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FOREWORD

The program reported herein was performed by the General
Electric-Space Divi;c,ion, Valley Forge, Pa., for the George C. Marshall
Space Flight Center, Marshall Space Flight Center, Alabama, under
Contract NAS 8-28167. The performance period for the work was
2 December 1971 to 29 June 1973, The principal investigator was
Edward J. Kuhar and the program manager was Clyde V. Stahle. The
NASA Technical Monitor was Dr. John R, Admire who provided valuable

guidance throughout the course of the program.

The results of the study are described in the main volume of this
report and include the theoretical development of the dynamic transforma-
tion method, numerical results from the application of the method to
several sample problems, and some compa‘risons with other available

methods of analysis,

The separate addendum to this report provides the user instructions
for the DAMUS computer program (Dynamic-transformation Adapted to
Modal-synthesis Using Stiffness Coupling) which implements the method

developed under this program.
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Nomenclature

mass matrix for substructure in ix} physical
coordinates

stiffness matrix for substructure in {x} physical
coordinates

matrix of substructure eigenvectors in {x}
coordinates

mass matrix for total structure in {x} physical
coordinates

stiffness matrix for total structure in {x} physical
coordinates

matrix of eigenvectors for total structure in ix}
physical coordinates

generalized mass matrix for total structure in {q}
modal coordinates

generalized stiffness matrix for total structure in {q}
modal coordinates

matrix of eigenvectors for total structure in {q}
modal coordinates

dynamic transformation matrix

transformation matrix defining the relationship of the
reduced coordinates, {qR} , to the kept coordinates {qK} .

physical coordinates
generalized modal coordinates
system circular frequency
substructure circular frequency
reduction circular frequency

number of degrees of freedom in structure

iii



ij

Subscripts

refers to the ith subset, term, or substructure
incremental mass from coupling spring
incremental stiffness from coupling spring
kept coordinates

reduced coordinates

Superscripts

kept coordinates
reduced coordinates
attachment coordinates

interior coordinates not attached to any other sub-
structure

revised value
second time derivative

particular submatrix partition
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SECTION 1

INTRODUCTION

This document describes a Fortran IV computer program used to per-
form modal synthesis by stiffness coupling using the dynamic transformation
method. The program has been named DAMUS (Dynamic-transformation
Adapted to Modal-synthesis Using Stiffness-coupling). The program begins with
the entry of a substructure's mass and stiffness matrix. The eigenproblem for
the individual substructure is solved. Provisions are included for a maximum
of 20 substructures (100 DOF max/substructure) which may be coupled by 100
stiffness matrix springs (100 DOF/spring). The substructures are then coupled
together via coupling springs, and the dynamic transformation is used to reduce
the size of the eigenproblem. After solving for the coupled system eigenvalues
and vectors, the user may elect to backsubstitute selected modes. The total
number of modes treated by the program is 300 consisting of 100 kept coordin-
ates (maximum eigenvalue size) and 200 coordinates reduced by the dynamic
transformation. For user flexibility, six major entry points have been included

in DAMUS,

Input data for DAMUS is mainly accomplished by the READ and READIM
FORMA subroutintes. Output data to be saved is written on files generated by the
WTAPDS and WTAPSS subroutines written specifically for DAMUS. Those files
which contain data to be saved should be copied to tape after the execution of
DAMUS. A total of 12 files have been defined for use by the program. Depending
on user options, the number of files used at any one time will vary; and at no

time will all twelve be used simultaneously.
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SECTION 2

THEORETICAL DISCUSSION

2.1 BASIC THEORY FOR STIFFNESS COUPLING

The stiffness coupling method of modal synthesis assembles the com-
plete structure in the same manner as the displacement method for structural
analysis. The total structure may be represented by a number of substructures
connected through flexible links, Each substructure is analyzed without the
flexible links to determine the component vibration modes with free attach-
ment coordinates. The flexible links are represented by a stiffness matrix
relating the interface forces from one set of substructure attachment coordin-
ates to another,

The method of substructuring for stiffness coupling may best be illustrated
by considering a total structure consisting of only two substructures. The
general undamped equation of motion for the ith substructure in terms of its
generalized mass matrix, EW\L] , and generalized stiffness matrix, [z&;] ,

is given by

®0
[mid{x « [k {x] =0 (1)
where the coordinates {x;_} describe physical motions of the mass points,
Each substructure has two sets of coordinates which will be referred to as
A I
attachment coordinates, {’x._} , and internal coordinates, {‘)CL} . The
attachment coordinates are those degrees of freedom (DOF) which are connected

to another substructure via a stiffness matrix or coupling spring. The internal



coordinates are those DOF which are not connected to any other substructure,
It is important to note that for stiffness coupling the coordinates belonging to
one particular substructure are not common to any other. If n; represents
the size of the ith substructure and W the size of the total structure com-

prised of A substructures, then n will be given by
PAS
n= 2 n (2)
L=l

Having defined two sets of coordinates for each substructure, Eq. (1) may be

written in partitioned form as

Pz osA Wl o A

mi . mg X &i l &t X

SRR [ R TN FROLSN Y I S G (3)
21 22 wl {(zll .33 I

mg | mg X i ke || %
nixng nixl Niaxn; nixl

Now consider the total structure to be described by a mass matrix, [MT] )

and a stiffness matrix, [KTJ , such that

[Mr]{ir} +[Ke]{xe} =0 (4)

nxin nx | nxn nx}
h
where _—
Myto | ™
L_MT] = --j"_u "
o M| ™
xR L

FKT",: Ke |

[K+)

2l
nyn _K:‘ : K-r N (5)
x n,
(et = 1%20]
nxi



A A
If we describe the connecting structure between {X., } and {%;}

by a mass matrix, [W\A] , where

"o A
Mal = |7~ 1T R
22 A
o | n (6)
(n4n])s(nirng ez | e
n' n

A A
and a stiffness matrix, [k,,_], relating the nodal forces, {Fé i , to {‘)Lg_i

by the equation

A n oy 1 A A
F: - &CPL I&m Xl "

Al Ty T, nl ) A LA
F Keou 1fep | (X2 | ™ (7)

: (n+n e hA A
Then [Mr]and [K‘r] may be written in partitioned form using the submatrices

defined by Eqs. (3), (6) and (7):

o n iz | ( ‘ a
M, +My w"z. I o o —1 n
o e e e I
1 ' M. ‘ (o) (o) h.
] o |- o e e
o l [0 ol ‘2 A (8a)
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| 2 22 I
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o ' —
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N—————r—— Ny
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and recognizing the partitions belonging to each of the substructures, Eq. (4)

may be written as

t
aPukretv B M, SO SR | AL pre Koo A U (10)
nxn N h x| nen nih nal

T
For each substructure defined by Eq. (1), a set of eigenvalues, Pwtg ,

and a set of mass normalized eigenvectors, [¢L] , can be obtained such that

[&] [m] [ 4] = [1] (1a

nixhi  mpang nixn;
[‘b‘]T (4[] - FW“J (11b)
wWani  hihg h xni

Using the results from Eq. (11), we can now express Eq. (10) in terms of a

set of generalized modal coordinates, {3_} . The coordinate transformation

{75'} = [¢]{%}

is given by

nxn  nxl (12)
where ix} = {-}2} {3-} = {-g‘:} (13a)
nx) nxi n«l nx)

(61 2] -

Substituting the transformation for {7(} into Eq. (10) and premultiplying by

[ ¢]T yields
QRIS R RING NG

%
nxt hxih nx |

N

newn



Solution of Eq. (14) will result in a set of eigenvalues, [\n‘t\] , and then
corresponding eigenvectors, [x.] . Because of the similarity transforma-
tion used to obtain Eq. (14) from Eq. (10), the eigenvalues of Eq. (10) will
be equal to those of Eq. (14) and the corresponding eigenvectors, [éxj ,

of Eq. (10) will be given by
['}%] = [‘b] D] (15)
Nnik nen nxn

Eq. (14) represents the most general form of the equation of no tion for stiffness
coupling. This equation is generally solved by partitioning the {%} coordinates
into two groups, kept and truncated. The truncated coordinates correspond to
the high frequency substructure modes and are completely omitted from the
equation of motion., Those degrees of freedom remaining, the partitioned set

of kept coordinates, determine the final reduced size of the eigenvalue problem

to be solved.

