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Detailed information is presented for using an IBH 7094 computer program
which will calculate the response of truncated conical shells to random pressure

excitation such as encountered by spacecraft adapters during a 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

(i) assumin_ 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. i_ "T_j _r

rl
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i. INTRODUCTION

This report is a programmanual to be used in conJunction with an IBM 709_

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

buffetin_ 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 program is based is given

in Neferences 1 and 2. In brief, this analysis consists of a normal mode ap-

prcach with each mode represented by a second order linear oscillator. The ex-

citing pressures are handled by divindin_, the shell surface into many small
areas and either:

(l)

(2)

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

using 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 slne-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 storage of the IBM 709&. At present the program can handle up to 25
normal modes and 112 areas.

Sections 3 and _ 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 equations. Der-

ivations associated with details of the program computations are also given in

this section. Section _ is slanted more toward actual program useage, i.e.,
input of data, program operations, deck set-up, etc.

A detailed _able of contents is used herein for the purpose of separating
the information of sections 3 and & into semi-outline form. This will enable

the user to more readily obtain desired information.

MAC 2$1UM (REV 14 JUN 6Z)
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A

An
m

C

f

L

M

m

n

P

q

R

r

x

t

Uc

W

B

0

k m

T

2. _L41N SIq_BOLS

Sub-area or special matrix defined in text

Mode shape coefficient for displacement w

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

erscripts

Frequency in cycles per second

Length of shell frust_n

Generalized mass

Number of longitudinal half-waves of a given mode

Number of circumfe_'ential waves of a given mode

Pressure

Normal coordinate

Auto-correlation function

Radius of shell

Coordinate defining distance along cone _enerator from apex to a

point on shell

Time

Convection velocity

Radial displacement

Stream_ise decay rate

Comolement of conical shell half-angle

Circumferential decay rate

Ratio of damping to critical damping

Coordinate definin_ am:ular position on shell

T./m

Time shift for auto-correlation nr cross-correlation functions

MAC 231UM (REV t4 JUN 62)
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n

(I)

A

a

i

k,,_

N

p,q,w

[]
[,.]
LJ

[ ]T

Radial mode shape

Reduced frequency

Frequency in radians per second

Subscripts and Superscripts

Indicates relationship to area

Indicates response point a

Indicates mode i

Indicate sub-areas k and _, respectively

Indicates normalized function

Indicate relationship to pressure, normal coordinate, and deflect-
ion, respectively

Matrix Notation

Square or Rectangular
Dia_onal matrix
Row matrix

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 appearin_ 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)
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3- E_INEERING 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 709h as follows:

Normal Coordinate Deflection Spectra

(z-(f/fl)2)2 + (2q(f/fi))2
(l)

Normal Coordinate Acceleration Spectra

c_.i(f)= (ACCE_..)(_)4f4c_i(f) (2)

NOTE: "ACCEL." is a constant which is input to the computer program in

order that the units of C_ i be g2/cps.

Radial Shell Deflection Spectra

aa 2 ii
Cw (f)= _ _i cq (f) (3)

i

Radial Shell Acceleration Spectra

2 il,

caa(_.f) : Zi¢alCq if)
(4)

Mean-Square Normal Coordinate Deflection

(_)

Mean-Square Normal Coordinate Acceleration

(6)

MAC 231UM (REV 14 JUN 62)



DATE

REVISED

REVISED

30 .T117V 796_

MCDONNELL
ST. LOUIS, MISSOURI

PAG E

REPORT B731

MODEL

Mean-Square Radial Deflection

<W2a( t)> = ,I cwaa(f) df = T'. (_)2ai <q2(t)>
t

(7)

Mean-Square Radial Acceleration

.°2 2
<Wa(t)> = i aaC_ (f) df = Z(_ai <qi2(t)>

i

(8)

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

f

fi

wi

Mi

A

Ak

t* kJ

[c/(f)]

(_al

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 areas

Matrix of co-spectra of pressures formed as k and # take on

all value_ from unity to the total number of areas. When

k = _, C_(f) is a power spectrum.

Value of radial mode shape at point "a_ in the ith mode

The determination of the variables needed to solve Equations (i) through (4)

is discussed in subsequent sections; once these variables have been determined,

the calculation of the deflection and acceleration spectra is relatively

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

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

of Equations (5) and (6).

3.2 Co-Spectrum Matrix. - Information pertaining to the co-spectrum
matrix is divided into the following five sub-sections.

