, ) # PUAGESY)

[ RRCTI) = SCers» R(LT) |

1-—-”'__““”—““_"'—"‘

_INTRGAM CAic__ Cowrmek

Figure 4.6.8-1 (Continued)
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DATE 30 July 1968

MCDONNELL

ST, LOUIS, MISSOURI PAGE 122

REVISED

reporT . BI31

REVISEKD

MODEL

— c—

” Subroutine SHALF (Continued)

(72t = ppeg/z |
-_— = = (20 I/ PRNS

|
o
7 - ~-] é Y= 7(L) +704/*~(A’("! »00(7)) |

2.

d/ﬂ& = (Z¥M# ;ﬁfa?)ns s/

23.
/}’Vl Z N

233 YES
| 706 = 2EPe /2

z3Y

';___ 177¢x) =TT »yDLF » /6416 ¥ R(2)

+ DI’ # RIT)

235 k

[ = OHG |

— e = ——-
l se
— —-—~r§RL(I3 :iR(Z) ]

PUIVYy cowThol

Figure 4.6.8-1 ( Continued)
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MCDONNELL

paTe 30 July 1965 ST. LOUIS, MISSOURI

PAGE 123

REVISED REPORT B731
REVISED MODEL
237
WAITE
FCES Subroutine SHALF (Continued)
\#ys=2 ]
238 Y
werre
TI7TLE

[jﬂy5=yw%vz |

} 2238

L —dscerm = ect)ndsy # JCCEL

AL DACT
fnRws £¢,

NHS)

Figure 4.6.8-1 (Continued)

MAC 231UM (REV 14 JuN 82)




MCDONNELL

DATE 30 July 1965 ST. LOUIS, MISSOURI PAGE 12l
REVISED REPORT B731
REVISED MODEL
/V5 WNLlNVS 42 Subroutine SHALF
(Continued)
l_ —————— Do I‘/[”ks
I SCLZ) =

|

25« e ﬁal’
| KewT = Kea 7+ 7 | |

18

Figure 4.6.8-1 (Continued)
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DATE

30 Inly 1965

REVISED

REVISED

MCDONNELL

S$T. LOUIS, MISSOURI

125

PAGE

B731

REPORT

MODEL

754

Subroutine SHALF (Continued)
FREQ < YES

FRC, NIHAH )

247
\Arve = apxve 4/ |

| oera = £ (2, 42 VL) |

| KPR = ER?""‘%MI

FIP§=I ]

2420

——(%)
{zPs = |

Y

[ pewr = teari J

2481

&b T
z

) O @
@

2977

Figure 4.6.8-1 (Continued)

MAC 2311M f(BEv 14
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DATE 30 July 1963

REVISED

REVISED

MCDONNELL

ST. LOUIS, MISSOURI PAGE 126

B731

REPORT

MODEL

]
|bﬁ&pﬁ{%?g* |

uMWQ=Eﬁ?Q@Q—ﬂﬁﬁﬂ

Iega:&ﬂ$+mwg |

IIL; =2z l
[

!ﬁng: A CcvT ]
| ,
| KenT= Kpoe

z#86 Y
[ zPs= |
[Ivs=INs + |

~é m
2487 ves

| KeaT2=KenT+l |

[(AenvT = 4PR2 ]

| ZPs =& ’ |

|

| s¥s=z¥ s~/

MAC 231UM (REV 14 1IN &€2)

Figure 4.6.8-1 (Continued)




MCDONNELL

DATE 30 July 1965 ST. LOUIS, MISSOURI PAGE 127
REVISED REPORT B731
REVISED MODEL

Subroutine SHALF (Continued)

N
| fgo ki
IPs =1
249/ YES
250 = crE2 11925170 | | zas =z~ "s+f
lzrs =3 J \kear=konrz

\Aewvr=kerrzs |

| Zs=zwvs+, |

&

P

N =z,u5i+[ |
lzpo =2 ]
[

ONT2= KCANT |

(Wew T = xR @ |

%

Figure 4.6.8-1 (Continued)

MAC 231UM (REV 14 JUN 62)



DATE 30 July 1965

REVISED

REVISED

MCDONNELL

ST. LOUIS, MISSOURI PAGE 128

REPORT B731

MODEL

% Subroutine SHAIF (Continued)

2498
| DFre= DFRG2Z 1

LIPs=/
Y

| TWs = Tws+ /

%)

® 9 G

Fam = ;,cap

leree = F@t& +DARQ |

249

ERESR = FR(1L,NIVEH!) |
¥

|DFRG = FRED —~ FRES! |

Y
(Kiwe =kenT _ %

Is
prves— \ YES ol
IVL~-/ 2S5o
2 WZZrEN, |
251 N
AMYRL =2 |

(%)