The general form of Eq. (14) may be simplified further by including the

i . .
correct My, partitions from Eq. (6) in each corresponding EML] at the
substructure level. This is reasonable because we are assuming that there is

no inertial coupling between substructures. This will result in [Maj = 0 and

Eq. (14) reduces to

[11{§}+ [KI{3} =0 (16)

Nnn nel nen  nxi
where
w'! o T (17)
(€] =25 | + (0] Txen] [ ]
hxia ‘wl
nxn Nt hxn hzh
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After solving for the Wy;'s and ¢,_' 's, the only lengthy calculation left to

be performed in order to obtain Eq. (16) is the matrix triple-product involving

[KCPL]' If we partition each [¢L] r(;w-wise in terms of its

coordinates such that

A 7 A
o2 7 n
[cb‘] = -3 ‘I
{ J ni
hy xng "
Eq. (13b) can be written as

—¢‘A o |np
[ CPJ = (p:I oA h't
© ¢, n,*
nx o 4,21 V\zI

h, Ny

A I
Ng and N

(18)

(19)

By forming the triple product [¢]T[km][ cp] using Eqs. (9b) and (19) and

refactoring the result in terms of the matrix partitions, the resultant form of

the triple product may be expressed as

[¢°] [£e1[¢"]

where A A
oy - ferie]
- V LA A
o ¢ | "
(nrend)xin N, e
"
n (X3 A
'& &CPL "£cn h,
[ = |[SotEe
é :—: | 22 nzA
c
A n D xnfend) | TheR
nonp

and the final form of [K] in Eq. (17) may be expressed as

w,zl
(K] = =5 5|+ [0°] 4] [
Nxn "

(20a)

(20Db)

(20c¢)

(21)



2.2 DYNAMIC TRANSFORMATION

As a result of omitti;’lg the higher substructure modes, the solutions
from the truncated Eq. (16) will have errors introduced. The truncation errors
can be greatly diminished by including the modes that would have been truncated
through a dynamic transformation. Instead of truncating or omitting modes,
all modes can be included through a transformation that relates the '""reduced"
modes not contained explicitly in the solution to the modes that are ''kept. ' If
-.Q-LZ corresponds to an exact eigenvalue of Eq. (16), the relationship between
the eigenvalue and its eigenvector may be expressed in terms of the kept, {5— },

v
and reduced, {%} , coordinates as:

% &&\ i &

2 & LK F
Q. [I] *Z-‘;- = {Tﬁ"{ K Z‘V (22)

hah hx ) nan nx |

Y
where the i%} corresponds to those modes previously truncated. If we
designate V\ﬂ as the total number of modes kept from all the substructures

and N, as the total number of modes reduced, then

h=Ng + Ny (23)

2
Expanding Eq. (22) into two equations for some general frequency, pz = _(7.,; ,

P{3°) <[k 1[5 + [k*1 {57 210

yields

hk‘ | hk 2Ny Ngxl herhy My )
vk % ¥
elg )= [k*1s* « [l
Ny x | Nyx Y\k n{(‘l Nt Ny NpX \



r
Solving Eq. (24b) for [3—} in terms of Zz.é} gives

§43 = [R1{3] =)

nyx1 NexNg Nerd
where

[R] = - [K"- F‘I)-' [k¥¢]

Ny % N Ny X Ny Nyx g

(26)

Using Eq. (25) for some ''reduction frequency'!, P , We can write

23 LE L [R5 o

hed hx) Nxng  Nexld

The dynamic: transformation matrix, [T] , is then defined as

I
[T]= [R ] (28)
nxng nx V‘((

The reduced equation of motion is obtained directly by substituting the coord-

{%} - [TJ{ZJQ} (29)

nx | nxNng  haxl

inate transformation

into Eq. (16) and pre-multiplying by the transpose of [T_] . The reduced
generalized mass and stiffness matrices can be written in the partitioned forms

given by Eqgs. (22) and (28):

[m*] = [1] + [R][R]

30
he xhe Ngxhg  Ngahy Nypxhng (30a)

(4] = [T + 2 [k TR0+ [T k)]

'Yl{‘x Ng Ngxng Ngxhy Nyang

(30b)

hesh, Nexhy "rhg
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Conventional methods of determining eigenvalues may be applied to the
&
reduced equation of motion to obtain a set of eigenvalues, F.ft \] , and a
“
corresponding set of mass normalized eigenvectors, [ ¥ | From the coord-
. \ 4
inate relationship defined by Eq. (25), the reduced eigenvectors, [V J ,
A4
corresponding to the S% i reduced coordinates are given by

[¥"] = [R] L\‘q (31)

Ny x Ng Nexhy WNexhg

['yl:\r'] _ -}/f_ ng
1y | n (32)

where

and the physical eigenvectors for the total solution will be given by

[&x]=[¢][ r*] (33)

hang nxn hWing

*
This solution will be exact for any _S'Ld which is the same as the reduction
frequency, f) , used in developing [T] .

Significant improvement can be obtained in the modes and frequencies by
applying the Rayleigh-Ritz method in conjunction with the dynamic transforma-
tion for individual modes. This part of the dynamic transformation will be

£
referred to as backsubstitution., For each -Q-L to be considered, a revised
-2 : 4
mode shape,[Y,; J, can be determined by substituting 7’=—:LL in [2]

and mass normalizing the mode shape:



v 2

D’L] = [Rc][l(.; ] : (34a)
bvqT tr

a; = [Xé ] [\‘i ] (34b)

NF = A

(34c)
- Er
[)’fr] = NR [y ] (34d)

where NF,: is the normalization factor used to mass normalize one X,‘_ for

£
some JSL;

£
A new estimate of [1; will be given by

ot © = [g’cﬂr]T[K] | ?c{r]

Another measure of the accuracy of the solution is provided by the change in

the eigenvalues and is provided by the eigenvalue ratio defined as

ﬁ-f /—Qfe)z .



SECTION 3

PROGRAM ENTRY POINTS

In order to provide user flexibility and at the same time minimize
computation of basic data changes, six major entry points have been
established for DAMUS:

1. Basic substructure data entered, subsystem eigensolutions,

2. Coupling spring stiffness data entered and stiffness contribu-
tions calculated.

3. Selection of modes to be kept/reduced/truncated, generalized
mass and stiffness matrices calculated.

2
4. p value for dynamic transformation entered, eigensolution
for system using the dynamic transformation.

5. Calculation of physical eigenvectors for total system,

6. Backsubstitution of selected modes from system solution.

Entry into the program is accomplished by designating a specific entry
point (EP). Termination of the program is accomplished by designating

the last EP the user desires to execute.

The Fig.3-1 flow chart is included to show the general flow of
the program. A corresponding flow chart showing the main Fortran
subroutine called by the program may be found in Appendix B, The flow
chart for input/output files required by the program at each EP is in

Section 4. This flow chart corresponds in form to the one shown in

Fig. 3-1.
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A special vector input notation is used for reading in vectors used
to select DOF orders. When it is required for the user to select a group
of DOF's to be re-ordered or to designate a group of coordinates to be
printed from a substructure, a vector of identifying DOF's is read into
DAMUS by the READIM FORMA subroutine. The order in which the DOF
numbers appear determines the particular sequence of DOF desired. If
a sequential set of numbers from N1 to N2 is desired, the input may be
abbreviated by the user. Inclusive groups of numbers to be generated in
ascending order may be specified at any one time by using three elements

of the input vector IV where

Iv({I) = NI
IV(I+1) = O .
IV(I+2) = N2,

The integers from N1 to N2 will be sequentially expanded in the IV matrix
starting from the IV(I) location. The last element of IV must be negative

if this abbreviated form of input is used.

For an example, let us consider a substructure with 20 DOF's. 1t is
desired to print only 10 of the substructure DOF's in a different order. The
vector for reordering the DOF's would be designated as a 1 x 10 on the
READIM header card. If the order to be printed is given as

7,8,9,10,2,1,15,16,17,18
then the shortened input vector would be given by

7,0,10,2,1, 15,0, -18.



If all the DOF's were desired to be printed in their original order, the
input vector (1X20) would be

1,0, -20
and the expanded vector of numbers 1 through 20 would be generated by

the program.

