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1.0 INTRODUCTICN

In order to determine the flutter characteristics of an aerodynamic
surface, it is necessary to know the unateady aerodynamic forces, the élastic
properties, and the mass distribution of the structure, This volume contains
a set of three programs that calculate the mags and stiffness distributions
and the flutter speeds, The programs are FLUENC~100C, COMSYN, and MOFA,

FLUENC-100C is a structursl analysis program that uses the direct
stiffness method to generate stiffness, flexibility and mass matrices, and
then to perform vibration analyges. In addition, there is an option to
generate special structural pargmeters for use in thé program COMSYN,
FLUENC-100C is essentially the same as FLUENG except that the capability
has been expanded to analyze lumped parameter systems that contain vp to .
200 nodes of which up to 100 may be free. Thé program COMSYN uses the .
component mode synthesis technique to analyze large structures. The struc-
ture is divided into component parts; the component modes and frequencies
are obtained from FLUENC-100C and then entered into COMSYN where the analysis
for the combined structure is performed. In addition, GOMSYN calculates
generalized aerodynamic forces and generalized masses for use in MOFA, the
Modal Flutter Analysis Program, MOFA accepts data from FLUENC/FLUENC-100C
and COMSYN and/or comparable data asnd performs flutter analyses using the
normal mode (modal) method.

Both FLUENC-100C and COMSYN are tailored for use in flutter analyses.
As such, only a capability to analyze planar structures is presented, The
analysis includes displacements normal to the plane of the structure and
approximates the two orthogonal rotations in the plane of the structure,

The FLUENC~1G0C and COMSYN programs have not been completely checked
out for eigenvalue problems requiring more than fifty degrees of freedom,
When exceeding fifty degrees of freedom, the user should check results care-
fully and if errors are suspected, the program should be rewritten in
double precision for problems requiring degrees of freedom exceeding fifty.
It should also be noted that the triangular plate elements are directionsl
dependent which may cause small differences in deflections in symmetrical
vibration modes, This problem can be eiiminated by using a more refined
and more complicated triangular plate element,
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2.0 FLUENC-100C  STRUCTURAL ANALYSIS PROGRAM
z.1 Theoretical Derivation

The theoretical derivation of the formulation for the FLUENC-100C
Program is identical to that of the FLUENC Progranm presented in Volume II
of Collicsation Flutter Analysis Study, Reference 1; therefore, no new
presentation of the derivation will be presented hera, The additional
capabilities added to the FLUENC~-100C Program invoived only computing
changes associated with increasing the size of the program, and collecting
certain structural data for use in COMSYN,

2,2 Program Description

The purpose of the computer progrsm FLUENC~-100C is twofold; namely,
to provide structural infiuence coefficients and mass matrices for ise in
the Collocation Flutter Program and to provide stiffness and mass matrices,
mode shapes, and frequencies f£or use in the Component Mode Synthesis Program.
When using PLUENC-100C, a decision must be made whether to analyze a struc-
ture as one completsz unit or to divide the structure into several components.
When this is done, the analysis of the gtructure or the component is handiled
in essentially the same manner, Only gpecial attention must be given to
nodes that are common to two or more components when the structure is
divided, Briefly, the program which ig written in FORTRAN 1V performs a
structural analysis by the direct stiffness method, The structure is assumed
to be repregentable by a planar network of beams and triangular plate ele-
ments connected at discrete joints, At each joint, if thers are no restraints,
the program assumes three degrees of freedom; that is, one displacement nor~
mal to the plane of the structure and two rotations, The program first syn~
thesizes the stiffness and mass matrices for the entire structure, including
all degrees cf freedom from the datea input for the beam and triangular plate
elements and from the restraint information input for the joints, It then
reduces the stiffness gnd mass matrices by solving for the rotational degrees
of freedom in terms of the normal displacements by using static deflection
relationships. As a fingl step, the program inverts the reduced stiffness
matrix to obtain the influence coefficients., The dynamical matrix is then
set up and a vibration analysis is performed.

1f the option to generate data for COMSYN is used, a node or set of

nodes are designated as common joints. 'Common joints are those structural
points which exist on more than ome component, The analysis is performed
first with the common joints (junction nodes) restrained which yields the

7 and matrices and an eigenvalue solution., Then new mass and stiff-
negs matrices are generated based on an analysis with all common joints
free, It is from these matrices that KFJ"KJ ’ Mg are obtained, It is
to be noted that in the second analysis,“the gota ional degrees of freedom
for the junction nodes remain in order to insure alope compatibility, while
those agsociated with the free joints (other than common jointg) are reduced
out of the system,
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The FLUENC-100C Program allows 2 maximum of 200 nodal points in a
structural idealization; of these 200 ncdal points up to 100 nodal points may
be allowed translational freedom. The rebsining nodal points must be
constrained in translation., Previously, the program FLUENC allowed a maximum
of 50 points all of which could be free in translatisn; thus, the mixizum size
of the eigen value problem has increased; slso, #dditional lattitude is s2llowed
in developing structural idealizations, The above change creates the following

program restriction: The number of Joints minus the number of Joints restrained

in translation must equal or be less than one hundred (NJTS-N&:_; 100)

Other features of the program include the option to input lumped
masses or to ccmpute the consistent mass matricea for the beam and ¢ri-
angular plate elements or both. The triangular plate elements may have
either isotropic or orthetropic properties.

A series of problems was run to establish computer computation time,
The results of this study are shown inm Figure 2.2.1. The results are based
upon the analysis of a flat plate using plate elements and the comsistent
mass matrix option. Five modes were requested for the analysis. A4s a
result, the graph is only indicative of the computing time required, as the
actual time not only depends on the number of degrees of freedom but also
on the type of structural element, mass matyxix, and number of modes requested.

2.2.1 Processing Information

A. Operation -- Standard FORTRAN IV processor system. Operable
on the GE535 computer.

B. Core Storage —- The program FLUENC-100C requires a minimum of
54,000 memory units for execution.

C. Tape Units ~-- Standard input, output, and punch tape units, and
9 scratch tape units.

2.3 Description of Program Input

The following instructions describe the input data, their physical
units, and their input FORTRAN format. The input quantities' names, in
all capitals, are their FORTRAN names.

1.0 Title Card, format (12A6) two cards always

Column L= - 72
Name Any alphanumeric statement
Column lo~e ]2
Name Any alphanumeric statement
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2.0  Problem Size and Control Informstion Format 1515)

NN A

Coluin | 125 ] 6-101 11=15 ] 16-20°] 212251 265307 31=35'] 36240 | 41-45.
Name ‘NITS NR'hi‘NBE‘ ‘NPE™ ';NMQDET?HKEYZ ‘NLUMP. {§CJT NPUNJ

NJTS- = Number of joints in structufe (200 maximum)

Number -of joints with one or more restraints

NR

RBE Number of beam elemenis in structuze
NPE = Number of plate elements in structure
NM@DE = Number of eigenvalues and eigenvectors desired (9 maximum)

MKEY = 1. Do not compute consistent mass teyms for beam and/or triangular
plate elements

2. Compute consistent mass terms for beam and/or triangular plate
elements

NLUMP = Number of lumped masses input. Only lumped masses corresponding
to the normal displacement at each joint may be input.

NCJT = Number of common joints on thé component (12 maximum)
= 0, 1f the complete structure is to be analyzed (no common joints involved).

NOTEs NPUNJ = 0 when NCJT>)

[}

NPUNJ -1 No Punched Output

0 Both Mass and Flexibility Matrices Punched Out

1 Only Mass Matrix and ILOW, IHIGH Code
Punched Out

L}

2 Only Flexibility Matrix Punched Out

3.0 Material Properties
(a) Number of Materials, format (I5)

Column 1-5
Name NMAT
NMAT = number of materials for which properties are input (10 max.)

(b) Properties, format (4E10.3)

Input NMAT number of cards, one for each material,

-5




4.0

5.0

S A v s ey

Column 4‘1 - lG 11 - 20 21 - 30 31 - 40
Nawe (1) *px m ‘GE (1) | DENS ‘cif) :
YM (1) = Young's modulus of elasticity divided by 106 psi
PR (1) = ©Poisson's ratio
GE (1) = modulus of rigidity; psi. 1if input as 0, it will be computed
from the following formula:
Y (1)
GE (1) = - -
2 [ 1+ PR (1)]
DENS (i) = material density: 1b/in3. Not required if HKEY = 1

Joint Coordinate Cards, format (10X, 2E10.3)

Input NJTS number of cards,. one for each joint.

Alsp, the structure

is assumed to lie in the x-~y plane.