MAC 2SLUM (REV 14 JUN 62)
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3.2.1 Constant Correlation Assumption. - When utilizing the constant

correlation_assumption dlscu_sed in Reference i, the pressure co-spectrum

matrix, [Cp_f)], is computed from

(9)

,_B

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

by

The input of the pressure power spectra, ckk(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 stralgh_forward approach would require the

input of one table for each element of [Cp_f)]. With i12 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 data; 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

@), but depend only on the increments Ax and A@. 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 A@. The intricacies of these methods are covered

in the nexplanations which follow. In these explanations, the subscript "p"

in [C_(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 Expansion - The Form One Expansion assumes that there ex-

ists circumferential correlation between three adjacent strips. Since the cir-

cumferential correlation is svmmetric, ri.:ht or left, onl_ two strips (columns)

are recuired for input, i.e., t_le correlation between areas laand 5 is identical

to the correlation between areas 1 and 57. The n_aber of sub-areas over which

there is appreciable correlation longitudinally is indicated b:r the crosshatched

section shown as an example case in Fir ure 3.2.1.1-1. Extension to t:_e _eneral
case is strai_htforward. It should be noted that the size of crosshatched sec-

tion is ass_ned to be independent of oosition on the frustum. In other words,

the crosshatched section could nave been showT_ anywhere on the frustum as lon£

as it covers three areas longitudinally and two areas circu_nferentially. Since

the normalized co-spectra are input only for the sub-areas in the crosshatched

section, the input information will be explained as if areas l, 2, 3, 5, 6 and 7

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

MAC 231UM (REV 14 JUN 62)
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Figure 3.2.1.1-1
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malized co-spectrum between each area in the crosshatched section and the nu_-

her 1 area be input as a co-spectra matrix defined as

all

[A] = a21

a31

el2

a22

a32

There is a specific relationship between the location of any element 'B"wlth

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 all. 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 all 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:

_i,i
all = uN = 1.0

a21 = C_, 2

a31 = CI,3
N

a12 = C_,5

a22 = C_, 6

a32 = C_17

The elements of [A] are read into the program by column.

To form the normalized co-spectra matrix for all areas, [C_], the

programming logic assumes that the np_malized co-spectra depend only on relative

position between two areas. Thus, C_% is formed under the following assumptions:

el,3__ 0 7, 9N

cl,& = C5,8 = . . . C57, 6°, where C_ ,__ = 0 since, in this example, there

is appreciable correlation over only three

areas longitudinally.

MAC 231UM rRFV 14 IIIN 62_
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1,5 C ,9 " " " C 3,57_ CN
CN

1,5 .2,6 C6,10 = CN54,58'CN = UN = . . . CN 2,58

c ,5 4,8 = ..c56,6o, ,6o= _N = UN

= = = uN , •

1,6 1,58 C57, 54 C5B'50 etc.CN = CN = = ,

C1,6 = UN"2'59 = CN58,55 = CN54,51, etc.

CI,6 = CN]'60 = C59'56 = C55'52 , etc.

cl'7 = CNS'I1 = CN9'15 = C13'19N , etc.

CI'7 = C2'8N = C6'12N = clO'I6'N etc.

Ci,7= CN1,59= CN57,55= C53,51, etc.

Ci,7 CN2,60 = _58,56 54,62= _N = CN , etc.

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 longitudinally by two areas

or circumfer#ntially by one area. For instance, C_,_8 = 0 _nd C.2.,I0 = O. In

forming [Ck_] advantage is taken of the fact that _k = C_. a

The size of the crosshatched section and the number of longitudinal areas

are identified 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

MAt': 23|UM tRFV 14 lilM _%
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3.2.1.2 Form Two Expansion. - Figure 3.2.1.2-i 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 C1,2 C1,3 Cl,b"

1,2 1 CN2,3 CN2,4CN

C1,3 C2,3 1 CN3,4

cl, _ C2, _ CN3'_ 1
N

= [r] (ll)

The matrix of normalized co-spectra has been defined as [ F ] for convenience.

The superscripts correspond to the areas in the first strip. Since [ F ] 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.,

CNI,2 ' Ci,3, CN1,4, CN2'3' _N_2'4'C3,4 .

Based on the assumptions of the Form Two Expansion, the total [C_ _] is
formed in terms of [ F ] as follows:

(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 FormTwo.

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 I.