Entry Point 1

The mass and stiffness matrices, Emo] , r‘£¢] , for each substruc-
ture are read into DAMUS at EP-1. The substructures are defined in the
program by a user supplied number which ranges from 1 to 20. Since
each substructure is to be identified in the program by a distinct number,
their input may be in any order. Input data for the mass matrix may be in
two forms: an ni x ni square matrix or a 1 x ni row vector, Before
solving the substructure eigenproblem, the attachment coordinates must
be identified and partitioned into the xiA set. An input vector IDDOF is
used here to specify the NiA coordinates. Since the special input notation
as previously described is to be used, only the niA coordinates need be
specified. The program will complete the vector for re-arranging the mass
and stiffness matrices. The niA coordinates must be partitioned in the
same order as the coupling-spring DOF's. If one substructure couples
to several others, then each set of attachment DOF's must be specified
in the order in which they will be used. For example, assume that sub-
structure i couples to 3 other substructures. The X, coordinates may

1

then be partitioned as



Ay Al

A A ny
{%c ﬁ = 42w
xLAB V\.‘_AB
Al A2
(1f xi = xi , then only 2 partitions need to be specified). For EP-2,

it will be necessary to input the n, ¢ locations since each spring only
i
couples 2 substructures at a time. Thus, there will be at most, 3 sets
A . . . .
of CPi associated with substructure i. After re-arranging the sub-
structure DOF's, the complete vector will be printed out to allow the user
to identify the substructure mode shapes. An additional input vector is
required here to select which substructure DOF's are to be printed after
the system is coupled. The DOF order desired refers to the original m;,
. .. A 1T .
ki’ read into core, not the partitioned Xi ’ )Li coordinate set. If one
desired all of the coordinates to be printed, the abbreviated vector
( 1=x ni) would be given by 1, O, -n; in the READIM format. An option is
included at this point to rotate the m_, k into system coordinates by
1 1

reading in a 3 x 3 direction c¢osine matrix. The substructure may not

be rotated if its size is not divisible by three.

Another option for EP-1 is one for altering or adding substructure
data. The user may add new substructures at any time. If a substructure
01-‘ group of substructures nee:d to be altered, only those to be changed can
be entered. The program tapes will be updated to reflect the changes

without regenerating previous unaltered substructural data.
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Entry Point 2

Coupling spring stiffness data is entered here. Each coupling
spring stiffness matrix is associated with only 2 substructures. The
user must specify which two substructures are being coupled, the number
of attachment DOF's associated with each substructure, and the starting
location of the niA}' coordinates that were specified by the IDDOF vector

in EP-1, The program then performs the product
T
[6*]" [Kee ][ @]

and saves the result for assembly in EP-3 where the <p A contains only

Ai
those Xi coordinates corresponding to the chL;_ DOF's, As in EP-1],
the user may add additional coupling springs corresponding to more sub-
structures added. If a substructure was altered, this EP must be executed
again to reflect the substructures' altered eigenvector. Only those coupling

springs of direct concern need be calculated. The program will update

the tapes without regenerating previous unaltered substructure data.
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Entry Point 3

At this EP, the user specifies which modes are to be kept and re-
duced. The input matrix KEEP (2 x MAXSUB) is used where the column
corresponds to a substructure. The (1, i) location specifies the total
number of lowest modes kept for substructure i and the (2, i) row specifies
the total number of next highest modes to be reduced. All other modes
will be truncated. The restrictions for the total kept and reduced modes

are given by
MAXS Ug

> KEEP (1,¢) < 100

i=|

MAXSUB

T KEEP(2,l) & Zoo

=\
The generalized stiffness matrix is then assembled in its kept and reduced
partitions. There must be at least 2 modes kept from each substructure
read into DAMUS. For KEEP(l,i) = 10 and KEEP (2,i) = 20, the program

will select modes 1 to 10 for the kept partition from substructure i and

will place modes 11 to 30 in the reduced partition.

Entry Point 4

The reduction frequency, p , is entered at EP-4, and the dynamic
transformation is applied to obtain the reduced mass and stiffness matrices.

The eigenvalues for the coupled substructures are now obtained.



Entry Point 5

This entry point calculates the coupled physical eigenvectors*
which are printed in substructure groups. The order in which they are
to be printed is determined by the order the substructures were originally
read into DAMUS. The user must specify how many modes are to be
printed by specifying the first and last mode number of the group of
modes desired. Considerable computer time may be saved by selecting
coordinates and printing a few of the modes since only those selected will
be calculated. The user may desire to re-enter the program to select
new coordinates to be printed or more modes. If the option to obtain new
coordinates is selected, the user must specify which substructures will
be printed and a new identification vector for selecting the coordinates
for each substructure being considered. When selecting only different
modes to be printed, those coordinates previously defined in EP-1 will
be used to calculate physicals. An option also exists for making the co-
ordinate selection a permanent change and will cause the basic program
tapes to be updated to reflect any new ordering specified by this entry
point. The order in which the substructure groups will be printed may

be altered this way.

*Referred to as ""physicals' for convenience,
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Entry Point 6

This EP is for backsubstitution. The user may select in any order
up to 30 modes at a time to be backsubstituted. The same physicals as
specified in EP-5 will be calculated and printed. If the program is entered
here, it will use the system tapes previously generated and saved to cal-
culate the physicals. For new coordinate selection in EP-5, the correct
save tape must be used to obtain the physicals. If EP-6 is executed after
EP-5 and a new coordinate selection was made, the physicals calculated
will be those currently specified in EP-5. The new eigenvalues will be
printed along with the normalization factor used to mass normalize the
vectors and the frequency ratio (5-&,' /_ﬂ.% )2 used as a measure of the

frequency change.
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SECTION 4

INPUT/OUTPUT DATA

4,1 INPUT DATA

This section describes the necessary input data required to
execute DAMUS and is ordered by entry points. The data cards and
the variables appearing on them are listed in sequential order with
the input format or FORMA subroutine specified. The definitions for

the variables specified on the cards are given to clarify their meaning.



Input Data for Starting Program

Card

No. Input Order Format

1 IRUNNO, UNAME (A6, 4X, 3A6)

2 TITLE 1 (12A6)

3 TITLE 2 (12A6)

4 FOD (E10.0)

5 NTAPE(l), NTAPE(2),..., NTAPE(12) (1215)

6 IENTR, IEXIT (215)

Definitions

IRUNNO = Run No.

UNAME = User's Name

TITLE 1 = First Title

TITLE 2 Second Title

FOD Final off-diagonal value for diagonalizing a
matrix [A] using the method of Jacobi.

NTAPE(I) Twelve tape and/or file units used by the program
and assigned by the user. Only those tapes
actually used must be specified,

IENTR Entry Point for entering program. There are 6
entry points in all defined by the integers from
1 to 6. 1If the program is being entered at Entry
Point 1 other than the first time, then IENTR = -1
must be specified.

IEXIT Exit Point for terminating the program. The exit

points are identical to the entry points with program
termination occurring after the execution of the entry

point specified by IEXIT.



4.1.1 Input Data - Entry Point 1

Card

No. Input Order Format
1 NSUBS, IOP (215)

2 ISUB, KEPMOD, MOPT, IROT (415)

3 IDDOF (1XN1) READIM
4 K (NXN) READ

5 M (NXN)} or (1XN) READ
(6)* RCOS (3X3) READ

7 IPDOF (1XN2) READIM

Cards 2 through 7 are repeated for each substructure defined.

Definitions

NSUBS = Number of substructures to be read into program
at this time. There will be NSUBS sets of cards
from 2-7 following Card 1.

IOP = 0 denotes the first time the program is entered
at Entry Point 1
= 1 denotes more substructures are to be added

to a set of substructures previously defined
= 2 denotes one or more substructures from a
previously defined set are to be changed.

ISUB = Substructure identification number which ranges
from 1 to 20. Each substructure must be identified
by a different no.

KEPMOD = Total number of modes to be saved on tape for sub-
structure "ISUB.'"" This number must not be less
than the sum of the number of modes to "'kept'' plus
the number of modes to be '"reduced' for this parti-
cular substructure,

*( ) denotes optional input data and is not required if option is not exercised.
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MOPT

IROT

IDDOF

RCOS

IPDOF

1 Mass matrix is square NXN
Diagonal mass matrix to be read in as a
1XN vector.

0 Substructure already in system coordinates,
Delete Card 6 from input,

1 Rotate substructure by direction cosines,
a 3X3 matrix, read in on Card 6.

Special 1XN1 integer vector used to place connecting
coordinates in first N1 DOF locations for "ISUB,"
Order of connecting DOF's must correspond to
those used in coupling spring. The order in which
the DOF's appear in IDDOF determines the re-
arranged DOF order. N1 = the number of elements
in IDDOF.