Column

nwame

m =

1-10 11 - 20 21 -30

) X(m) ¥ (m)

joint number (must be input consecutively starting with 1).

May be placed anywhere between columns 1 and 10

X(n) =
Y(m) =

NOTE:
Example:

x coordinate of joint m; inches

y coordinate of joint m; inches

If NCJT> 0, the common joints must be numbered last.

If NJTS = 10 and ¥CJT = 3

Then joints 8, 9 and 10 are the common joints.
When reference is made to these joints in the
program COMSYM, commen joint 1 should be joint &,
common joint 2 ~joint 9, commen joint 3- joint 10.

Joint Restraint Information, format (415)

Input NR number of cards, one for each joint with one or more restraints.

Column

Name

1-5 6 - 10 11 - 15 16 - 20

JT M1 M2 M3

JT
Ml

1

number of joint having one or more restraints
0 free in the z direction

fixed in the z direction

-6~
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M2 = @ free to rotate about the x axis
= 1 fixed about the x axis
M3 = 0 free to rotate about the v axis

U

1 fixed about the y axis
NOTE: If NCIT> 0 then M1=M2=M3=l -for all common joints.

6.0 Lumped Masses, format (15, 5X, E10.3)
Input NLUMP number of cards, one for each lumped mass.

Column 1-5 6 - 10 11 - 20

Name JMASS blank RSMASS

number of joint for which lumped mass is input

JMASS

RMASS

If more than one lumped mass is input for a particular joint, the
program will sum the masses,

L}

lumped mass, 1lb,

7.0 Beam Element Properties, format {3810.3, 315)

Input NBE number of cards, one for each beam element.

Column 1-10 11 - 20 21 -~ 30 31 - 35 36 - 40 41 - 45
Nama AR L1 e MAT JINR JTFR
AR = area of beam cross section, inz
XI = moment of inertia of Erea, ina
YJ = effective torsional moment of inertia, ink
MAT = material code corresponding to one of the materials input
under paragraph 4.1.3.
JINR, JIFR = joint numbers at the ends of the beam element

8.0 Triangular Plate Element Properties, format (E10.3, 5I5)

Input NPE number of cards, one for each triangular plate element.

Column 1-10 11 - 15 16 - 20 21 - 25 26 - 30

31 - 35

Name PTH | MAT JT1 JT2 JT3

NDX




P

PTH = plate thickness, in.

MAT = material code corresponding to one of the materials input
under It 3,

JT1, JT2, JI3 = joint numbers at the three corners of the trianmgular
plate

Restrictions:

a) The order of the joint numbers must be given in a clockwise
manner as follows:
y JT2

I AN

b} The angle formed by the edges of the triangular plate at
JT1 must not be 909,

c) The angle that the directed line defined by JT1 and JT2
makes with the global or system y-axis must be acute ({90"),

NDX = O the plate has isotropic properties and the flexural rigidty
terms are computed from

3
DX = Y = YM(MAT) x PTH )
12 {1 - [rerouam) ] }
Dl = fPR(MAT)] x DX
NDX= 1 the plate has orthotropic properties and the flexural
rigidity terms are input by the next card [format (4E10.3)]

Column 1-10 11 - 20 21 - 30 31 - 40 41 - 50

Name DX DY Dl DXY BETA

DX, DY, D1, DXY = flexural rigidity terms, in.lb.

BETA = angle between material principal axes and the triangular plate
local coordinates as shown below
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All the components to be considered subsequently in the Component Mode
Synthesis Analysis may be analyzed on one computer run of FLUENC-100C.
Repzat the input requirements for each additional compoment.

2.4 Description of Program Output

I. Analysis of Complete Structure with No Common Joints Involved
(NCJT=0)

A, Printed
1. 1Input Data

2. Coordinate numbers assigned by the program to the normal
displacements at each unrestrained joint.

3. Results of the analysis
a, Reduced stiffness matrix (1b./in.)
b. Flexibility matrix (in./1b.)
c. Reduced weight matrix (1b.,)
(NOTE: Since the above matrices are symmetric, only the upper
triangle is printed.)
d. Eigenvalues and eigenvectors (normalized to the largest
element) for each mode requested,
e, Natural frequencies for each mode (CPS)
]
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B. Punched - all matrices are punched in their #ntirsty in

Fortran Format (1P6812,5). BHach row starts on & usw carxd,
The cards for esch mstrix are zequenced and {dentified ms
follows:

Hatpix LB,
1. Flexibllity  FLEX
2. Weight HGRT

HOIE: The above punched cutput ie compatible with the input
required for COFA, the Collmcation Flutter Program

II., Analysis of a Component with Common Joiuts (BCJISD)

A. Printed Outpur

B,

1. Common joints reastrained,
Same as indicated in I-A,

2, Common jeints free,
a8, New list of coordinate numbers with the common joints
acled,
b. CKFJ Matrix (Stiffness) and CHMPJ Matrix (MASS) -
relates common joints to free joints.
c. Uppzr triangles of CKJJ Maerix (Stiffness) and CMIJ
Matrix (MASS) - relates common joints to common joints.

Punched Output - Full Matrices are punched for all items

Matrix 1,D.  *Theory Reference
1. Common Joints Restrained
Stiffness CKFEF E?F
Flexibility PLEX KF?-E
Weight (1bs.) WGHT 386 (HI,F)
Frequencies (Cps) FREQ Wizw
Mode Shapes (Eigenvectors) MODE @
2., Common Joints Free -
CKFJ CKFJ KFJ
CRJJ CKJJ EJJ
CMFJ . CMFJ EFJ
(HIAA CMIJ MJJ

NOTE: The above punched output is compatible with the
input required for the Component Mode Synthesis Program,

% Section 3.2, Volume III.
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2.3 Sanple Problems

A3
b o

The sample problems presented in Volume II of Keference 1 will demon-
strate tho operatfon of this program for the case when KCIT=), To demonstrate
the case for NCJIDO a typicel missile {5 analyzed.

TR i bion B sy L5 5
e oL, o .

I

A e
.

The analysis will be psrformed for the missile being divided into three
components the fuselage, the wing, and the contrsl surfsce. Thiere are three
comaon joints; two attsch the wing to the fuselage (Joints 1 and 2} and one F
attaches the countrol surface to the fuselage (Joint 3).
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NOTICE 7O USERS

Portions of this document have been judged by the Clearinghouse
to be of poor reproduction quality and not fully legible. However, inan
effort to make as much informaticn as possible available to the public,
the Clearinghouse sells this document with the understanding that if the
user is not satisfied, the document may be returned for refund.

If vou retum this document, please include this notice togefner with
the 1BM order card (label) to:

Clearinghouse
Attn; 152,12
Springfield, Va. 22151
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2,6 DProgram Listing

ﬁ ¥ FORTRAMN DFCK
CHATA PROUGRAM FLUENC~FENR BFMNERATING STIFFNESS,FLEXIBILITY AND MASS
‘ r MATRICFS FROM PIANE GHID FAH AND TRIANG. PLATE ELEHENTS
: r FINFNC-100 © FOR 100 HFGREES OF FRFFDON 1] LESS. GFNERATES PUNCKED
l f FUTPUT TO RF USED IN THE COMPONGNT PODE SYNTHFSTS PROGRAM.
r

DIMENSINN TITIF(24),YM¢10),FR(10),BF(10),DENS(10),X(200),Y(2080),
INRIED0NY NP?()UD).NR?(?O“).NI(?“O? N2(200),H3(200),NNSC(D),DC5(?),
PETM(A,6), SMH(0,6),PILTKI9,9),PLT*{0,9),85Tr(25n050),5K(25050},
ARSMAGRSIINN),A(25050), VALU(O) TEMPC100,,B(300),0¢(200),BUMI(3D6),

AF (LN, 3). ENUMACLN0), JRASSI3N0), JTN{IRD)
INTERER OUT
EOUIVAI FUCE(SSTF (1), SHEI),AL1)),(STP(1,1),5MM(1,1),PITK(L, 1),
1P TM(1.1))
1000 FOPMAT(I24K)
1801 FOPMAT(IALIS)
1002 FUPMAT(8F1INn.3)
1003 FOPMAT(IEX,2F10,3)
1004 FOPHMAT(IIIN,3,315)
1006 FORMAT(FEIN.3.HIH)
INDA FORMAT(]IS,5%.F10,3)
GOON FORMAT(1H1,12A06/1X,12A6)
5001 FTOPMAT(///76HNITS =14,5%,6H NR =14,5X,6H NAE =14,5X,6H NPE =14,5X,
174HMMANRFE =13,5%, AHMKFY =13,5X5 7H . LUMP =13,
25X, 6HNCHT =13,5X, THNPUNJ =]2)
500" FORMAT(///73HM A T F P | AL PROPFRT I F S sseannsanrinns
1axscunnnveanvnsnnnnn/7IHND, YOUNG#S HOODULUS POTSSON RATIO
1 MapnuL s oF RIGINITY DENSITY,10(/12,6%X,F12,5,9%X,F7.5,10%,E12,5,
16X,112.5))