MAC 231UM (REV 14 JUN 62)
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@

Figure 3.2.1.2-1
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The effect of Athis approach on the computation scheme is to require the

calculation of [C_f)] for substitution into Equation (9) rather than Inputting

tables as is done with the constant correlation assumption 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 C_%(f) need not be

calculated. Instead, it is necessary to calculate only the elements of [A] or

[F] which are required input when using the constant correlation assumption

method. It is also possible to calculate specified elements of [A] and [r] 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:

CN(_,_,f) = e"_ e-_ cos O (13)

where:

= Ax , streamwise separation distance

= r A@ , circumferential separation

= streamwise decay rate

= circumferential decay rate

_ 2_f_ reduced frequency
U c

U c = streamwise convection velocity

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

results in

1 )2c/(f) : + _

where

[e -k_ cos k O + e -(k'2)_ cos(k-2)O-2e-(k-l)_cos(k-l)O,]

+ 8k_(e_-e'_)sin _IIe-_q + e'(_-2)_q_2e'(_'l)#q I

8kl = 1 if k = 1

8kl = 0 if k _ 1

(i_)
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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

[rS is not so straightforward, but this need not concern the reader since the

relationship is handled by special programming.

3.2.2.1 Example_ - 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 [AS) is 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 4.3.10.4.

Now for illustrative purposes, assume that the following elements of [A]

are to be calculated: all , a21, a12 , a22 , a32. Assume that it is desired to

input element a31 as a table. The order and manner of input would be:

co-table ele. (i,i) - 21 points

co-table ele. (2,1) - 21 points

co-table ele. (3,1) - some specified no. of points less than 21

co-table ele. (1,2) - 21 points

co-table ele. (2,2) - 21 points

co-table ele. (3,2) - 21 points

3.2.2.1.2 Form Two Ex2ansion. - Assume that the following required elements

of [F] are to be calculated: C_,5, CNI,4, C_, 4. This leaves the elements

C1'2, C_ '3 and C2'4 to be input by tables. The order and manner of input would be:

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

co-table ele. (1,3) - 21 points

co-table ele. (1,4) - 21 points

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

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

co-table ele. (3,_) - 21 points

As previously mentioned, the computer program will automatically pick the

correct k and _ to be used in Equation (14); 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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_, streamwise decay rate

B, clrcumferentlal decay rate

Average size (length) of sub-area in

longitudinal direction

Average size (width of sub-area in

circumferential direction

Uc, convection velocity

Unit s

in. -i

in. -i

in.

-1

In addition to the above, KL, KC, and KK are required and have the same

meanings as when used wlth the constant correlation assumption methods.

3.2.3 Power Spectra Input. - Regardless of which form of normalized co-

spectra input is utilized 2 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 area into which the shell has

been divided.

The first optlon 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 clrcumferentially as well as

longitudinally. Thls latter condition is representative of the situation

encountered by spacecraft adapters for non-zero angle of attack. When it is

used, one i_ ineffect_ 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 4 and 5-

3.2.4 Spectr a 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 Deflnitlon of Power Spectra. - The power spectrum levels

are defined such that the area under a power spectrum curve gives the mean-square

value• Mathematically,

OO

c k(f) : cos . .

where Rkk(_) is an auto-correlatlon function.

3-3 Calculation of [¢]T.. The A Arow matrices [@ik ] and [@i_J appearing
in Equation (1) make up the rows of a matrix defined _ [d_] T. That is,

[¢F= t kJl

.M/_;,.J I

Note that k and _ can be used interchangeably since, when used inside a matrix,

each varies from one to the total _umber of areas into which the shell has been

subdivided. The kth element of [_kJ is the integral over the kth area of the

ith mode shape and can be written as

_k = _ %(x,_) aAk (15)
k

where _l(x,@) is the ith mode radial deflection of a truncated conical shell.

Theoretical Mode_ - The mode shape _i(x,@) is given in Reference 13.3.1

for a theoretical set of modes and has the form

n X-Xl cos(ni@ ) (16)
el(x,@) = Aml x cos (_) sin _m--_-
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The variables in Equation (16) are defined as follows:

An i - Amplitude factor of ith mode

x - As shown in Figure 3.3.1-1

-As sh_n in Figure 3.3.i-i

xI - As shown in Figure 3.3.1-1

kmi - L/mi_

L - Length of frustum, xE - x1

m i - Number of longitudinal half-waves

n i - Number of circumferential waves

In order to determine _, Equation (16) is used to substitute for _(x,@) in

Equation (15) and A k is'put in a more definitive form. This results in

Xu+l @v+l
x-x I

_A k = Anmi cos (_) I .r x sin (k-_-i)cos(ni@)r(x)d@dx
Xu @v

The variables Xu, Xu+l, @v, @v+l define the limits associated with A k (see

Figure 3.3.1-i). Substitution of r(x) = x cos (_) in Equation (17) gives

Xu+l @v+l

_ik= A nml cos 2 (9) _ _ X2 sin (_i I) cos(ni@)dGdx
XU V

The integral of Equation (18) is given by

2 2

xu+ XUco )

+ 2\_ sin km i - _ sin +z / \ _mi i

(17)

(18)

_ +_ k3ml sin (___lml)I( _+l (xu+l) _ k_ l'
\k2mi sin kmi- k2mq sin ())

( ) - 2 sin (Xu*l) - sin(_)

+ 2_ cos - cos kmi
(19)
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Truncated Conical Shell Theoretical Modal Representation

r(x)

l

Section of Frustum

.......... _v + I

_X I """" Ov

Figure 3.3.1-1
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where:

1 (An cos 2 (_ in(n i Ov+l) - sin(ni@v) , n i ¢ 0= _i mi

(An cos2 (_))(Sv+l- @V), ni = 0= mi

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

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

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 [4k ] 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 _.3.6.1.