Input Stiffness Matrix, for "ISUB'", (NXN)

Input Mass Matrix for "ISUB'", (NXN) or (1XN)
Optional Direction Cosines Matrix (3X3), Total
number of substructure DOF's must be divisible

by 3 in order to exercise this option.

Special 1XN2 integer vector used to select those
physical coordinates to be calculated from "ISUB'",
The order in which the DOF's appear in IPDOF will
determine the order in which they will be printed
for substructure "ISUB.'" If no physical coordinates
from "ISUB' are to be calculated, IPDOF (1) must
equal zero. N2 equals the number of elements in
IPDOF. All substructure DOF numbers refer to
the original order in which they were read into the
computer.



4, 1.2

Card
No.

NCPLS

IOP

ISUB1
NROW1

NS1

ISUB2

NROW?2

NS2

KCPL

Input Data for Entry Point 2

Input Order Format
NCPLS, IOP (215)
ISUB1, NROWI1, NS1, ISUB2, (615)
NROW2, NS2
KCPL (NXN) READ
Definitions

Number of coupling springs to be read into

program at this time. There will be NCPLS

sets of cards 2-3 following card 1,

0 denotes the first time the program is entered
at Entry Point 2.

1 denotes more coupling springs are to be added
to a set of data previously generated

2 denotes one or more coupling springs from a
previously defined set are to be permanently
changed.

First substructure coupled by spring (ISUB no.)

Number of connecting DOF's in ISUBI for this

particular spring,

Starting DOF location of coordinates in ISUB1 which

were ordered by IDDOF., The substructure may

have more than one set of connecting coordinates.

NS1 defines the reordered starting location for a

connecting set of DOF's,

Second substructure coupled by spring

ISUB2 must always be greater than ISUBI.

Number of connecting DOF's in ISUB2 for this

particular spring.

Starting DOF location of coordinates in ISUB2 which

were ordered by IDDOF,

Coupling spring stiffness matrix for coupling ISUB1
to ISUB2, DOF's for coupling spring are in same

-order as specified for the ISUBl, ISUB2 coordinates

by IDDOF with the ISUB1 coordinates appearing
first. N is the size of the total number of coord-
inates used from each substructure,.



4.1.3

Card
No.

KEEP

Input Data for Entry Point 3

Input Order Format
KEEP (2XMXSUB) READIM
Definitions

INTEGER Matrix defining how many modes are

to be kept and reduced for all of the substructures.
The KEEP(1, 1) row defines the number of low

modes to be kept for substructure I. The KEEP
(2,1) row defines the number of modes to be reduced
for substructure I, Modes from the substructures
are arranged in ascending order by frequency. For
some substructure ISUB, the first KEEP(1, ISUB)
modes will be kept and the next KEEP(2, ISUB) modes
will be reduced by the dynamic transformation,

MXSUB is the highest numbered substructure read
into the program. A zero in some KEEP(2,ISUB)
location will include all modes in the kept set.
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4.1.4 Input Data for Entry Point 4

Card

No. Input Order Format

1 LAMDAO (1X1) READ
Definitions

LAMDAO = p2 value used for the dynamic transformation

for reduction,
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4,1,5 Input Data for Entry Point 5

Card
No.,

1
(2)*
(3)*

There will be N1

MDl1
MD2
10P

1D

IPDOF

Input Data Format
MDl1, MD2, TIOP (315)
ID (1XN1) READIM
IPDOF (1XN2) READIM
Card (3)'s.
Definitions

= Mode number of first mode to be printed.
= Mode number of last mode to be printed.
= 0 no optional cards needed
= 1 requires cards (2) and (3), but data files
not updated
2 requires cards (2), (3) with permanent update
of files.

= An integer vector containing N1 substructure ID's
for which new physical DOF's are to be defined.

= Ordering vector for selecting DOF's from each
substructure defined by ID. There will be N1
of these cards.

#( ) Indicates optional data and is not required if option not exercised.



4.1, 6 Input Data for Entry Point 6

Card

No. Input Data Format

1 NBKSB 15

2 IMODE (1XNMD) READIM

Definitions

NBKSB = Number of groups of modes to be backsubstituted.
30 modes may be specified to be backsubstituted
at any one time. NBKSB tells the program how
many groups of 30 modes are to be selected.

IMODE = Integer vector selecting modes to be backsubstituted

with NMD £ 30. There will be NBKSB card (2)'s.
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4,2 OUTPUT FILES/TAPES

This section describes the data saved on each logical file. Figure
4-1 presents a Tape Flow Chart indicating which files will be required
for executing the desired entry points. The program is written to handle
files instead of tapes. A computer utility program should be used to save
the necessary files on tape for re-entry into DAMUS. All eigenvalues and
eigenvectors are output by subroutine WTAPDS and may be read by

RTAPDS for use in another program.
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4.2.1 Description of Output Files/Tapes (Ref. Fig. 4-1)

NTAPE(I)

I

Description

This tape contains basic data necessary for program
logic, It includes substructure sizes, ordering data,
coupling indices, and data locations on the various tapes.
It is required for every Entry Point (EP) and will be up-
dated to reflect any changes due to option selections. It
consists of one logical record written in binary by the
standard Fortran WRITE routine.

This tape contains the eigenvalues and eigenvectors for
each substructure. In addition, it has the identification
vectors used to re-order the substructure DOF's for the
initial solution and for printing physicals. This tape

is output data from EP-1 and is used by EP-2, 3, If
IOP = 2 for EP-5, this tape is needed as input. A new
NTAPE(2) will be output on NTAPE(12) for subsequent
runs,

This tape contains the partitioned set of substructure
eigenvectors to be used in calculating physical vectors,
Those DOF's to be calculated are packed into 100 DOF
blocks and saved in the order read in. This is output
from EP-1 and is required as input for EP-5 and EP-6,
only if IOP = 0 for EP-5.

This tape contains the partitioned coupling spring data
used for assembling the generalized stiffness matrix,
The substructures are coupled 2 at a time. This tape is
output from EP-2 and is required input for EP-3.

This tape contains the assembled generalized stiffness
matrix in partitioned form plus the eigenvalues and
participation factors from the system solution. Data is
output from EP-3 and EP-4 on this tape and is required
as input for EP-5 and EP-6. Re-entry into the program
at EP's 3 and 4 will destroy previously generated data
for that particular EP. If it is desired to save the pre-
vious data for some future reference, a new tape should
be used; i.e., copy old tape data to new tape and use if
data from EP-3 is needed.



NTAPE(I)

I

6

10

11

12

Description

This is a scratch file. It is basically required only
for EP-4. For particular options, it may be required
for EP's 1,2,5, and 6. If IOP > 0 in EP-5, NTAPE(6)
replaces NTAPE(3) for EP-5,6. If IOP = 2 in EP-5,
several files are updated permanently; and NTAPE(6)
should be saved and used as NTAPE(3) for subsequent
runs.

This is a scratch file required for EP-4, If IOP >0
for EP-5, it is required there as a scratch file also.

This is an output tape containing only the system physical
eigenvectors which are partitioned by substructure from
EP-Sl

This output tape contains those selected system eigen-
values and eigenvectors obtained for backsubstitution
from EP-6,

Special input tape for EP-1 when ITOP = 2, Use previous
NTAPE(2) data and new NTAPE(2) generated. NTAPE(7)
may be used here if old NTAPE(2) copied onto this file.

Special input tape for EP-2 when I OP = 2. Use previous
NTAPE(4) data and new NTAPE(4) generated. NTAPE(7)
may be used here if 0ld NTAPE(4) data copied onto this
file. If NTAPE(7) used in EP-1 for NTAPE(10), it may
not be used again for EP-2 if the EP's are being executed
consecutively,

Special output tape for EP-5 when IOP = 2. This tape
replaces NTAPE(2) for subsequent runs.



4,2,

2

Data Locations on Tapes

Location

B W N~

w

o :n

U W N =

Matrix

IDDOF
LAMDA
PHYSUB
IPDOF

PHYPRT

CPL11
CPL22
CPL12

K22

Klz-1
Klz2-2
K11

LAMSYS
GAMK
GAMR11

GAMR 12

M
2K12%R11
2K12%R 12
K22+R11
K22*%R12

Basic data

Vector for reordering substructure DOF's
Substructure eigenvalues

Substructure eigenvectors

Vector for selecting substructure DO¥F's
to be printed in physicals.