SNps FOPMAT(//7/734H) 6} N T COORDINATE S/ISHIOINT NO, X
1 caoep, Y COoRD,)

SA0A4 FORPMATIIS,7Y.F10,.5,3X,110,5)

AONA FURMAT(//7/767H) O I N T RESTRAINT C O D E snnaspenges
Taesesnasnsnnse/07HININT NO. 7 NISPLACEMENT ROTATION ABOUT X

1 ROTATION AHODT Y)

KO0/ FORMAT(IS,116,119,120)

HONR FNRMAT(///7WHR I A M FLEVYENT PROPERTIFS #anss
1enzrannnanannstepnsnne ' 78HE| EME* T NO, A 1
1 [ MAT JOINT 1 JOorey 2)

5009 FODMAT(lﬁ.BXoF9.4o4X;Fﬂ.4.4X:F9.4.?X:l?oéX:!S,vals)

5010 FOPMAT(//7/71?2?HT R 1 A NG UL AR PLATEF FI FMFNT
1 PRNODPERPTIES BANBROIRRARB P UG EDARBPHBRPBI RN BRI RRBR R RN RSG
1asse/1221'EI FMENT NO, 1 MAY JOINT 1 JOFNT 2 JOINT
13 nx ny 1 nxy BETA)

5011 FOPMAT(IL,RY.FB.4.3X,IO,ﬁx.IS,RY,13.8X,l3.6X.F11.5.3¥.F11.5:3¥.
1F1l.".3X.E11.‘):3X:"6.?$

KNP0 FORMAT(///69HCOORNINATE NUMRERS FOR FACH 2 DISPLACEMENT AT EACH UN

1RECTRAINID JNINT/25HJI0INT NG, COORD, NO,)

5021 FORMAT((%,116)

SUP7 FOPMAT(//7/28HW1 VvV M P ED WETGHT S/23HJOINT Nn. WEIG
1HT)

HAZ 2 FNPMAT(]%,86X,F10,4)

PICC ASSIGNMFRTS
IN=bH

GUT=¢F

MNISr=7

NDIGr=R

[hi1er=09

JNisr=10

KNi1sr=11

=36~

Ladert.
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100

-

17

254

L 1L BN o I
ANRICR=13

jinjca=14

JAniER=9n

AFeTM (NI UT O DATA ]

QELIICIN,1800) (TITIFCEYy, 121,24)

RFEVINMND MN]SE

REVIMD NI ISE

REUTMD [FISC

REUIHD 1 LSCE

RFHIND KLISC

GlLuirn MupIse

R viNO NMDISC

REVIMD TIDTSN

WRuien gingaen

WRIIE(ART, %0003 (TTTLE(]),V1w1,24)

READCIM, 1001 NITS NR,MRE,NFE,NIUODF, MKFY, NLUMP, NCJUT . NPUNJY

NJTS=NN, 0F 10TMTS, NR-NO., OF J-INTS WITH RESTRAINTS

NRF =M, ©F RFEAM FIFHFENTS, NPEzN:, OF TRIANGULAR PLATHE FLEMFRTS
AMODE =N, OF § IGENVALURS AND ETCENVFCTORS DESIRED

MKEY = 1 N0 NOT COMPUTE ELEFMENTAL CONSISTERT MASS THFAMS

FKFY = 2 COMPUTE FLFMFNTAL CONSISTFAT MAGS TEHMS

N Limb i, 0OF LUMPFD MASSES INHGY

ACIT 0 O1F uNLY ONE rOMPONRENT 1S CONSINERFD,

LS MLE L0, N COMMON OINTS IF MORE THAN ORF COMPONCNT 1S CONSINERFD,
THE 'aMMON ININTS MUST BF NUMBFYFD LAST,.

APINL n, BTk MASS AND FIEXI' ILITY MATRICGES PUNCHED OUI

NPYiM.I -1, N PHNCHED 9uT1PLY

NP 1, OMLY MASS MATRIY ANG JICH,THIGH CADE PUNNHED LY

NPHN.IL 2, ONLY REDUCEDY FIFEXIRILITY MATRIX PUNCHED nUY

I NCJT 1S RREAIFR THAM 0, MPUNJS MUST RF G SO THAT ALL OUTRUT WILL
BF PUNCHID INCLUDING Tui: STIFFNESS FATRIX, HONF SHAPFS AND FREC,
FOR OTHFE COMPONFMY MONE “YNTPESE. PRCORAM,

Koo

WRITF(AUHT,5001) NJTS,NR,NRE ,NEF,NNNPF, MKFEY,NLUMP,NCJT,NPUNJ
INPUT MATERIAL PROPFRTIFS

READOIN,T100T) NMAT

DO 1N 1= ,NMA}

REABCIN,INN2)Y YMED),PRET),BECL),RENS(T)

YM=YNUNG-S MG /J0%xb, PR=PFISSON RATIO, GF=MnD, OF RIGINDITY
PEML=NENGEITY

TFIGFCIY.ED.0,.) GR(I)=YMUIY/(2. () +PKLTY))
YME[YaYM{L)el  FA

HEEBEY I NS SR N

WRITF(NU,6002) (1, YMOTI),PRET),"FCT),LFNS(T) 1=1.NMAT)
NN 266 1 1 ,MMAT

NEMSOII=DENSI)Y/(32.174#12,)

INPHT JO'NT CONRDINATESR

READCIN,I1ONSZ) (X(M)IY(N).":‘ONJIS)

WREIF(ONT,5004%)

WRYTF(NUY,S004) (M,Y(MY,Y (MY M=1,NJTIS)

NN #T18=2M1T1G8-1

nn sap 1-1,MNISTS

XCNER =Y (1)

RERRS

N 40Q [i=MOR,NITS

XMOGP=X(11)

IF(XHOR-YCNF)I409,495,409

498 YGHRTY(]) -37-




r
f
r

48%
5990

YMOR=Y(]1) .
IF(YMOR=YCDRYA9Y,485,499
KRITELOUT,50909) 1,11

FAPMAT(1H1,5X,31HA DATA FRROR HAS REEN DETECTED./6X,I4HTHE X AND Y
1 CNORNINATFS OF JOINTS i3o1¥g1H@KQ‘I3I1X.T3HAQF THE SAKE.//6X,30HP

PROCPAM FNDEN ANR JOB RELETER.) -

499
500

12

11

595

6999 FNOMAT(111,5%X,31HA DATA ERROR HaS BFFN DETECTFD./6X, SBHIN THE JOIN
11 PESTRAINT 1 iSTING, JAINT 13,11,14KAPPEARS TWICE.//AX,3NHPROGRAM

599
60n
an

?51
250

CALL FXET

nANT TN

CHMiINIT

FNPUY IDINT RESTRATNY rODBE
0=TiRTF

1=l AMPER

po 12 I=1,RIATS

NRICTD)=0

NR?2 (1) =R

MRICT) =0

Nl{])=h

N2(1y=0

EIBREL

IFINF.FD.0) RO To 8D
WPITE(ON,5006)

noo11 1=1,NR .
REANDCIN,IONY)Y J1,M1,M2,M3
ART{ATYI=M] .
NR?(AT1=M2

NRX(IT)=N] o
RRIEIF(ANT,SANTY JT, M1, M2, M3
JIM() =01

oMY INOE

IFI(NP,EN.1) B0 Tn KD
ANIJ:MR-‘

nog &nQ .a=1,NNR

JIT= 1TIN( 1)

JOT=ts

nn 409 Joa=Jgnv,NR
JETE TN LD
1FLIrT=UTT)%99,56%,699
WRTTF (N, 6900 06T

PENDED ANE JOR DRLETFRG)
CALL EYRT
COMTINIIE
CORTINUF
COMIINUF
INBUT | PREN MASSES
IFENLIMP L FN, D) B0 TO 280
RFEADCIN,100N6) (CIMASSCT),RSMASS(IIY,1=1,NLUNP)
WRITF(NNT,SN27)
nn 251 1-1,.N1UMP
WRITE(NUT,5023) UMASS(T),&SKASSCT)
RGMASS( 1 Y=RSMASS(1)/(372,174#12.)
CONTINUE
CONTINUE
IFINRFEP0) GO TD 202
KRITF(OUT, b NR)
nn 650 Nv=z1,NRF
INPLT RFAM FIFHMENT PROPFRIIFS
REANCIN,10R4) AR, XT,YJ, MAT.JTNRLITFR
AR-AREA NF REAM CRNSS QECTION. xT=zARFA MNOMENT OF INERTIA,

-38-

oS nmen i S SO Souce S i

= r‘”"‘ {""W"” gw B Vw..m

L e I

VS
on o S R 2 o e

"



amsong L !