3.3.2 Fourier Series Modes. - When using a Fourier series modal represen-

tation, [_]T is formed in a manner similar to that used with theoretical modes,

except a double Fourier series instead of Equation (16) is used for _i(x,@).

Referring to Figure 3.3.2-1, the double Fourier series in terms of _ and @ is

_DI(_,@) )_ + _.(ami cos(_)+ bmi sin(_)l I c°i__
m

where_

X

L

mi

n i

am i

+   n'n Oll

- Coordinate defining longitudinal distance along part of shell to

be analyzed

- Length of shell frustum to be analyzed

- Coordinate to which Fourier series is referenced

- Length over which Fourier series is defined

- Distance between _ and x(_-x = _), positive as shown in

Figure 3.3.2-1

- Number of longitudinal half-waves

- Number of circumferential waves

- Coefficient for cosine terms of longitudinal series

(21)

MAC 231UM (REV 14 JUN 62)



DATE

REVSED

REVISED

30 July 1965
MCDONNELL

ST, LOUIS, MISSOURI
19

PAGE

REPORT B731

MODEL

Truncated Conical Shell Fourier Series Modal Representation

Mode shape
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I
I

Frustum J

I
I
I
I
I
I

I

Figure 3.3.2-1 1
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- Coefficient for sine terms of longitudinal series

- Coefficient for cosine terms of circumferential series

- Coefficient for sine terms of circumferential series

Substituting _ = x + V into Equation (21) and simplifying gives

_i(s'@) = la°i I Ic°s(Tx) c°s('miw 7) "sin( m---_i_x)sin(T V)I-_- + _'m ami L-- L -

/ mi_ mi_ mi_ .min _]

+ bm i _ sin(T x)cos(_ V)+cos(-_ x)sin( _"-_-V;)]I"L L

I_ + nZICni c°s(ni@) + dni sin(ni@)ll (22)

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

result s in

Xu+l @v+l_ra°i (-- - _IIc--_i_ik = _ _v 14-_- + _ ami c°s(T x)+ bmi sin(T x +
Xu m

(cn_ , ni cos(ni@ )+ dni sin(ni@ r(x)d@dx

where

(23)

_)+ _) (24)
ami ami cos_ bm i sin_

mi_ mi_

- = cos(_-- _)bmi -ami sin(_'- V)+ bm i
(25)

Assuming that r(x) can be approximated satisfactorily by the average radius of

the crosshatched section, ray, the integration indicated in Equation (23) gives

the following result:

_k = _/--_--- (Xu*l " xu) + m_"_ii ml In (T Xu+l) " sin (T xu

( os xu>)llov>

+ n_n_ ICni(sin(ni@v+l) " sin(ni@v))- dni(Cos(ni@v+l)-C°s(ni@v)_ll (26)



MCDONNELL
DATE _n -T_I] "_/ "_ Q_-'i 5 ST. LOUIS. MISSOURI PAGE 21

REVISED REPORTB731

REVISED MODEL

Assuming that the section of frustum to be analyzed is divided into equal

segments longitudinally and clrcumferentially, i.e., Xu+ 1 - x u = Ax and

@v+l - @v = A@, Equation (26) can be written as

 =v  aooI,( m )_ _ AX * _m_i ml _mi sin (T xu) * vmi cos (T xu

-( )1II o - bmi Pmi cos (T xu) " ymi sin (T xu) -_- A@ +

where

r( )n nq Cnl Pni sln(ni@v) + Vnl cos(ni@v)

-dni(Pnl cos(ni@v)- Vn i sin(ni@v))] I

=[c (mi_ ]_mi os _--2- Ax) - 1
•- L

(27)

(28)

• mi_
= sin (---- Ax)

Vm i L
(29)

Pni =[cos(niA@)]- 1 (30)

Uni = sin(niA@ ) (31)

Equations (2&), (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.& 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 4i is

related to the theoretical modes given in Reference 1. The equation for the ith

radial mode, as written in Reference l, is

_i(x,@) c = Ami X COS (_) sin ( ) cos(ni@) (32)

The subscript "c" indicates cosine mode. To obtain a completely general solution,

a sine mode in @ must also be included in the analysis. The equation for this

mode is

•X-Xl.