Figure 4.6.8-1 (Continued)
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MCDONNELL

pate 30 July 1945 ST. LOUIS, MISSOURI

REVISED

REVISED

PAGE 129
REPORT B731
MODEL

(mRws o 7y
NLAS)

(AL DPRT
(Mews, 4,
NS

Subroutine SHALF (Continued)

Figure 4.6.8-1 (Continued)
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MCDONNELL

DATE 30 July 1965 $T. LOUIS, MISSOURI PAGE 130

B731
REVISED REPORT
REVISED MODEL.

l 997/

' 2980
LoJqecz)y = 40> % 4eccEc

Y

WRITE
™4 TMZ,
TM3, TM+,
b1, D1z

b1, pT2

f D

Figure 4.6.8-1 (Concluded)

MAC 231UM (REV 14 JUN 62)




MCDONNELL

DATE 30 July 1945 ST. LOUIS, MISSOURI PAGE 131
REVISED REPORT B731
REVISED MODEL

4.7 Nomenclature Table. - To adequately exsmine the DARC program in detail
it is necessary to first be able to correlate the various parameters (inputs,
outputs, and internal) with the designated symbols used in the program. This
section is an attempt to show that correlation.

4.7.1 Table Description. - Table 4.7.1-1 shows a list of symbols used in
the DARC program. Along with each symbol is the dimension given the parameter
in the program and a comment stating its usage or its description.

MAC 231uUM (REV 14 IUN 62)




132
B731

PAGE

MCDONNELL

DATE

REPORT

REVISED

MODEL

REVISED

NOMENCLATURE TABLE

08¢0
0L¢0
09¢0
06¢e0
0%c0
0ee0
02¢0
01¢co
00¢c0
0620
08¢0
0LZO0
0920
0420
2%20
SERAL
D220
010
0020
0510
08TO0
0LTO
0910
0s¢l0
o%10
0el0
0210
olto
0010
0600
0800
0L00
0900
0400
0%#00
0¢00
0200
0100

(WeN) w02 INZIDI=Z4400 2CCW viavy

wnisndd 40 HION4T

Las (Tdx AN 2IVH *9N0T) 7/ wnlsnys 40 H1IO9N3T
JOVAUOLS 31VIQ3IWAILNI

INZIST 430D ONIdWVYC 300K TVWION

aoVY01S JIVIASWIALINI

A9VBULS AavaUanwsl ASNINDsYd 3300 TVWACN
ADNINO3d4 3Q0K TyWdON

Sas5¥93U 379NV 3NOD 40 INIW3TdWOD

ATNG S3INTIVA ASd NO d0L1Ovd 31VvOS

(S378VL 1IV)318VIEVA LN3IGNId3IGNI NO ¥01DVd 31VO<

VdlJads=0u

(27TaVv]

da3isn 1ON 01-L

*5IVD U1 GOUHLIIW 3NIWY313Q 01 HOLImMS-9
ALIZOT3A NOI1ID3IANOD-g
V3dy 30 371 IOVYIAV-H
(*SNGCT) vIdY 40 3715 3IOVY3IAV-¢E

NOIT1D3¥IG IVILNZ&3dwNO¥ID NI 3F1vd AvD3d-¢
NCILIDH¥IG vNICALIONOT NI J1vd Avo3d-1
SealanVeVe nOlLvNo3 vy10:1ds-0D

MO0 wW0¥4d Nadvl divd

MO0T12 W0¥4 NIANVYL 21vda

INswuaS HOvs NI S33d93¢ 4C d38WNN

{(*2812)

IN3RD4S wnLlsnydd 40 HISNZT.

SUVAUSLS Advd0diwil ADNINDOIYWS vidd
AONIND4dd vi3a

d3avnss a19nV 3neD 40 LNIWITIWOD 40 SOD
1d /7 wnisndd 40 HIONIT

(4719V]L whalodasS—Co) FTTHVIYVA IN3dQN3d3d
Walo3dS=00) Aun3(iUaaasdloviavA pNIGNSdduN]
3UVEULS 41VIJawWddINI

JUYHO1S FIVIQIWHIINI

SNV 3n0 40 INIW3dweDd 406 S0D

JovH0 LS 2LVIQIWATINI

SH8NSS =¥ 4C VaL1Di3dS-0D 40 XId1VW
59v¥01LS FLVIGAWHMILINI

X181V aSNOAdSad NOILvas1a00v 3HL NO ¥01oVd 21VOS

Y4104ds NOI(vd313D0Y
VELlD46S=00 U3zl TvndON 40 XIdivw IndNI

V14
ONT4
IW14
OKW4
%4 14
[444
T4 444
%4 44
dv4d
Zov4
10V4

Nl Vdix3
21d

T1d

1H1a

sa

20y 4@

0d4a

0sD

IWT4D

[cend ADD
[Zenc S XID
V148D

8>

davd

V)