T A AT PR T R W Ty T W G N A

 fpenay

e s g

3

Yoo 4 R e

fcosd)  puasss

e e I

ke Bier Bw B B ]

YISPTFRCTIVE TORSINMAL HOMEAT 0F INERTIA, MATsMATERIAL CODE
JINR GTFP=J0TINT NUMBERS A1 £NBS
KRITF(QUT,S5009) NM, AR, Y1 ,YJ,MAT, JTNR,JTFR
TFRCAR R0 N NR XTI eFQeNcB.0kYI . FQ.0.0.0R.MAT FN.T) 0 7O 795
IFCOTHNR FQLUTFR)Y GO T0O 796
6N 10 790
795 KRIVF(NIT,7990)MNM .
7990 FORMAT(1H1,5%X, P9HDATA ERRNF HA: BFEN DETECTEN./6X,30HA REAM PROPE
TRTY 1S MISKING FOR FLEMENT 13,1%,1H.//76X,30HPROGRAM ENDED AND JO
PR NWELETFR, )
CALL EXIT
796 Wt {(Ni1T,7008)MN
799f FOFMAT(IN1,5X,31HA DATA ERROR HAS REEMN DNETECTEN,/6X, 36HJOINT L AND
1 J0IPT 2 OF BEAM FLFMENT I3,1X.13HARE THF SAME.//76%,30HPROGRAM END
PEN AMN gnR RELETED,)
CALL EXIN
799 COMTINUE
kRTIECTINISE)Y AR, X1,YJ.MAT.JINR, JYFR
650 CUNTINII
202 CONTINUF
TFINPE b0y 6N 70 302
WRITECOUT,5ni0)
NN 685 NM=1,NPF
INOHT TRIANGHL AR PLATE ELEMENT “ROPFRTYIES
RFADCIM,T0N05) PTH,MAT, 171,172, 0TI, NOX
PTH=PLATE THICXNESS, MATEMATERIAL €QDf,
dT1, 172, 1T3=THT NUMBERS AT CONNERS, ANGLE AT JT1 MUST NOT BF
g0 higRrfES )
DX.DY,N1,NXY.RFTA = FLEXURAL RICINITY TERMS AND ANGIF OF MATERIAL
PRINCIPAIL AXFS W/0 TRIANGBIT LOCAL AXES
TFONDX.FN.1) RFADLCIN,T1002) PYX,DY,NI,NXY,RETA
TFONRX,FO.T) 6N TO 18
RITA=D,
NY=(YM(M*TYePTHe#3)/ (12, 0(1,~PR(MAT)*42))
ny-py
N1-PP(MAT) oYX
NXY= ({1 ,~-PR{MAT)}/2,)%nX
1R RFETA=RFTA/57.2908
WRITELOUT,S5NT1) NMoPTH, MAT,JTL,UT2. T3, 0X,RY, N1, DXY,RETA
TF(PTH, FO, 0,0, 0P MAT,FA,0) GO T: 895
TFCATL RN T2, 0R  JT1,FN.JTI,0R.IT?2.FGL.JT) GO TO 896
GO I1n oo
806 WRITE(NIT,RQQAY )M
8OQa FONPMAT(IML,5X,20HNATA rRROk HAS REFN DETFATED,/6X,51HA TRIANGULAR
1PLAIF PROPERTY [SQ MISSING FRR FEFMFAT 13,1X,1H.//76%, 30HPROGRAM FND
PFD AMD K BEIFTTEN.)
CAll FYIT
A94 WRITF(NIIT,ROQR)INM
BO9R FOPMAT(1H1,5X,31HA DATA ERPPR HAS RIFN DFIFCT#D,/6X,94HET THER JOIN
1TS 1 AN 2, 0OF JUNINTS 1 AN 3, (R JACTATS 2 ANN 3 DFFINING TR{ANGUL
AR PLATF FITMINT [3,1X. 13HAKE TIE SAMI .//6X,3INHPROGRAM ENDFD ANL J
JCR MELFIfDh,.)
CAatL #YI11
890 CAMTINUF
WRTITFCIIPISEY DX, NY,DL.DXY.RETA
WRTIE(TTIHISC) PIH,MAT, 171,072,013
65% COMTTNNF
309 COMTEINUF
[FENRITY 667,056,667
65A NK 1
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6957

658

f0 1N A5A ) :
NK-? .- - * N -. :'. ) ,L\ N
NNPUT = BJUTS-NCIT+] e

no Jho KkK=t.,NK O
IF(KKKLFR.1) 60 TO 670
KFWIND IDISH

REWIND MDISE

. REMInD MMDISH

669

650

674

672
671

5N

13

251

REMIND NRISC

RFWIMND NEDISE

NO 69 HI=NMCUT,NJITS

NR1(UT)=R

KR2(T) =0

MRI(TY=0

COMTINUE

WRIIF(AUT,A59)

FOPMAT(1nT 41X, 18HCOMMAN JOINTS FREE)

GEMFFAYE COORDIMATF NUMBERS "FOR EACH DFGRFF OF FREFDON, 0 IF
CLAMPEN, NORMAL NISPLACEMENTYS AFE NUMRFRED FIRSY
N1. M2, 13 CONTAIN £OORD, NUMHBENKS FOR EACH JOINT
NRFDIL = n, OF NNRMAL NISPLACEMENTS

NDI = N0, NF DFCGREFS OF FRF:YDOM INCLUDING ROTATIONS
AV CONARN(NRPT,NR?,NRT, N1, %2, N3, NJTS,NRFDU,RNF, KKK, NNCJT)
NOMASS=NNF=NREDU ’
MM1=MRENI#NAMASS s (NREDD® (NREDU+1)/2)
IF(NCITFB.0) GO TN &7 ‘

IFIRkK,FO,2) 60 TO 671

WRITR(QUT,672)

FNRMAT(//7/ 25HCDMMON JUNINTS COM~TRAINED)
WRITH(NUT,5R20) ’

N0 B0 1=1,NJTS

TFCHP1CT)YFOLT)Y GO TO &1

WRITF(NUT,5N21)Y 1,NT(])

CAMTINUF

NSSYI =NDF#(NDNF+1)/2

BO 13 [=1,Mm]

SSTF(j)=n,

1K22=0 .

REVIMD TIDISA

IFINRF,EN.N) GO TO 260

BFRIN TO GFMFRATFE RFAM STIFENESS TFRMS

SET 1P CNNRF NUMRERS FOR BEAY JOINTS

DN 14 MM=1,NRF

READCTIINISE)Y AR, XILYJ,MAT,JTNR,.UTFR

NOSC (1 )Y=NT1(JTNRY)

NOSE(2)zi2 (JTNR)

NOSCE3)=NI(ITAR)

NOSC(4)=M] (ITFR)

NOSC(5)=N2(JTHR)

NOSE(AR)Y=NI(.ITFR)

IFIMKFY. TR.1) 60 TN 253

STNRE INFN. FOR | ATER USE

WRIFE(CINISH)Y AR, XI,YJ MAY, JINR,UTFR, (ADSA(T1),121,6)
COMTINNF

X1=X(JTNP)

X2=X(.JTFF)

YI-Y( JTNFR)

Y2=Y(JIFP)

FIMIR=GAPT((X?7=X1)uu24(YP2=Y]1)%n )

CALL TRAMS(X1.X?,Y1,Y2 FLNTK,DCS)

-40-

h""’%zl :3

| U

RSN T
[ SN Cnoti———.

o

e e e b i

A et o

JEERRORR e



| oo |

B rciten

{

[ e

ZIMW'

¥

| maageel

i'

-—
r

184
187
16
15

14
2qn

254

F=YMIYAT)Y

G=0f (MATY »

CAML RFARK(FINTH,E, R, XT1,YJ.GTH,:0S)

na 1% Kk=35,6

JF(NNSE(K),TA,0) GR TO 18

1=R0SO KD

RO 14 N=1,4

TE(NASA (), EN.N) GN TO 16

JENACGIN)

IF(JLT. 1) 60 T0 16

VMo (P804 (1=112{28NDFelV)/?