_i(X,@) s = An i x cos (_) sin (k-_i ) sin(ni@)
(33)

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

given as

ii 4(Xa,@a )s Cqs(caa(f)w, = _ 4(Xa,@a)c Cqc(f) + il f)
i

ii cii - -
where Cqc(f ) and qs(f) are the normal coordinate power spectra for the ith

cosine mode and ith sine mode, respectively.

(34)

In order to write Equation (34), it is necessary to neglect all cross

terms between the normal coordinate responses (normal coordinate co-spectra) in t_

same manner as is done in Reference i. 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 orders_, of magnitude less than the associated normal coordinate power

spectra, C_ and c_i.=_ A further result of the above computer studies is that,

for all practical purposes, C ii and ii
qc Cqs are equal. These findings are for a

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

Equation (34) is simplified and the amount of computation substantially

reduced if it is assumed that C ii = Cii. Thus, Equation (34) is written
qc qs

aa (@2i I cii(f)Cw (f) = (Xa,ea)c*  (Xa,Oa)s qc
i I

(35)

By setting
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Equation (35) becomes Equation (3)• Substituting Equations (32) and (33) into

the above expression for @_i results in

di ( An= mi Xa Xa.X Icos (_) 2 sin2 (___mi) (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.,
Cil = ii
qs Cqc , cannot be used wlth the third power spectrum input option covered

in section 3.2.3.

3_ .2 Fourier Series Modes. -When using a Fourier series modal represen-

tation_ the values of _i are read directly into the computer program• They are

stored in a matrix designated [_]T and are arranged in this matrix as follows:

4 21"" ''l l

2 4 2 ••- 2

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 a ModalDamping, and Modal Fre_uencies. -
The generalized masses 2 modal dampin_ratios, and modal frequencies are input

in the same order as the rows of [_T. In other words, the ith input generalized

mass, damping ratio, and frequency are related to the ith row of [_]T.

3.6 Calculation Frequencies.- The calculating frequencies are best

explained by an example. Let a set of calculating frequencies be given by the
following:
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Calculat ion Cal culat ion

Frequency Interval

50. 2.

60. 3.

70. i.

81.

No. of Calculations

--iNo. of Printouts

le

1.

2.

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, 7h, 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, _ is always input in degrees.

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

Unit_____s

ckk(f) (lh/in.2)2/cps

[_ ]T Dimenslonle ss

Mi lb.sec.2/in.

Output

Normal Coordinate Deflection

Spectra

Normal Coordinate Acceleration

Spectra

Radial Shell Deflection Spectra

Radial Shell Acceleration

Unit s

in.2/cps

(in/sec.2) 2/cps with

ACCEL. = 1.0

g2/cpswith ACCEL. --1/386

in21cps

(in_sec.2)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 [_]T having no units.

This is because of the x in Equations (32) and (BB), which apparently gives

_i units of inches 2. 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 a cylinder,

subjected to random pressure excitation.

4.1.1 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 O_erations. - 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 overcome 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

basic data or inputing the data directly. Also, optional input features are

available. Following is a brief list of these options.

4.1.4.1 Optional [_A_ T.. Three methods are allowed and they are as follows:

(a) z put,
(b) Calculated using theoretical modes,

(c) Calculated using Fourier Series modes.

4.1.4.2 Optional [_b_]T. - Two methods are allowed and they are as follows:

Ca)  put,
(b) Calculated using theoretical modes.

4.1.4.3 Optional Power Spectrum Input. - Three methods are allowed and they
are as follows:

(a) One PSD 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).

4.1.4.4 Optional Co-S_ectrum Input. - Two methods are allowed and they are
as follows:

(a) Form one. See section 4.3.10.4

(b) Form two. See section 4.3.10.4

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 TLU2t Linear Interpolation. - This routine calculates an f(x) for
x bM a linear interpol_tion. No extrapolation will be made. If x is out of the

range of the x values in the table an error indicator will be set. See section
4.6.3

4. i.5.2 DPRT _ Prints Dia_onal Matrix. - This routine prints a diagonal
matrix as a row with proper identification. See section 4.6.4

4.1.5.3 DTRM t 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.

4.1.5.4 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 Prosram Link. - This link is used to call the necessary overlay
links. See section 4.6.1

4.1.5.6 PAlE _ Overla_r Link i. - This link is the first link called by the

main program. The [_A]T, the [_]T, the integral of the O function, and the
integral of the X Ibinc_ion are c_iculated in this routine. See section 4.6.6

4.1.5.7 FHALF_ Overla_r 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 4.6.7

4.1.5.8 SHALF= Overla_r 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: TLU2, DPRT, DTRM, and EXPANU 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 cha_ted and is identified as Figure 4.2-1. It

consists of 9 pages and contains maz_ word descriptions rather than detailed

equations.
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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 Fre_uenc_rData. - 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 the res_e,cAtli_ematrix is to be calculated using theoretical modes.
Three indicates that t aj _ is to be calculated using Fourier Series modes.