Set repeated for as many substructures
read into program.

Partitioned set of substructure vectors
assembled by TPDOF,
Repeated in blocks of 100 DOF until finished.

Partitioned coupling spring, CPL.

Set repeated for each spring read into program.

Partitioned stiffness matrix for reduced
coordinates
Partitioned stiffness matrix coupling terms

Partitioned stiffness matrix for kept
coordinates

System eigenvalues

Participation factors for kept coordinates
Participation factors for reduced coordin-
ates in partitioned form.

Reduced mass matrix

Partitioned multiplications
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10

11

12

Location

[\

Matrix

R11 R matrix for dynamic transformation
in partitioned form.

R12

PHYSYS System Eigenvectors
One record for each substructure,

LAMBKS Eigenvalues from backsubstitution

PHYBKS Eigenvectors from backsubstitution
Repeat set for as many modes selected
in groups of 30.

Optional input tape, NTAPE(2)

Optional input tape, NTAPE(4)

Optional output tape, NTAPE(2)
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APPENDIX A

FORTRAN LISTING OF DAMUS AND FLOW CHARTS



This appendix contains the Fortran listing of DAMUS. The
main program has been divided into four links with each link beginning
with one of the six entry points. The main program calls the first link

with all links being called in sequential order.

Link Entry Subroutine
No. Point Name

1 1 STCl

2 2 ST C2

3 4 ST C4

4 6 ST C6

The flow chart following the program listing shows the major
subroutines called by the main program links. If the subroutine called

requires input data, a flow chart for that particular subroutine has been

included.



1. 06506=73 _15.547 . ____STC_MAIN. LINK.. . . .

L4

_CSTC . o STC =AIN LINK

COMMON TENTR, TEXIT,FOU, WUTL,NUT2,NUT3,NUT4,NUTS, NUT6,NUTT,

1, MUTS,NUTI0,vyTLL, VJTlZ

EOMMONT/ULINEZ/ DUSYL ZLSTART/ DUMY2(30)
COAMON_/UDRXNC/ LNGTHW W 200)

TUTTTTTTTTUUUNGTHN = 209 -
- _CALL LINK  (AWENTRY™)
STQP
_ END_ i o o L
2374Z.WQRDS SFHME@QRX_QSEQUBINIﬁIS.COMP{LATION'_ N
A-2

MYTA



5¢06=23___ 15,549 STIFFNESS _COUPLINS __ENIRY 1 - —
€STC1 .  _STIFFNESS_COUPLING ENTRY 1

SUdROdTIUc 31Cl . o

_ DIMENSIAN A(123,1t99),5¢130, 109>.PHr<100 100)
1 IDC{DCY e IV(120) 2 dVIL00) /T4 (120),T26799) T3 Oy~~~ 7T
2, NyDIF(20, o),<:EP(2.20).&cPL<210).Ks¥(zn).ssRczo)

3, IDP4Y(21), 13CP_(190),PHD(20) ST T
L COoMMON IENTR,IEXIT,FOD,MUTL ,NUT2,NUT3,NUT4,NUT5,NUT6,NUT7,NUTS
' 1, NITY, NUTlO,uUTll NUT12

COM*)J JNUIREZ/ HUMYI /LSTART/ _DUMY2¢(30) e

T e0MHON JHDRKYS/ LNATHA (4 (200)
DATA KD1,KD2,%D3, 534 KD5,4D6,KD7,4N8/100,200,2,20,390,21,6,100/

COTTTUDATA L 2, 3s s .Ll>.LL6.L$7.LL9.LL10 LL11 JLL12/11%1000/
DATA PHD(L)/120HPHTL PHY2 PHY4  PHYS PHY6 PHYZ PHY5 PH

-7 3Y9  2HYLD PHYLIL PHY12 PHY13 PHY14 PHYL5 PHY16 PHYL17 PHY18 PHYL9 PH
sy2d /

YT U pATA NSUSTINGRUY, NNDOF, IDPHY, IDCPL, KCPL ,KEEP,KSK,KSR/53320/
1303 FORAAT (1515 e

1001 FORMAT (510,03
© 2900 FORMAT (///40%F0OD =1,1PEL12,4) L

2001 FORMAT c///13A17quPUT TAPE NOS, =,1215,/10X17HUNIT ASSIGNED =~
: 14 2151

24502 rgqur‘(///1ék'1rwra'='15 10X TEXIT =115) 77 - T

2903 FORAAT (///10X*ENTRY POINT'I[5,4X'HaS BEEN COMPLETED,')

2304 FORMAT (///710X'ENTRY "IpolOX'NSUbS ='[5,10%'[0P =115)

c
{7 T GALL START T T T o - - T
______READ  (5,1391) FoD
READ  (5,1000) N,T2,NgTL,N;T6, NUT2.NUT3.NUT4 NyTSeNgT7,NyTO 7
1, ﬂUTl].”UT 1y NUT A2 e -

7T READ (S5,1089) IENTR,IEXIT
__leIT'.' (’-’1?040) Fnl
WRITE (6,2221) (I.l~1,12):NdT8'VUT1 NUT6 ,NUT2,NUT3 NUT4,NUT5,WT7
R o mUT9NUT10,yUTIL, NUTI2
WRITE (6.2002)'IENYR.15x1T T
CAF CIENTRGGT 1) GO T 002
IF (I=NTR.EQ,1) GU TO 9301 T
~ _REWIND NUTI *
TTTTUUTREAD (NUTBY TNSURT ANDOF  NCPLT  IDCPL,KCPL, IDPHY  KEEP,KSK ™ T T
kSncUldlM1:1):M4Pl.NSYW MSYW

RS B e

c
9oL . LeNTRY 2 L e

c
C __GET_SUBSTRUCTURT MODAL DATA FRIM tAss AND gTIFFNEss MATRICES

S
READ (5,1003) HgyBs5,10P

T CALL PASRHD T T - N
JRUTS (6,2094) IENTRY,HNSU8S,fop 3 )

TR ({oPUE2I2Y 60TTO 129
CALL SU3DAT (T0P,A S, PHY, INDOF, [OPHY  IDs IV Vi T14T2.73
S Y T HSUBS RSUBT KDY KDA KDL, KDGGLLY, JJT% LL6,NUT6,F2D,PHD)

GO TY 123
120 TNSURT - D7

e o & wmimn wotems Ao o nrete  mepttrn = emmw =% o ms s o= emAme e s mm A = ssemes mans e s e e e
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€0h=73 _15.543 ___ _ _STIFFNESS COUPLING ENTRy 1 .

CALL SU3DAT (I0P/A,S,PHY,NNDOF,IDPHY,ID,1v,JV,T1,T2,T3

1, HSUBS e HSUBT I KDL KIS, KDL,y KDO, LLA,NUT4,0,0,F0N,247D)
CALL DELSUB (A, PHY,dNDOF, [DPHY 1Dy IV JV, NSURS,HSUBTIKD 14024 KD7
1, LI HUTL,LLS, NUTO, LLL1D,NUTLD, LLI NUTS,NUTS) '
125 _REJIND wyré _

WRITE (TR HSURTLANDIF, NCPLT, IDCPL , KoL, IDPHY,KEEP,KSK oo

1'.:_'”__ - ngi_l_'\lcfhMln;’lelePluNSYHnMSYM

CALL EOF3 (LLC15NUTL,LLA, NUTE,LL8,NUTS)
T __CALL PRINTI (31HSUASTRUCTURES READ INTO PROGRAM,6,NWDOF (1,5)

[P -3

1 ;'.‘J'SUBTiloU) -
1P (LEXIT,EQVIENTRY) TGN T 9999
c XITaEd i0nTnY) WU Ty 9599 N )
9902 CALL LINK  (6HEMTRY2) -
C T - A - e - . - e -
_9990 CALL PASEWD L. — e —

WRITE (6,2093y JENTRY -

STOP - e

END o T o T T T

. Te- WORDS OF MEAORY USED BY THIS CcoOMPILATION "7 7777 770 = mm 7
A-4



6=06=73__.15.554 STC2 e

gsyca . sTea ' e e et e,

SURRDUTINE STC2
DIMENSTON A(121,100); §¢100,100),PHY(100,100)