MMz Me Mg

IF(MM2Y1R6,180.187
SSTF(MM)=SSTF(MM)+STM(K,N)

G0 1N T4

AS=STM(K.N)

WRITE (MHBISE) MM2,AS

1K?22=1K27+1

COMTINIE

CONTINUFE

COMTINUF

CONTINUF

IF(NPEEr,0) GO TG 300

RENIM TO RFMFRAITF TRIANGULAF PLATE STIFFNESS TFRMS
SET 1P CNnF NHMERERS FOn TRIANGULAR PIATE JNINTS
REi-MIND JABISE

NN 17 NM=1,NPF )

READCIINISE) PTH,MAT,JTL,JT12,4T:
REANCIIDISE) OX,DY.N1LNXY,RETA

MNOSCE(LY=ML (AT

NNSCI2Y=M2(T1)

NNCCE3Y=hICATL)

NOSC(4)=M1(JT?)

NOSC{BY=N2(.3T2)

NOSELR)=NILAT?)

NOSCE7Y=M1(ITS)

NOSETE]Y=M2(UTR)

NOSCI9)Y=43{ITS)

IF(MKEY ENL1) G TN 2594

STORE 1INt (. FOR | ATER USF

KRTIF(INTISEY PTH,MAT,JT1,3T12,d7 L, (NOSC(1),121,9)
COMTINUF

AX1=Y(IT1)

RX2=Y(.iT?)

RY1=Y(JT1)

RY?=Y(JUT?)
Y2-SORT((RX2-1X))#e24(RY2-3Y1)®02)

CATL TRANMS(RX],FX2,HY1,BY2,Y2,D.8)
XI=NCES(2Y# (X (ITI)=RX1)I-DES(1I(Y(JTI)=-RYY)
Y3=NOSE1 e (XCOT3)=RX1)I+DES(2)2 (v (JTI)=BYT)
CAL L PLATEK(Y2,X3,Y3,Dv,NY.Pl.NcY,RFTA,NCS,PLTK)
nn 19 k=1,0

IFIENDSC(Y)LFN.0) 6D TR 19

[=MASG LK)

na zn Nz=t',9

IFINCSP(E) LR, 0) 60 TO 20

J=Mase (N

IF(J.LT ) AN TH 20

VM- (2804 (1)) (22aNDFelV)/?

MM2=MMaMIt]
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18R

189

0
19

17
ana

21

22

190

191

28
21
23

7201

[FinuM2)1R8. 188,189
SGTF(HMI=SSTF(MMYsPLTK(K,NY |
60 TN 20 o
AS=P1 T¥ (k,N)
WRTITF (MMDISE) MM2,AS
[K272=1K?2+1
COMTINHF
COMTINUT
COMTINUF
COMTINUF
gsynefr roP PEHAUCTION
NO 2% (=i, NpPFEpH
NS (251+([=1)%(2eNDFm]))/2
NE=(P#NRT 4 (1~1)2(22NNF-T1))/2
WRTIFLMRISEY (SSTF(J), 1=NSHNE)
REWIMD [RISE
no 22 1=1,MM}
SM1)=1,
IM?22=0
IC(MREY,IN.T) RO TN 255
IFINFF.F9.0) O T0 201
BFMERATF RFAM MASS MATRIMES
BO 23 NM=1, MR} )
REAGCINIGEY AP XT,YJeMAT, JTER, IIFR.(NOSC(I),121,6)
XT=Xx (TN
XP2=XCATF )
Yi=YCATNE)
Y?=YCLATFR)
FEMIHSGAPT((X?=-Y1 )982+ (Y2-Y1)ks )
CALL TRAMSIX1,X2,Y1,Y2.FLNTH,DCS)
RHN=PENSI(MAT)
CAYl REAMA(CFINTH,RHO,AR, X1, YJd,SHM,NCS)
nn 24 x=1,6
[FENPSO(RYLEQLD) 60 TO 24
1=MOSC{K)
PN oh N=z=1,6
1F(NASPr (L)Y FN. ) 60 TO 25
JEMUSG(N)
FFOd.LT. 1) 10 TH 25
MMz {Pu 4+ (=112 {2aNDFuly)/?
MMM MY
[FIMM23190,190,101
CMIMI =G (MMY+ SMM(K,N)
cO T0 25
AS-SMMIK. M)
WRITE (MUDISTIMM2,AS
IM22=1M27+1
CONEINUF
COHTINIE
COMEINIIF
LOMNTINUE
IF(NPE.F . 0) 60 TN 301 .
GFMFDATE TRIANRULAR PLATFE MASS “YATRICFS
N0 26 NM:=1, MNP}
READCINISEY PIH,MAT, JT1,J0T12,JT3,(KNSE(T),1=1,9)
RXi=Y(IT1)
AX2=X(.JT12)
RY1=Y(.iT1)
RY?=Y(ITD)
YP2=SOART(INX2-0X1) #3824 (NY2=RY1)0ru?)
f2e
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CAT Ll TRASS(RXL.N¥2,RY1,BY2.Y2,00S8)
YA-HCS(2 18 (Y (TS =RXT)-DCS(IIR(Y(JTII=RYL)
YATNCS(I (¥ ITAI=RXTIDESE2 )0 (Y (JTII-BYL)
PREN=NFMS(MAT) o
CALL PLATEM(Y?,X3,Y3,PRHOPTHNCS,PLTK)
nn 27 k=1,9 .
ITIMNSP (V) FN.0) 60 TO 27
§=MASC(K)
npn 28 N=21,9
IF(MNGE{M) FN.0) G0 YO 23
CLEMOCIND
PFed. LT 7Y 606 TD 2R
PMr(Px e ([-1)e{2?28NiF=]V)/2
VM?:NH-M:!t
IF(MM21102,192,.1943
109 GMIMM)IGM(MMY+PT TMLK, N
nn 1N 28
197 AS=PL TM(, MY
WRIYT (HBDISMCIMMD,AS
LR ESE Y PR
20 FOMTINIE
27 CONTINUE
96 COMTINNUF
It COMIINUE
. STOPE FOR REDULTIONM
SHK COMLINUE
1FENEHEPLEN, Y 50 TR 2R9
NN 258 {:1,NLUMP
WND IMASSO )
IF(ML{NN)Y FD.N) 60 TO 258
NNM=LT (NN
NGz (PasNMbe (MNN=-1)a{?28NDFeNNN)Y)/?
SMINC)IZOM (NG +REMASS( I
268 COMTINIF
250 COMTINHF
ng 20 1=z1,NpEOH
NS (PeT+([=1)a(PaNNFulV)/2
ANE=(2sNNF+(1=1)2(2eNNF-1))/?
20 WRVIF(HRNISEY (SMEJ), J=NS,NEY
IF(VKEYF0L,1) O To 308§

fn oL 324
3NS MMIst NDMALSH{NUMAGS+1)/?
AS 1.0

nn 319 M42=1, MK3
WRITD (NYDISK)IMMY,AS
[M22=1M22 1
JIn COM]TNIIF
324 IF(kKK,FR.T) 60 T 325
CALL DIVID (NPEI, MAMASS,MNISC, NISC, IBISC,A, R, MHDISE, [K22)
cAlL 7°nPAK(A.R.c.nHMS,NRFnU.NO“ASS,!DISn.JUISF.MDISC.KB!SC.KKK)
CAlLY 7nnMAM(A.B.n.nHMS.NRFnh.Nn"ASS.lnlSn.Jnlsr.HulSc.KnlSC)
CAIL DTVIN (NRF DU, NOMAGS,NR1SC, -DISC, INIST, A, R, NNDIST, TH22)
CALL 7POLAM(ALR,C, NUMS, NREDN, NOt ASS, IRISE, JDISC,NDISA,KINTSC)
LAl oOMT (MREDULNCIOT,MDISC,ALBR,1)
CAYl COMS (NREDH,NCAT,UNISEC,A,B,2)
gn 16 IKE
3?26 rarg FlnrN(A.VAIU.IFMP.n.C,hUMS.F.InUP4,Vn!SC.JDISC.KD!SC.Nn!SC.
1rnlar.una,NhﬂnF.NHﬁnF.NREnU.NUMﬂss.MMPISC,NNDISC.lK?’.IHZZ.NPUNJ.
ANCOT, KKK
350 FOML N
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FNn LIS ,‘1}‘ R I - T 71 SR s
FORTRAN DFCK Cet "“‘,a,, S