Three is not valid for [_m]] . In addition a scale factor for multiplying the
acceleration response functioa is included. This number must be floating point.
An ID, or matrix comment, may also be input.

MAC 231UM (REV 14 JUN 62)
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I
b

fg
ill
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FREQUENCY DATA CARDS

Eo. of Frequency Data Cards

J

J

Cmlculation C_iculation No. Calculations/No. Printouts

Frequencies Intervals

_TRIX CONTROL CARD

II

Code Code (Accel)

[¢.]TScale
Factor

Matrix

Comment s

J

Figure 4.3. i-I
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4.3.4 Calculation of r_IL_AjT By Fourier Series. - If the code specified is

a three, then the set of data described in Figure 4.3.4-1 must be included.
Otherwise this portion must be omitted.

4.3.4.1 Fourier Series Basic Data. - In Figure 4.3.4-i 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 number
of coefficients for the longitudinal series. The maximum number of coefficients

is 31. Following this is a set of cards containing the coefficients with the

first card containing Ro. The coefficients relating to the Fourier Series are

defined in Equation 21, Section 3.3.2.

4.3.4.3 CircumferentialCoefficients. - In Figure 4.3.4-1, under Circumfer-
ential Coefficients, the first card contains a fixed point integer denoting the

number of coefficients for the circumferential series. The maximum here, too, is

31. Following this is a set of cards containing the coefficients with the first

card containing R o. The coefficients relating to the Fourier Series are defined

in Equation 21, Section 3.3.2.

@
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i
I
I
I
I
I
I
I
I
I

11_ I_1._/

Average Radius Length of
of Frustum or Frustum or

Cylinder Cylinder

No. of Longitudinal Divisions
. of Circumferential Divisions

4_141I 4oi 61 7_"_

Origin of Mode Length of

Shape less Mode Shapes

Origin of
Frustum or

Cylinder

(Must be positive)

No. of Modes

LONGITUDINAL COEFFICIENTS

No. of Coefficients

iS" /d;

a

f9
L,, Ill

b m

CIRCUMFERENTIAL COEFFICIENTS

No. of Coefficients

I I,,-"t_ #,'_._1 "f_T"

c d n

(Repeat both Longitudinal and Circumferential Coefficients for each mode).

Figure 4.3.4-i
I
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4.B.5 Calculation of Either [_k ]T Or [_)" IT B_ The Theoretical Modes. -

If the code specified for either [_A]T or [_ m IT 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.B.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 maxlmumnumber of theoretical modes is 25.

4.3.5.3 Distance Parameter Card. - In Figure 4.B.5-i, under Distance

Parameter Card, a single card is described which denotes two floating point
constants. These are used by the Theoretical Modes Option.

MAC 2$1UM (REV 14 JUN 62)
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I I 'I Radi_l Mode Coefficients (A)
I l

' No. of Longitudinal Half-waves (m)
i
]io. of Circumferential Full-waves (n)

DISTA_CE PARAMETER CARD

; e /_1_ '_i
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l
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Figure 4.3.5-i
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4.3.6 Calculation of _A]T Usin6 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 cwmitted.

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 addition to that, the

parameter which defines the number of longitudinal areas is limited to a maximum
of seven.

@
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AREA PARACHUTER CARDS

fill
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! I
! !
, t
' I_!o.of Longitudinal Areas
I

l_o. of Circumferential Areas

Figure 4.3.6-]
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4.3.7 Calculation of [_T Usin_ Theoretical Modes. - When the code spec-

ified is a two, then the set of data cards described in Figure 4.3.7-i 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.

MAC 231UM (REV 14 JUN 62)
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ACCELERATION RESPONSE POII_S DESIRED

fill
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Each value is distance measured from the apex.

Figure 4.3.7-:
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4.3.8 Input [_A]T . - 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.

4.3.8.1E$AITDataC_ds.-InFi_e _.3.8-i,_der[eA]TDataC_ds,
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 a 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.

MAC 231UM (REV 14 JUN 62)
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4.3.9 Input [_z]T . - When the code specified is a one, then the set of

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

4.3.9.1 [_]T Data Cards. - In Figure 4.S.9-1, under [¢_]T Data Cards,
the first card contains a pair of fixed point numbers denoting the order of the

matrix to be input. Followin_ 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 maximmn 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.