12 91?(10’)0200)1:3(20100)
21 1V(100),JV(100),KKPT(100,2),KRED(100,2) ,MRED(2) ,MKPT(2)
: 3, NJU”F(’Uvb)oKEEP(ZoZU)aKCPL(210),K%K(zo),KSR(go)
SN X 1DPHY (21, 1DCPL (100)
i COMMOTT TENTR,IEX 1T, FOD, NUTL, NUT2; NUT3 NUT4, NUTSNUTSE, NUT7 , NYT8
1, NUTY9, .JJT10,4UT11 NUT12

‘ o com%ou 7OLTHEZZ T puMyd /LSTART/ pUMY2(30)
' cOMMOW /YDRXYVC/ LNGTHWsWlngg)

- EOUTVALFNCF CSSTi)»SIL L)) 2 (SSULY812(1, 17, (SS(10001).,PHY(1,1))
©__ DATA KD1,KD2,XD3,KD4,KD5,KDé6,KD7,KD8B/100,200,2,20,300,21,6,100/
; DATA LL1,LLZ, LL3;LL4.LL5;LL6;LL7;LL9;LL1n,tL11.LL12/11*1000/ '

_ 1000 FORMAT (1613)
5003 FORMAT <///}ux TENTRY POYNT 154X HAS "BEEN COMPLETED«")
2006 FORM,T (///30%! IENTRY =t15,10X'NCcPLS -'15 10x'IOP _='15)
2007 Fu74sT <///10K'IFNTRY“-|1)) ) )
REUIND NUTS
READ ™ (NUTS) 1508 T, NNDOF ,NCPLT, IDCPL, KCPL, INPHY, KEEP, KSK
1! han’luhf’h u"‘i'):M P.JIJSYH MSYH
——d 15 (900270002,9003 9004, 3004,9004), [EyTR ™

. C

Flepe2 T T TTTTYENIRY ET2TT T T T T o
c .
CTTGET INDIVIDIAL K% CONTRIBUTIONG FL.OM COUPLING gPRINGs )
C

FTTTTTTREAD (5,100 NCPLs,10P
_CALL PAGEWD o o
WRITE (6,2006,, IENTRY,NCPLS,10P T T

______IF (lOP,EN.,2) GO TO 210 . o N -
CALU CPLSPG (A, S,PHY,NNDOF.KCPL, IDCPL»NCPLS,NCPLT KD KD4 KD4

v

Ay LL2,NUTZGLLLLNUTLY
1F TTEXTTVEN. TERTRY JORVTIOPVEQVL) GO TO 20 o
GO 70 239 . e _ S

T35 NePLT 2
__ CALL CPLSPG (A,S,PHY,NNDOF,XCPL, IDCPL,NCPLS,NCPLT,KD1,KD1,KD4
: i L4, WuTa; LUy, WOT ) il ‘
CALL DE| CP (A, wuuof,IDCPL.hCPL,IV,NCPL~.ACPlT KD1,KD2,KD7,KD8,KC
’ ) LL2yWUT2, L0121 NUTLI LL4,NUT4,NUTE)

___220_ REWIND HNUTS

CTTTTTTTTRRITETONUTEY NSURTNNDOFNCPLT, I1DCPL, KCPL, 1DPHY,KEEP, KSK = 7"~
g KSRy N2l M‘*Hganpl;VSYMoMSYM

- e+ mre -

TR ACLTEOF3TTT(LLS , NUT8 0, 0,050
. 230 CONTINUE :
TR LL EOF3TTTTIRLZ S NUT R, 6707705, 00) T T
L CALL CNNCTY (A, NNDOF,KCP| ,KD4,KD1,KD4)
— frEXTT RN TERTRY ) TGO 70 99907 T ] T
C
. 90e3 TENTRY 573 ) T - T T
C

C ke AgsEMBLY T



3900=73__. .

C__

OO0

[N e

(]

4

aaco

1
_..CALL_EOT3

.,

T ALl PAGEHD T T

CMRITE

L AgSFMELE K22+

" Ag3EMBLE
“'gALE”KSMBEé“
21,

AGSEMBLE Kiiw

‘9yL4

99990

IF (IEXITWEQLIRENTRY)Y GO TU 9990 - - -
CKLE‘LIHK“““(EHE”TRYdl T T o T
CALL HA FHD e T T e

CHRITE (6 20 3y IENTRY o o o L
STAP

FZ\“)“ e e o e

nf HEﬂQRY_USED“BY_THIS COHP[LATION“-*" e o

e e e . - - S

e . e ale .. S — e -

CALL_AgSHMRBRLL
1.

15,94 §¥C2 .

WRITE (6,2007)y IENTRY
CALL READIM (XEEP,AR,MXSUBKD3,«D4
CALL IMDCES (KEEP»MXASU3)KSKIKSRINy
REWIND UT3
UT8) 4SURT, NNDOF,
T ’:\'SQ'"Ji'1'Hli»":)_lMlPl;\JSY
(LL3,NuU78,0,0,0,0)

) - o #
Ma NS"11p MyaM2o Mlplp NSYHI MSYM! KD3’

(F\

“

NSy, s

/S5t AsKRED, MRED, KEEP,
M, Ki1,KD3,KD4,

MaMSYH S

NNDOF, KSR yKCPL, 1V, JV, M, MASUB _
1 LL3, MUTR L2, NUT2, LLL, T,

Ki2w

{512,A,KKPT ,HKPT,KRED,
MLaM20MIPLinXSUB, NS

CALL ASMBLL (1,55:A,KKPT,MKPT,KEEP
MSHY  NSYM, KDL ,KD3,KD4

CALL ENF3  (LL3,NUTS,0,0,0,0)

JKD1,KD3, 2, [ 3,NUT3, 2,107 2)

MRED ,KEEP,KSK,KSR,KCPL, [V, JV,NyM "

, NNDOF, KSKTKCPL, 1V, JV,N,MXgUB

b4, LL3,NUT3 LL2,NUT2,LLY,NUTL)




*06=23___.15.553 _ STIFFNESS COUPLING__ENTRY 4

1&6

" 10C0 FORHMAT (1615)

CstC4_ . _ ... _STIFFNESS COUPLING _ENTRY 4 __ -
. SUBRIUTINE STC4
DIMENSION A(100,1009,5¢100,100),PHY(1(0,100),512(100,200)

\ 3?1(200. 00]+R(200:50)1R2(2C0,50),55(20400)
é;mﬁ 13(100».}vc*uo),Jv<1oo> T1(100),T2(¢(109),T3(100) _
3! HNDOF (205 6)  KEEP(2,20),KCP| (210);KSK(20),KSR(20) ’
& _ 10pHY(21),1DCPL(1002,PHD(20) o
5, TTLANSYS(100)

cO”H04 LFNTR-ICXIT:FOD;QUT% NUT 2, NUT3, NUT4,NUT5,NUT6,NUT7,NUT8
MUT9 NUTLO, yuTIa, nuTL2
) ponnnu INLINEZ/ punyl ILSTART/ DUMY2(30)
CoMnniy /WORKVC/ (NGTHHm(g 09’
_EQUIVALEMCE <s,41>.s<1 1)),(S5¢(1),512(1,2§),(¢(S5¢(1),521¢1,1)) i
3 <A<1 1), U1,1))
- R $€10001),pHY(1,10),(8S¢(10001?,R2(1,1))
REAL LAMGYQ LAHDAO
_DATA_KDh1, KD? Kn3,KnN4,Kb5,KD6,KN7,KD8/100,200,2,20,300,21,6,1007
DATA LLL,LL2,LL3,LL4,LLS,LLE,LL7,LLY, LLlO.lL 1, LL13/11*1000/
DATA PHN(1)/120HPHYL PHY2 PHY3 PHY4 PHYS PHY6  PHY7 PHY8 PH
T8Y9 PHYyq PHY11 PHY12 PHY13 PHY14 PHY15 PHY16 PHY17 PHY18 PHY19 PH
Y20 /_

2003 FORMAT (///10¥ ENTRY POINT'I5,4X'HAS BEEN COMPLETED,')
385 FoRriAT (///1ox JENTRY =+15,10X'MD1 =1]5,20x'1D2 =+15,10XV]0P =715)
2007 FORMAT (///L0XVIENTRY =015y °
REWIND [UT8
CREAD__(NUTB) “SUBTJNNDOF,NCPLT, IDCPL,KCPL, IDPHY,KEEP,KSK
10 ESRyN2s MMy aMpr M P4y MSYMMSYM
60 TN _(9004,930459004,9004,5005,9006), IENTR.