FORMS, PRINTS, PUNCHES MASS OR sr:rrness FJ Ann JJ narnlcss
FOR THF GOMPBRENT AN DR ‘SYNTHESTS PPG?RAH
PRIGE COMTAING REDUCED MASS OR STIFFNFSS. MATRIX - COMMON JOINTS
FRIE (INCLUDFS EOTATION), ROTATION.OFiOTHER JOTRTS EIIHINATED.
KP-PRINT ANR PUNCH CODRE, NPsl FCR STIFFNESS, NP=2 FOR HASS

SUPRAYTIYF COMS (NRFDU,NCIT,MDISCER,R,NP)

NIMEMSTIAON A(I)LR(1),0J1(1294)

TEORMAT(/2X,3HNRNY, J4/(9F14,5))
A FOPMAT(//7/2%, IRTHCKFY MATRIY (STIFFNESS) - RELATES COMMON JOINTS T
16 THIF JOINTS - FOR COMPONENT M-DE SYNTHESIS PROGRAM )

14

50

51

FORMATI/77 2X,96HCHMFJ MATRIX (MASS) - RELATES NOMMON J0INTS YO FRE
IF HINTS - FOR COMPONENT MOTE SYNTHFESIS PROGRAM )

FOPMATC//77 2X,96HUPPER TRIANGLE 0OF CXJJ MATRIX (STIFFNESS) - NOMMI)
1K HINTS - FOR COMPONENT MODE SYNTHFSIS PROGRAM )

FOPMAT(//7/ 2%, 9THUPPER TRIANGLF OF CMJJ MATRIY (MASS) -~ COMMON JOI
INIS = FOR COMPOMENT MONnE SYATHFSIS PROGRAM )

REVIMD MDISC

RATA O1/74AHCKF U/ ,02/74H0CKJJ/ NI/ 4LOMF I/, Q47 4HTMI/

MAYZMREDIs (MRENUIG]) /2

FFADIMRTIENICACT), 121, MAX)

IFINP.FN.?2) K0 TN 7

WRITE (6,1

6N 10 11

7 WRIIT(A,8)

15

16
20

21

.24

1C=t !

AN3=JeNC I

N=MPt Nll= CuNCST

pa 20 f=1,N
NS=(28T14(]=1)3(2aNREDU-}))/2
NE=(24NPEDU+(T=1 )0 (28NRFRU-1))/7
{ =n

ARR=NT N 41

nn 1% K=hy, MRk

L=t +1

R )=A(K)
WRIIF(A,3)E,(800Y,0=1,Nn3)
IFCHPL,FEN,?2) BN 10 16

CALL PHUNC (R.1.H3,01,10)

GO Tn 20

CAlY PUNC (R,1.M3,03,10)
COMTINIF

IF(NP,FN.2) RO T2 23

WRITF(6,5%0)
G0N 10 24
WRITF (4,51)
tr=n
N2=N+ L "

‘-

No 30 [=N2,MREDU

NS -¢9¢1+(l-1)4(?nuppnu-1))/?
NF‘(?*NR‘“”*('“1)'(?'NDF"“"))/(
N1-1-N
WRITF(A,ZIMYI, (ACS), J=NC, NF)

nn 25 K=M§,NF

~44-

S e

P
N [

s N O

»

C e e e

s e



 gp—

Wu ey w w

=

| I— [ Svstome | fansy

PR

s

e
[N

L |

]

‘,._.4

m ! A....«,

25
3n

31
30

33

3%
4n

=t 39

FJJ({S:Q(K)

CANTINIIF

iy AP0 f=1,N3

TE=1-1

IFI1T.ER.0) 60 T 32

ne 31 d=1,11 .
KU-(Pslet et )o(P8)ej))r20(lul}a{N3=])
AC D) =Gt HED

CANTINIF
RG=(Palsl]=1)u(2aN3=1)1/?
A= (PaN3 1 (1=-1)2 (2283l )}/2
J=t

N A% 1)-NS,NF
RELi=0aJ00d)

Jz hed

1FIHP,FN.2) 60 10 36

CALL PHKC (R, 1,H3,02,10)
cn 10 40

AL} PUNGO (R, 113,04, 7)
CONT INIF
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< FARPTRAN DEEK A
"7RQMAK GFUFRATES REDUCENR STIFFNESS MATRIX FOR FlUFNP 10ﬂ ¢

¥

oy

P OIS A DUMMY VECTOR WITH QTﬁRARF N OR W (!ARGFR)
A 1S A DUMMY VFPTUP WITH STGRAGF Nl(h*})/? R Hu(ﬁ&l)/Z (LARSFR)
R IG A DUMMY VECTOR WITH STORAGE N GR M (Laassﬁ)
€ 18 A NUMMY YFCTOR WiTl- STQRAGF N OR M, (LA?CER)
N=HD, AF NORMAL nIQPlArFHFsTs
V=M. NF RNTATINNAL N,.04F
AIDE CONTAINS K11 MATDIY
FIPE COMTAINS X112 MATPIX o
1198 SCRATCH  TAPE
KIPE STNANFS K12aK22ea(-1)
A INTTTIALLY FONTAINS K22
sne  RENUCEDR CTIFFNFSS MATRIX IS STNRED ON ITPE
SURRMUTINE ZROMAK(A,R, N, N, N, N NTPE,MTPE, 11PE, KTPF KKK)
DIMEMSTON A(1)LR(1),C01),D49).
NNMRLE PRECTSION SHIM, p1,DnP2
' NMAX=N&(11:1)Y/7 . .
: MMAXZMR(M41)/7 ' '
! IF(rKKFN,T1) 650 TO 6
' RFWIND |iPF
WRITE(CITPEY (AL1), 1=21,MMAX)
§ AL SYMINV(A,M)
REMIMD MIPF
RFWIND [TPF
RFEUIMG MIPE
REWIM) KIPF
{ no 16 PK=1 .M
READIMTPL )Y (R(T),1=1,M) 8
[ONT=g
na 1ana jK=1,M
JJIT K ]
JK= 1K
‘ nn 20 ENRIL.
i TICMI=1ONT+1
20 COD=ACIONT) -
Ji=dde1
JATM
IR=]k - |
PN 30 =1, 1
IFOO1,FO.0Y B0 TO 30 -J

H

PR

e

R BrErBe it Be ExBe B Er iy ]

—

CeN=ACIN)

JAT A=

IN=1N+s.dA ;
30 COMTINUF 1

SHidMz=p, Ahn .

no Hn =1, M

npt=n(.) *z

neP2=c(.1) i
50 SHM=C(IM+NPT NP2

NC'NY= SIM ‘
1000 COMYTNUE f

IF(RKK.FA,2) 60 TD 11 |

WRTTF (TTPF)  (h(J),J=1,M)

11 WRITIF (KIPF)Y (DU 1), 021, M) |

] in COMTINUF .
TFRKK . FN 1) GO TO 12
RFADCTTPY ) (ACT), I=1,MMAX)
fO TN 100
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jo
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a0

100

REUWIKD [TPF
REVIMD MIPF

REVIND NTPF

REUWlMD KTPF

READ (NTPF) (AGH), d=1, NMAX).

1OMY=D

N0 60 KK=E4 N ‘
READ (TTPEY (DAY, 0=, M)
Kizri :

nn e KJ=teN
READIMYPTI I(CC.D), 421, M)
KP=Hh.i

IFRPLIT.KE) GO T0 70
Slkz=D ,Hp"

na &n LR=q W™
NP1=n(KK)

NP2=r(KP)

SHMm=CIIM + PP #nP?
10MT={ANT+1

SM=5IIM
ACTUEMT Y= ALIONT Y=GM
CNMTINUF

REWIMD MIPFE

rOMTINIE

Gr4IND NTPE’

REWIrA MIPF

REVIMD T TPF

WRITFCITPFY (ACT),1=21,NMAX)
Ri-viMn 11PF

REVUIRN

rND
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FNRTRAN DFGK

tinry RFPUCFES STIFFNESS MATHIX AND. INVERTS IV, RFDUCFS MASS HATRHX

NETFRMINFS ETRENVALUES ANC ETGENVECTORS FoR FLuFNc-loo ¢
THF ARRUMENTS ARE= .o
- VICTOR OF LENGTH NRDE®{NRDFeLY/ " € - . "

VALY = VEOTOR 0OF IFNPTH NE1G

1IrMp, 8,0.DUMT, - VFCTGRS OF LENGTH NRDF nR NHASS bSHALLFR)