MAC 231UM (REV 14 JUN 62)
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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.i.i 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-S_ectra 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 4.3.10.4

4.3.10.1.3 Empirical Co-Spectra Calculate Code. - In Figure 4.3.10.1-1 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.

MAC 231UM (REV 14 JUN 62)
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TABLE CONTROL CARDS

I Z _ 4 I_| I_i _i,_till

,IIi, Scale Factor on PSDs only
ill 1

i i I II I I

',I Scale Factor on Frequency (all Spectrum Tables)
_,_mpirical Co-Spectra Calculate Code

'--Normallzed Co-Spectra Exp_sxon Code
L--PSD Input Code

' : No. of Circumferential Areas over which there is Appreciable
I i

' ' Correlation, KK (Not Applicable if Form 2 is used)

' _o. of Longitudinal Areas over which there is Appreciable

Correlation; KC

o. of Longitudinal Areas, KL

Figure 4.3. I0. I-i

MAC 231UM (REV 14 JUN 62)



MCDONNELL
DATE 30 July 196_ ST.Lou,s, MISSOUm PAGE _

B731
REVISED REPORT

REVISED MODEL

4.B.10.2 Empirical Co'Spectra Calculation Parameters. - If the code specified

is non-zero, then the data card described in Figure 4.S.10.2-1 must be included.
Otherwise this card should be omitted.

MAC 231UM (REV 14 JUN 62)
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Longitudinal Circumferential Average Size Average Size Convection
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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 ll2. 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.

(c) If the code is three, then the number of tables input equals the
number of surface areas.

MAC 231UM (REV 14 JUN 62)
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(Repeat process for each PSD table input)

Figure _.3.10.3-i
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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

21. 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 areas

by column, including the (l,1) element, up to KC, which is the number of longi-

tudinal areas over which there is appreciable 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

explanat ion.

(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 KL(KL-I), where KL is the number of longitudinal areas. See section
2

3.2.1.2 for physical explanation.

_.3.10.4.1 Element-By-E1_ment Calculation Code. - In paragraph _.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 TAJ_LES

I|I

Eo. of Points in Table

Frequency Values (four per card)

I'!ormalized Co-Spectrum (four per card)

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

Figure 4. _.i0.4-i
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4.3.11 Normal Mode Parameters. - In Figure 4.3.11-i 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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HOR14kL MODE PARA_,TERS

f,j
III

No. of Modes

I_ I&

Normal Mode

Generalized

Ma ss

I_i!ormalMode

D_unping

Coefficient

_J

Normal Mode

Frequency

Figure 4.3.11-1
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4.4 O_erational Procedures. - This section contains two basic operational

requirements. They are operating instructions aud deck configuration.

4.4.1 Operating Instructions. - The basic computer setup is described on the

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

DECK NO.

T650 I TITLEConical Shell Deflection and Acceleration Response Program
PROGRAMMER

A. Brunkow/ S. Llnn: 3ept, 73, MAC
REQUESTED BY

Dept. 236 , MAC (Contract NAS 1-3179)
REPLACES DECK J NEW DECK I MODIFICATION OF DECK

I I[]
RESERVED TAPES USED

ASSIGNED TO

S. Linn

IDsos II"l FORTRAN 1-r

J DEPT. IC.R. NO.

[ I OTHER_] ' B- SYS []

None
UTILITY TAPES USED

None
OUTPUT

TAPES Standard Fortran Printout Tape

DEFINE CARD FORMAT BELOW

! 2 3 4 5 6 7 8 9 10 11 12 1314 15 1617 18 1920 2] 2223 24 2526 27 2@2930 31323334 35 3@37 38 39 4041 424344 45 4647 4849 5o 5152 5,154 5556 5758 5960 6162 6364 6566 6768 69 7071 7273

EST. NO. OF INPUT CARDS PER CASE

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

.02/.15 hr (70_94)
EST. PRINTING TIME PER CASE

.o_/.4om- (14oi)
CANT.,SJO..E,NTERRUPTED
[]YES[3NO

CAN MORE THAN ONE CASE BE RUN AT A TIME

E]YES [--]NO

J PECIAL INSTRUCTION:

None

MAC 231UM (REV 14 JUN 62)
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4.4.2 Deck Configuration. - The basic deck setup is shown on the following
pages. The control cards for IBSYS 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

MAC 231UM (REV 14 JUN 62)
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DECK ORGANIZATION

End of File Card

Overlay Link 3, SHALF

$ORIGIN ALPHA
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$ORIGIN ALPHA

i
Overlay Link i, PARTI

$ORIGIN ALPHA

Main Program & Subroutines

$ Control Cards

ID
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DECK ORGANIZATION (Concluded)

$IBSYS

8 END OF FILE CARD

Case N Data

Case 2 Data
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4.5 .Error Analysis and Messagea - There exists in the program various

error checas 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 llst of error comments and their meanings.