c
20c4 IENTRY = 4

c DU, - A ) oS p s AP

C__FOpM p_FOp DYNAMIC TRANSFORMATION
C

CCALL PAGEHD L e
WRITE (6,2007y TENTRY

CALL READ  (LAMDAOQ,NR,NG,1+1) L

CALL RTAPSS (SSiHNRaMCPANM 1o LL3NUTZY 7 7T C K,
CALL RMAT (SS(RJL_I\MD/\OgMnKDZclnLLS:NUTS:g:LjL3:N'JT3)

C
C My
¢ S . - e e
. CALL MSTAR_(A,521.M,M HM1P1,KU1,KD2,1,LL4,NuT4,1.LL5, NUTS)
C
G e e e et e+ = i e e
C
CALL KgTAn 1?,R.55.5.A.o2,l HeH1P1,KD1,KD2 .2:LL4)_NUT5 )
1, o L_oLL A, HUT3.1, LL).MUT‘-'J, LL3, NUT-S) et
c
o S.DL\./E— Fﬂ;i_‘ EIGEMVALUES ANMD EIGENVECTORs o e
C

T CALUTEIGVEC LAY 821, LAMSY S T2, TS Ny Mo M1y M2, M1PL, KD1,KD2




-

ki

.. 90C5 IENTRY = 5

6s06-23 15,553 STIFENESS COUPLING__ENTRY 4
1, WLL3,NUTS, L, LL4.NUT4 1,LL5, NUTSTFOD)

CALL EOFS (LLJ)VJ(30% 8
IF CLEXIT.E. [ENTRY) 68 $0°989,

c
—____pEAD__(5,1090) MD1,MD2,1QP
CALL PAGEHD
_WRITE (6, pqs) IENTRY,MD1,MD2,10P
IF (10P.EQ.Q) GO TOQ %20 ° -
CALL DELPHY (A PHY wwoor 1DPHY T4, 1D, IV, V,NSUBS,)KD1sKD4,KD6
L TTTULL4NUTA, LU, WUTS, LLT,NUTLY T T
_IF (10P.EQ.4) GO TO 5.0 S o o
TcAlL UPHPHY T, NDOF; JV, §SURS, NSURT, KDL, KN4, LL12NUT12,LL1,NUTTT
S sy
REWIND wUTS8
__WRITE_(HUTS) 'ISURT,NNDOF ,NCPLT, 10CPL,KCPL, IDPHy,KEEP,KSK
1, KSR, MM, M1, M2 ,MIP L, NSYM, MSYM -
CAlL EQF3 (LL4 NUT4, LLB, NUT8, LLL2, NUTL2)
5,0 LL® L4
NUTé = NUT4

(N 1] ll

G JuTs — .- .
C_GEY PHYgICALg
: e et e e e —

520  COMNTINUE R B , _ o
CALL PHYSCL (PHY,S,A,R,NNDOF,KFEP,KSK,KSR;IDPHY, N, MD1,MD2,KD1 7~

1, KD2, hD4 KDO,Kué 1,LL7, Nur? 6, LLI NUTS, 1L 6, NUTO PHD)

T CALL EOF3 "(LL7.NUT7'8 ‘ ) T

P trexiteat fenTryy 68 8699899

— S R
9006 CALL LINK ~ (5uE'TRY6) .
C TrTTTTTTTTT T ”" T T T
9990 CALL PAGEHD e
WRITE (6,2003y TENTRY
STNP S S

END

WORDS 0OF MEIGRY USEZ BY THIS COMPILATION

A-8



>

$°06=73

CsTCh.

@

1,

A5,

ST

SUBRNUTINE
DIMENSIAN A(100,104),5¢100, lOO),PHY(lOO 100158

ch

STEET

s;icboq'100> »GAMA (300, 30),SS(20400)
10010037V (100 ,dV(100),T1(190),T2¢10C),T3¢100)

0 hf”?\] 1{_-’”'“
MUOTO,NUT10,NUTIL,
w72/ pUMYL /L.START/ DU"1Y2(30)

cOMMON /NI

TUCOMMIN T ZHORSY

FAU IV ALEMCE

1,
2

Lansys(iudy
Ry IEXIT,FOD{IUT 1 NUT 2o NUTZ/NUT4sNUTS, NUT6,NUT?, NUTB
HUT12

C/ LNGTHWI WS
(SS(1),S¢(1, 1>>.<ss<1).s12(1 ,199,(55(1),521(1,3))

o)

\/\(lo;.): 1.\\11\51,4,))

($5(20003),PHY (1,120

12¢100,200)

NYDOF(20,6),KEEP(2,20),KCP (2109, KSK(ZO).KSR(ZD)
1DPHY (210, 1DCPL(100),PHD(20)

REAL LAMSYS
DATA th: '\D):
TDATA LLL,LL2, L3, 004, L0, LLe, LL7,LL9,LL10, L1t
DATA PHND(1)/120HPHYL PHY2 PHY3 PHY4 PHYS

“D3,KD4;KD5,KD6,KD7,KD8/100,200,2,20,300,21,6,100/
*.LLl?/11*10(0/
PHY6 PHY7 PHYS

PH

'“izzg SﬁYiD PiHY Y PHY1p PHY S PHY; 4 PHY) S PHY 6 PHY.7 PHY B PHY,9 PH
‘ 1() 0 Fy ‘?M‘\T (1013) o - o T ST o
2003 FARMAT ///71GKENTRY POINT'I5,4X "HAS BEEN COMPLETED,
2008 FORIAT (/7/L0%" [ENTRY =115,50K1NBKSB =115) o
REWIND HUT9
LLo = 1 e e o
U REAND HUTS .
T UREAD S Cypd) ISy3¢, MNDOF, NCPLy, IDCPL, KCPL, IDPHY,KEEP, KSK T
e KSRy MMM, Me MR NSYH MSYY ]
C
9006  __IENIRY =6 — e
c
C__BaCKguBgTITUTION i - e o
C
_ _READ (5,1202) NBKsB #
“CALL PA';F:!D oo T e e T -
MRITE (6,2003) IENTRY,BKSB
T CALL RTAPDS (LAMSYS,NR, NG, ANM, 1,5, LUy NyT3y T
DO 493 JJ‘«»W*KSW
T CALL BARSUER (GaMAsS$22,521,S55,S,LAMSYS, ID, TV, IV, 71,72, T3, N, M, NID 777
1, K5, K01,%02,6, 1. 3,MUT3,2,1.3,8UT3,1, LLo.NUTd)
CALL WTAPDS (19.1uJ-D.uﬂLAliKa.1nLL9.LL9 NUTG) I
CALL PHY3CL (PHY,S.A,3AMA, IDOF,KEEP ;XSK KSR, IDPHY,N, 1,MMD
'17“'”““"““““'“31,uuw KD4,KD3, kDo, LLY, LL9 NUT9 0:0,0,LL6,MUTE,PHD) ~ 7
490 CONTINUE
. (‘Al EOr'S (LL9 N!HQ :J 0 , 0,0y T T T ) -
95999 P»\l_{_ ; A_]F_HD
T yRITE (4,2007%) TTEHTRy T T T e e -
§TCF
b D T T e - e e e e e
HWORDS OF HMEMNRY USED BY THAIS COMPILATION I o

A- 9



Enter ——‘?

RF

NSUBS, IOP

SUBDAT

NCPLS, I0OP

IOP = 2
CPLSPG] CPLSPG

‘ Enter 4

\ p2 for
—— Dynamic Trans{]

!

'

R

CNNCTV

DE LCPL

R

Exit
Ente

i

ASMBL 1: K22

ASMBL 1; K1l

INDCES

—— —— o —
—-——-——.___

— — o — -

Exit

JL—-@

RMAT
MSTAR
KSTAR
\ EIGVEC
Exit
\ Ente
\ I0P>0
\ RF |MDI1,MD2,10 DE LPHY
‘ PHYSCL P2 [uPDPHY
xit PHYSCL [+
Enter
RF| NBKSB

— BAKSUB
PHYSCL

\ Exit

! ! = Subroutine requires input data,

see following flow charts.

= Read formatted input data.

RF
RM = Read matrix data using
FORMA routines.