F o« MATRIX 0OF n!MENG!ON (NRnF.3) AN

Ini'Ma - VECTNR OF LENGTH NRDF 0% NMASS (SMALLER) .
F1APF,UTAPF, NTAPE, MTAPE, » THESE ARF VARIOU% -TAPFS

NRDF - NUMBER OF NEGRFFS OF FREFDOM OF 'TRE SYSTEM y

NFI1G = NUMRFR NF EIGENVALUES DESIRFD

NVFC - NUMRFR OF ETGENVECTORS DrSIREN

NMASS=ND. OF NOPMAL BIGPLACFMENTS

NOMACG=N, (F ROTATIONAL DEGREES OF FREFNOM

STIFE 1S ON MIAPFE IN CAMPACT FORM

MACS IS ON MNTAPF (N COMPACT FORY

SHRKAUTIME FIGFNCA, VAL I, TEMP, B, C, DUMI,E, IDUF4; TTAPF, JTAPE,KTAPE,
TNTADRF , MTAPT ,NPDTF, NFIP,NVFL;BHAQ SHOMASS, MMTAPE,NNTAPE, 1K22,1MK22,
PNPUN L, NRIT, KKK

DINFESTON nuN\fNRanpinuﬁd(l),A(i) VALUCT)sB(1),C{1),ECNRDF,3),
1TEMPIY)

nNIMErSIO: THORCINN)Y, THIGH(LPD)

INTERER OUTY

NATA NG/ THOKFL /7,06/74RFIEX/ 07 /4UWGBHT/,QR/4HFREN/

By 6F t1-1,NMASS

ISR RER

THIEH(T ) =NMASS e

cul=e

RFWINN MTAPE

RFUIAD MTAPF

NT!I MP=NMASS

CATI NIVID(MMASS, NOMASS,MTAFE, JTAPF, ITAPF,A,B, MMTAPE. [K22)

CALL 7RPOVAK(A,R,0,NUMI, NMASES, NONASS, ITAPE, JTARPF, MTAPR,KTAPE »KKK)
CALL DIVIDINMASS,NOMASS,NTAFE, JTAPF, ITAPE,A,B,NNTAPE, [M22)

CALL ZROMAM(A,B, 0, NUM3, NMASS,NO~ASS, ITAPE, JTAPF,NTAPF,KTAPF)

LOMTINIF

REVIM) MTAPF

REMIMD HTAPF

NRFBI=NMASS
ARMY=HNRF DU (NRFDI+1)Y/2

READ IN THF STIFFNFSS MATRIYX
READCMTAIEY (ACT), T=1,NRMY)
WRTTF(NUT,5801) :
FORMAT(///85HR £ B W C E D 4 PPFR TRIANGUL AR
1S 1 1 F s NF S S MAT ] )
NN bant1 1=1,NeFEN .
NS=(PaT+(1=1)e(2aNRERU-1))/?
NF=(2«MRIDU+(T=1)2(2eNPEMU~1))/2
RRITF(NUT,S802) 1, (ACJY, J=NE,NF)
FAUMAT(/IHRPON, [4/7(9F14,5))
CONTINUE .
IFINCIT,E 0. 0) RO IO 378

-

nn 37q 1=%,NREDV

Ti=1-1

IFCIT . F3.0) B0 1n 368

PN 367 051,101

Nz (PeTa(J=1)e(P22]~0)) /24 (J=1)#(NRFRU=T)
RO 1)SACNIY)
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o LT P i
D RN R e
PRl g ’

i 369 CONTINNIF ,
RE=(PeTef{=1)w(2eNAFD-1))/2
NE=(PeNRIDUSC =1 ) S (2ONRENNST) ) /2
h 1 J=1
i nO 349 1I=NS.NF
V% RED=ACSD
T 360 J= 141
2 3 FALL PUNE (1,1, NREDI, 08, 10)
3 370 CONTINUF T ’
37% CONTINNF
CALL SYMINV(A,NRFDID
f ] RRITE(ANT,5608)
- i 550 ¢ FOPMAT(///RQHR F 0 U C E D 4 PP FR
! tF1 rYt1 g1 LT TY MrITRT Y
L r PUMCH APTION
Pw IFenrgT,uT.0) B0 IO 3003
§ FFONDUN)FR.T) 6 Th BANG
\ z FFCMPUNG: RANYHBNNP, 80602
},q K001 N 1N RGBS
% BO0° JFONMINGLEN,T) B0 TO Rn0D
) nn o apgnd
i AROD PUNCM 6607, (C11OWCK), THIBHIY )}, K21, NREDY)
oo BORT CONYTINUE
D GAR? FOPKAT (1814)
! ; niy e 4 1=1,NRFOY
I NGz (Pal+(1=1)a(2uNPENI-1))/?
s NF=(2aNRIDU+(T=1 )8 (2aNRERU-T)) /7
3 R4 WRITE(ANT,5602) 1, (ACSY, JENS,NF)
i TF(NPUN.I) ROZ,RU2,802
802 IF (NMPUINUALFN.T1) RO TO0 AOJ
- [oan
o PN Hu07 1=1,NREBY
8 P1-1-1
IFCTELEN.0) BN TO S508
i (INLLY CRNES S §
B ANUS(2#7+4(d-1)%(22]=0))/2¢(Jed ) INRFRUI-T)
500 R 1)=ACNI)
i 56008 COPTIRUSF
i NSz (20T4(]=1)e(PeNRFNU-T1})/?
: NE=(2&NRI DU+ ([=1)#(P20NDENU=T)) /.
J=1
, NN RS1A 1 J=NS, MF
: B(.1)zAC L)L)
KH1Nn J= 141
CALL PUNE (R, 1 NREDU,UA, 1)
1 5607 FOMTINIF
;e B0t comjiNur
) r FIAD [N THF MASS MATRIY
i READENTAPEY (AC1),T=1,NR¥X)
PO 6012 1=1,NRMY
60]9 A('):A("“3?0‘74'1?0
g WRITE(DNL,5505)
i 66505 FORMAT(///70HR F D U C E D WePPER
1h Frnm g MATRITX)
R nO SR04 1=1,NRFIM)
, g: NS=(P2%lst1=1)e(2aNRFAU-T))/?
B NF=(28aMRI DU ([=1) 0 (PaNDEDU=T)) /-
' 5606 WRITE(QUT,6502) 1,(AL)Y,  =NS,NF)
; [FINPUNILFO,N) &0 TO 7040
l TEONPUNGY 701,702,702
r =49«

TRIANGUL AR

TR TANGULAR

S Sk B

e

« ‘,¢ﬁ
hooc e \“?", L N
At s R
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e ETTTTY

701 €0 10

e ——e e e o s e . e e e e

703

702 IF(NPUNI.EQ.T)IGD TH 700 s Y. L . . .

c0 1IN0
7080 16+

700“ “1""”’ *;g,-ﬁ»» . L 3 ; X

nn %611 1=1,NRFIU
Ii=i-1

1Felt.

FN.8Y 60 10 5542

fin bhhix 1=, 11 : .
NIz (2aT4()~1)e(20]~ J))IZ*(J'i)i(NREDU~!)

5513 A=

A(HIN

5512 COMTINIE Co

N§=(?

#1401=1)(22NRFDU-1))/2

NE- (?«ua»nuotl-i)’(?nnnsnu F))//

J=1
nao »s
B(.1)=
56514 J=.041
Chtl
56511 COMTI
70¢ cONMpy
IF""'
CALj
11T7APE
nn en

14 JJ=NS,NE
AL

PIINC (RL,THREDUL07, 1)
NHF
NUF
IR.FO.N) RETURN .
FTGMAT( NTF—"‘P: A, V‘ANUD TFMP‘.'B.ConUHS‘»_F.. IDUM‘- NTAPE +NTAPE, JY APF,
JNFIG,NVEC,NGLIT)
'= ‘ » Nf'in

IFeeALingly, 1 f,0.0) 00 70 59

HTLRY]

6N 10 AN

Ha RHNSL
69 captt

1Y=30RT(VAIL (1)) /6.2831853

Fy=r,0 ! T
NI

WRTTF(NT,Q0N9) e
WRITF(OUT,900%) (1,DUM3I(T), (=1, FIR)
TRINCATEN.0) RO TO 380

IC-d
CAlN

PUNT (NHMI, 1, NETG,Q8,1()

JAN COMTINYF ) .
ONNG FOPMAT(/// A3X,SIHHFRE - ARF- THE 2 ATUIRAL FRFOUENCIFS 17/7)
900% FOPMAT(INX,?29HTHE NATURAL FrFQUI-NCY NUMBFR 13.2X,2HIS F12.3,2X,

13HCPS) )
RETUPN

END
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3 FORTRAN DECK
CCOORDN ASSIBNS A 00ORD. NO. 10 :EsCHM nFGRFF OF TREFDOR AT -EACH JOINT
M FOP FINENC - 100 C

C NPV, MRD,NRZ = &PRAY% CﬂNTAlr!NG’ﬁE%!RAth ‘INFN, FOR FACH DFGRIE

¢ OF FREFDOM AT EACH JOINT (FNEE=zN, 'CLARPENZT)

I N1.N2,N3 = CCONRD, NO, FOR EACH I'ESREE OF FREENOM (NORMAL

r RISPLACECENTS ARF NUMBFRED FIRST)

r AIS = NN, OF nulnTs

¢ NRFNUL = . OF MURMAL nie Placenrnrq

¢ NDV = TOIAL NOO 6f nEbaEFs NF’ FAEEDOM (INCLUDING ROTATIUNS)

10

3n

3k

Y3

3!