ZITe11 | )
V134

1300V

T4 oV
LeL v

Table L4.7.1-1
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PAGE

30 July 1945

DATE

ST, LOUIS, MISSOURI

g

v

REPORT

REVISED

MODEL

REVISED

NOMENCLATURE TABLE (Continued)

0080
06L0
08L0
0LL0
09L0
06L0
07,0
0el0
0¢.L0
01L0
00L0
0690
0890
0490
0990
0690
n+9cC
Negn
nNegl
0Lt99
£0%0
0660
0850
0,60
09¢0
0660

0%G0-

0es0
0250
01560
00%0
06%0
08%0
0L%0
09%0
0a%0
0%%0
0eh0
02%0
01l%0

3002 4S0dsNYe]l gwxlIHd
JdIINNOD

T+200r

42181938 X4UNI
d3INNCD

q3INPOD

43IINNOD

SyOdaI *ON AVv10])

S ACOKW 40 U48WNN
g3INNOD

d3INNOD

d31NN0D

dOIVOIGNT d0yy3
d3INNCOD

d3INNOD

d3INNOD

d3IINNOD

d3INNOD

J2INNGD

d3INNCD

44302 350dShNvd]l YIHd
4311938 XJUNI

¢l 3Ssvo

39vdC1ls FLIVIQIWYIINI
I9VA0LS HIVIQIANEIINI
Z9VY0LS 3IVIgAWAIINI
4Ovy01S FIVIAIWYIINI
doVdC1lS FLIVIGIWIIINI
a9VY0LS JLIVIA3WIILINI
1¢68T€8¢C*9 »x ASNINOIUL ICOW TVYWION
dUVHO01S AdVHUOGy 41 ADNINOIMA
4OVH01G AdYA0di) ADNINOIuS
ADONINOIE S

VIVG ADNINO3YS

SAAVM2TVH TTVNICNLIONCT 40 wIGHNN
SSvw a2l TvEEN40 300w TvwdON
Q31vO014 IN

d31v0T4 SN

SoAVYNM IVIINZYIANNDOYLID 40 MIHHNN
SAAVKZTIVH IVWIGNLITIONST 40 ¥3ENNN

01

X4

ncet
AR
Y4

aoonr
STor
asor

ANT
11l
1c11
avil
SMA T
g1
Sdl
SNI
aNI
IWI
SWI
Al
1
INr
11
NNODT
aod1r

aH
224
124
¢4
114
Z2X4
X4
M
20344
10344
0344
d 4
anw4
W
L1114
SSEE
NpT4
WiT4

Table 4.7.1-1 (Continued)
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13L
B731

PAGE

$T. LOUIS, MISSOURI

30 July 1965

DATE

REPORT

REVISED

0021 SIINNUD JAIN
Ocll gy LN A WNAN mw
0811 (I6T)0X CLSn SINZIDIH4ZLD 20 G2 NDN g
OLTT SR TANEAE Kot 1S ~STION 5
0911 mugzoz 4SYON £
06Tl 2d9V] winel o2as-00 Wl SINIUd 40 1Z ON nnw
ovTL c3QCH 40 N ~
0eTl S3Clw 40 Lumkcz SMIW -
0c11 JIINNOCD NI -
- . ) 3 - - o
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4.8 Program Listing. - The DARC program listing as it exists in its
symbolic form is contained in this section. It should be noted that the library
routines (i.e. mathematical routines) are not contained in the listing or the
actual program cards. It is assumed that these basic routines will be contained
in the system wherever this program is compiled. The listing shows the make-up
of the deck as it would be for compilation and execution, with the exception of
an $ID card to precede the deck and data following the deck. The data setup
is described in section L4.4,2,
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4,9 Sample Case. - This section contains a sample case composed of a card
input listing and the corresponding camputer results. Only a portion of the
output is given here as the entire listing is rather lengthy. A test case using
all the options is impossible, but it is assumed that one case would aid immeas-
urably in understanding the program and its requirements.

4.9.1 Sample Input Listing. - The sample input listing, shown on the
following pages, is an off-line listing of the cards as they would be setup for
& computer run. To understand this section reference should be made to section 4.3
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h . 9.2

Sample Output Listing. - The sample output listing, shown on the
following pages, is a direct result from the sample input and the DARC progrem.
It conteins various printouts. Initially it contains the input and computed
matrices. Intermediate printout consists of the normal coordinate response at the

desired frequencies. The final portion consists of printouts of the various mean-
square responses.
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