A-10



SUBDAT

15U, K PMOD

MOPT, IROT

'

. Ordering vector
2. Stiffness matrix

MOPT =1 MOPT =2
Mass matrix Mass matrix RM
full TV 1 diagonal (vector) |—
_—————-—-.
Order DOF '™
IROT =1 D1re<?t1on RM
cosines —_—
E?genvalues ¢ Rotate
Eigenvectors structure
Selection vector
RM

for printing

l

Select DOF's
to be printed

Return

A-11




11

K
22

12

—_— stiffness

—_— NS1, NS2

CPLSPG

l

ISUBI, ISUB2

Coupling spring

|

Assemble Kll
Assemble K22
Assemble K12

:

Y

Return

(6,7 [®eer)[ 8]
[(bz ]T [ KCPL] [(bz]

[(bl]T [KCPL] [Cbz]



DE LPHY

]

Vector containing
substructure ID's
for print changes

l

Vector for
selecting DOF's
(one per sub.)

l

Generate new PHY
matrix for printing

Return

—_— select modes

BAKSUB

1

Vector to

l

Backsubstitutio

l

Exit

A-13



APPENDIX B

SUBROUTINE EXPLANATIONS



This appendix contains a brief description of the subroutines
specifically generated for DAMUS, Some of the subroutines may be
used in a general FORMA program. The following list of general sub-
routines were used by DAMUS. Detailed explanations of each routine

are contained in the subroutine comment cards.

Subroutine Names

ALPHAA LTAPE START
BTABA MULTZ SYMLH
BTABZ NEGATS TR ANS
BTAZ NEWMOD WRITE
BTB OR DER WRITIM
COLMLT PAGEHD WTAPE
COPY PRINT ZERO
DCOM1 PRINTI Z2ZBOMB
DIAG READ

EIGNI READIM

INTAPE REVSYM

INV4 RTAPE



ADDLAM

ASMBLI

ASMBL2

ASSEMI1

ASSEM2

BAKSUB

BSOLVS

BTABSA

CNNCTV

CPLSPG

DCMSYM

DELCPL

DE LPHY

DELSUB

EIGVEC

EOF3

GETPHY

Subroutines for DAMUS

Adds substructure eigenvalues to diagonal elements
of single-subscripted, symmetrically stored matrix.

Assembles Kll’ K22 partitions in symmetric form.

Assembles K,  partition, double subscripts

12

Adds KCPL contributions into correct locations of Kll’ KZZ'

Adds KCPL contributions into correct locations of K12
Backsubstitutes eigenvectors

Solution for Z of equation [A] [Z] = [B] where
[A] is symmetrically stored.

T
Matrix triple product Z = B A B where A is symmetrically
stored. Z is double-subscripted but only upper-half is
returned.

Calculate connectivity for substructures,

Generates spring contributions of 2 substructures in
partitioned form,

Decomposes symmetrically stored matrix A into factors
where A = L D LT

Changes data files when changing a coupling spring

Changes data files when changing physical vectors to
be printed

Changes data files when changing basic substructure data
Gets eigenvalues and complete set of participation factors
Write end of file for up to 3 files at a time

Used to generate Substructure vector matrix for obtaining
physicals




IDFILL

INDCES

KEEPV

KSTAR

MODE?2

MST AR

MULTBS

NEWPHY

PHYSCL

REVAZZ

RMAT

ROTATA

RTAPDS

RTAPSS

SUBDAT

TRANSA

UNPAKS

UPDFIL

UPDPHY

WTAPDS

WTAPSS

Special routine which fills up vector for omitted values
Generates initial data and index locations

Generates vectors for assembling K matrix

Generates reduced stiffness matrix

Eigenvalue/vector routine with mass matrix options
Generates reduced mass matrix

Multiplies BZ = A * BZ where A is symmetrically stored

Generates new set of eigenvectors in partitioned form
for getting physicals

Calculates physical eigenvectors

Revises matrix A into matrix Z, where Z may be a single
or double subscripted matrix

Calculates [R] for dynamic transformation

Special triple product Z = RT AR when a 3X3 submatrix
of direction cosines is input for R.

Special matrix read tape routine - double subscript
Special matrix read tape routine - single subscript

Generates substructure eigenvalues and vectors from
basic substructure mass and stiffness matrices

T

B = A~ where A, B occupy the same core location

Unpacks symmetric single-subscripted array into
symmetric double subscripted storage (upper half only)

Updates data from two files to one in a predescribed order
Updates data file for physical vectors
Special matrix write tape routine - double subscripts

Special matrix write tape routine - single subscripts



APPENDIX C

SAMPLE PROBLEM



This appendix contains a sample problem using all 6 entry points

of DAMUS,

The sample problem used to illustrate the use of DAMUS was
Problem 1, a 20 DOF longitudinal rod model consisting of 2 substructures
(10 DOF/substructure). The output data printed by DAMUS follows a

listing of the actual data cards used to execute the program.

Since this was only a test case, no output tapes were saved and
the same logical tape unit was assigned to the input files 7, 8 and 9.

Normal execution of DAMUS would require different logical unit numbers.



SI1CA01

E..l.

12 13 14 15 16 16

20 bot
U.
19. 11
1 6
2
1 i0
IDDOQF 1
1 1
aunnnoguyny
K1 A
1 i |
2 1
3 2
4 3
) 4
6 5
7 6
8 7
9 8.
1u 9
punponegouno
M1 1
1 3
1 5
] 9
ouspoauNunNg
TPNOF 1
1 1
phapnoaano
2 10
fonor 1
1 1
agounndonog
Ke 10
1 1
2 1
3 2
4 3

2
1
-1

1q

2000.
-2000.
-2000.
=2000.
-2000.
-2000.
-2600.
-200n.
-2000 .
-2000.

10
1.
1.
1.

3
1

2

1
-1
10
20900,

-2000.
=2600.

-=2000.

INPUT DATA CARDS

KUHAR

STIFFNESS GCOUPLING CHECK CASE FROM
LOKRGITUD I NAL

ENTRY POINT 2

RGD 2 SUBSTRUCTURES

16 -

_ e EP-|
ORDERS DOF'S FQR ATTACHMENT POINTS

STIFFNLSS MATRIX
=2000.°
4000. -2000.
4000, -2000.
4000 « -2000.
4000, -2u00.
4000, -2000.
4000. =-2000.
4000, -2600,
4000 . -20040,
6000.
MASS MATRIX
1. 1. 1.
1. 1. i.

i.
SELECTS DOF T0 BE PRINTED
0 -10

ORDERS DOF'S FUR ATTACHMENT POINTS

STIFFNESS MATRIX

-2061.

4000. -2000.
4400, -2000.
400“0 -?_UOOO

N, B, * Il:l Column 71 cancels call to Forma subroutine PAGEHD.

C-2



(RPN

(2%

duooaugaao

\.
5 4 -2600. 4000. -2000.
6 5 -2000U. 4000, -2000.
7 6 200U, 4600, -2000.
A 7 -20d10. 41000, ~-2000.
9 8 -2000. 4000, -2000. i
10 Y -2000. 2000,
000H060000 ,
M2 1 10 MASS .MATRIX -
1 1 1. 1. S, 1.
1 5 1. 1. " ‘_,/'; i. . 10
1 9 1. 1.
PO0N00N00D ,
1PDOF 1 3 SELECTS DOF TO BE PRINTED
1 1 1 0 -10
00000UDUNY
1
1 1 1 2 1 1 EP-2
KCPL 2 2 COUPLING SPRING STIFFNESS MATRIX
1 1 2000, =200,
2 1 -2000. 2000,
pupupelpuog
KEEP 2 ? SELECTS KEPT/REDUCED DOF1'S Ep-3
1 1 2 2
? 1 8 8
0nnGeGnong .
LAMDAO 1 1 Pex2 REDBUCTIONH FREQUENCY Ep-y-
1 1 0.
panogniipunn
1 4 EP-5
1
IMOYE 1 4 SELECTS MODES FOR BACKSUBSTITUTION £P-b
1 1 1 0 -4
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Headquarters: Valley Forge, Pennsylvania O Daytona Beach, Fla. O Cape Kennedy, Fla.
Space Division O Evendale, Ohio O Huntsville, Ala. O Bay St. Louis, Miss. O Houston, Texas
O Sunnyvale, Calif. D_Roslyh,‘ Va. 0O Beltsville, Md.