4.5.1 Program Carmot Cont_Inue_ Gamma m X.XXXXEX_ - This is the result of
a negative gamma to be used in _h_ Fourier Series Calculation. The program
terminates.

4.5.2 Response Calculation Involving PHI2T & P_TAT Depends Upon Assumption

of S_n_netrlc Pressure Power Spectra Distribution. LCOD = Indicates Uns_mm_trlc
Distribution - This is s'eif_explenetoryl. The co_enm is mereAy a _mrnlng.

4.5.3 Error, PHI2T & PRIAT Incompatible, XXX YYN- 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 Unequel_ XXXYY_ - The number of normal

modes specified must be t_e same as the number of rows of PHI2T.The error
terminates the program.

4.5.5. Error, TLU ERR In XXXTablea - 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 frc_ 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.

_.6.1 Main Program. - Figure _.6.1-i shows the linkage of the various sub-

programs as they are executed by the main program.

MAC 251UM IREV 14 JUN 62)



@

DATE

REVISED

REVISED

MCDONNELL
STo LOUIS, MISSOURI

MJ_ZN PROGIV_

_AOE 6_

REPORT B731

MODEL

i

Figure 4.6.1-1
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4.6.2 Subroutine EXPANC. - Figure 4.6.2-i shows the calling sequence and

flow of the EXPANC subroutine. Note that this is for expansion form two.
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Figure 4.6.2-i
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Subrout_ae EXPANC (Concluded)

.z'/ : l
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I-
I
I
I
I
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I

_= I/,Zz

Figure 4.6.2-1(Concluded
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4.6.3 Subroutine TLU2. - Figure 4.6.3-1 shows the calling sequence and flow

of the table lookup routine, TLU2.
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Figure 4.6.3-1
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4.6.4 Subroutine DPRT. - Figure 4.6.4-1 shows the calling sequence and flow

of the diagonal matrix print subroutine, DPRT.

@
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Figure 4.6.k-1
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_.6.5 Subroutine DTRM. - Figure _.6.5-1 shOWs the calling sequence and

flow of the d_asl matrix product subroutine, DTRM. It calculates productrowA *[

•
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Figure 4.6.5-1

MAC 131UM (RE¥ 14 JUN 12)



MCDONNELL
DATE _0 July 196_ ST.-ouls, .,ssoum PAGE 79

B731
REVISED REPORT

REVISED MODEL

4.6.6 Link OneI PARTI' - 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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Figure 4.6.6-1 (Continued)
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Figure 4.6.6-1 (Continued)
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Figure _.6.6-i (Continued)
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MAC 2$1UM (REV 14 JUN 621



DATE

REVISED

REVISED

i

_0 July 196_
MCDONNELL

ST, LOUIS, MiSSOURi
PAOE 87

REPORT B731

MODEL

Subroutine PARTI

(Continued)

®

, T

Figure 4.6.6-i (Continued

MAC 231UM (REV 14 JUN 62)



DATE -- _0 J_Lv 196_

REVISED

REVISED .

MCDONNELL
IT. LOUIS, MISSOURI "AaE 88

REPORT B731

MODEL

Subroutlme PAl_l (Continued)

OAl_ _N/4 T

T

t
I ,_: l I

T
I THFF = 7-//TP

,. -,fv,,
I¢,==T_,T/m¢.__F,I

Figure 4.6.6-1 (Continued)
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Figure 4.6.6-1 (Continued)
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4.6.7 Link Two t FHALF. - Figure 4.6.7-1 shows the rema/ning 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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program and how the desired responses are calculated. This portion consists of

20 pages. Control returns to the MAI_ program after this link is completed to

begin on the next case, if any.
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4.7 Nomenclature Table. - To adequately examine 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 c_ent stating its usage or its description.
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4.8 Pro_r am 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. mathemaLtical routines) are not contained in the listing or the
actual program cards. It is assumed that these blmic 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 cos_ilation 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 4.4.2.
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4.9 Sa_le Case. - This section contains a sample case composed of a card

input listing and the corresponding computer 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 imNas-

urabl_ in understanding the program and its requirements.

4.9.1 Sample In_t Listing. - The sample input listing, shown on the

following pages, is an off-line listing of the cards as they would be setup for

a computer run. To understand this section reference should be made to section 4.3
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_.9.2 Sam]pie Output Listing. - The sample output listing, shown on the
following pages, is a direct result from the sample input sad the DARC program.
It contains 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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