3n

41
H 1

SURRAYTINF rOnPnN(Nnt.nR).an.Nt,u?.ua NITSONRFDULNDBF,NT,NNCYT)
NIMENSTO: NRL(1), N92(1).u91¢1)..1i1) N2(1),N3(1)
(B ’ '
O 1N T=1,NITS
THEMPLCIY,FN.1) 60 TO 8
NT1f)Y=MD

NO-MD& 4

COMTINUF

ITINTLFO.2) 0 Tn 36

NIt hdiznp-1

no 4n t=:,NJTS
IF(NRE2 (T ' Fu. 1) 60 10 =0
A2 (1Y=Nn

IS

COMYTNUF

NO ab 1=1,NJTS
IFIMRI(IY,FN.1) RO 1O 35
ANS(C)Y=NND

AOTMOA 1

CONTINUF

60 10 80

PO 37 1=!NCAUT,NJTS
N2()Y=NQ

NO=MNO 4§

COMTTHIFE

ﬂ() R} '="'NCJT;N\'TS
N3([Y=NO

N(ITMD ¢

CONMTENUE

MREBNH=ZND-1

ANN=NMCIT=1

nn 2a =1,NH
[FINRPP(TYFN,1) €O 1O 9
N2 (1)Y=ND

NO=MAY

COMTINNE

AN 4p f=:,NN
TFINPICI)LFN.1) GO TO A0
NS(1)=Nn

NOTMOG

COMTINKIF

NDF=bn=1

FFETUPN

EMRD
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ERRTRANADERKS % & o o, oy s ot

[iPVAT FOP FLUFNC - Jﬁﬂ C

THUTESURP GUT UNF;- rlnnsﬁﬁﬁ51§|98ﬂvALqu Ann EIBENVECTORS FOR

SYMMI TRIT MASS AND :STIARNESS HA JGFS.

THF ARAUMENTS ARF=='c wiitgs g
b= QRPN R OF MATRIGES. . ~
A= NUNMMY VECTOR WITH nxnpusren IN PA!N PaosRAH 0F Na(N#1)/2
VALU= STORAGE FOR FIGENVALUFS. MUST BF DIHFNSIONFn IN THE MAIN

‘PROGRAM:AS A sVECTOR OF LENGIH NFIB.
TEMPLRL RNy S MUMMY -VEGTORS. W1 TH.DTMENSICN NF N TN MAIN PROGRAM,
- DUMMY ARRAY WiTH DIMENSTONS. OF (N;3) IN MAIN PROBRAM.
IhUM=  DIMMY INTFGER VECTCR W'TH DIVENSION AF N IN MAIN PROGRAM,
MIAPF- TAPF WHERF STIFFNESS MATRIX 1S STORED IN COMPACT FORNM,
MIAPF~ TAPF WHERF MASS MATRIX IS STORED IN CQMFACT FORM,
iTAPF, 1 TAPE~ SCRATCH TAPES.
METG=- NUMRER NF FIGRNVALUES RESIRFD.
MVEC= NUMRER OF FIGENVECYORS DESIREND. MUST RE EOUAL TO OR LFSS
THAN KRF1G.

THF MASS ANDI STIFFNFSS MATRICES ARF STORED IN COMPACT FURM AS

VECTORS, ONIY THE HPPFR TRIANGLS OF THESF MATRICFS(BY ROUWS) 1S

STNEEN,

SUPRANTIVE FIGMAT(N, A, VALU, TEMP,B,C,D,F, TDUM, MTAPE, NTAPE, JTAPE,

1TI2PR,NFIG, MYEC,NCUT)

BIMEMSIND ACEY.TEMP(1),VALUCL),8(1),C(1),D(1),F(N,3),IDUM(E)

DNIRBLE PRECTISTION SUM, SIIML

IHTERER OUT

CNHT=&

RFWIND [TAPF

REVINDG JTAPF

RFHIM) MIAPF

RFLTMIN MIAPE

M=PuMN

NMAX=MNa(N+1)/?

[N

: ,ur

e % & % % 5 8 & § 8 & % # & £ ¢ & # & & @ # & % % 8 4 %4 % & & £ & * 3 &

e B B Hhew |

SI1FP 1
READ [N VM BY ROWS IN CNMPACTED FORM
REPLACFE ™ AY (1 JTRANSPNSE, WHER: M=L & (L) TRANSPNSF
CAVCHLATE FIRST ROW
READ (NTAPF)Y (A(T).1m1,MMAX)
REUINMN MNTAPT
& COMTINNUF
A(1)I=SNRT(A(T))
nn 1o (=2,N
10 A(1)=ACIY/ZACY)
CAMICULATE AlLL THFE OTHER KOWS
INN=M
nn o101 §.2,N
INNzIND+1
Qitv=n,NN
K1-1=1
no 50 gJ=1.,k1
V(M gyl d=1)/72+1
&0 SHM=QHUM+A (M ]I&A(M))
ACTIMDYI=NSORTC(ACINDY=SliM)
TFEIND,FN NMAXY GO TO 100
SHUMI=A(CTHD)
K1z ]+
P 0e  j=i1 1,N
IND=IND+1

SliM=n NN 52

N

o I —

i

!--w\-w-q

P

e

PR

— o e e

.

L
By B © P W e B e bt et



R A S R TN

R N I

jasy  puioey iy

s |

£ ooy

e

——
o |

|

ooy it pend

r

by B S-S B T 4

2 nan

M

.

*

IRER LS
no an gid=1,11
K= (Mo g e (L=1)/2
Ki=ksf . o
KAzke+
6N SHMZGHMe A KT I #A(KJ)
ACINMDY={A(TRA)=-SHIM) /StiM)
90 OMTINHE '
109 COMYTINUT
101 ennyINuy
CHECKR FOR SINGUL AR MASS MATRIX
nn 1n2 f=1,N
KoMl )2 (1-1)/241
THCA(KT).FN.D.) 50 TO 1190
102 COMTINUE
THICS COMPIETES STEP 1
# # #F £ % % ¥ £ % % B BN B o E LR ARG N EE RNy B
STEP 2
WRITE (1 YTRANSPNSF ON TAPF BY COJ {JMNS
PET (1 )TRANSPASE INTO TEMPORARY STORAGE (TEMPexA VECTIOR)
AND THEN WRITF TEMP ON TAPE
KTAPE=NTAPF
3gn [Nn=n
nn S48 J=1,N
no 439 1-1,.t
INL=IND4+)
VIt (Ml In(1=-1)/2¢.}
TEFMPLINDY=A(MIT)
33n CNNYINUF
WRTTF(YTARE) (TFMP(JS),Jd=1, IND)
ULEL
JAN CONTINIE
THIS rOMPIETFS STFP 2
# & # & % 2 # % % & # # % F ¥ 4 ¢ & 8 ¥ @& X v # & & & & & 4 & % ¥ p»
STEP %
((IYTRANSPOSE) IMVERSF RIEPLARES (1L)TRANSPNSF IN CORE
REPLACEMENT 1S DONE RY 1 AST COLUVYN FIRST~«-WORKING UP THE COLUMN
nn 41p 1-1,N
INTi= (13 (Me3=T1))1/2=M
410 ACIND) =1 /A0 IND)
NN 499 (1=2,N
Ja=(Me2)-
nn 4ap [=2,.4.)
INP= (NS J+]=3)al f)-T1)/2
CliM=r NN
K1t lal47
PO 4%0 K=K1,.1
[N¥=IND+K
PK=(MaK)e(K=1)/24].)
450 SHMzGUM+ A (ThK )R A (MK)
IND=INDe *J
INT=2IND-14+1
4910 A(TND)==CUMsA(IN])
499 COMTINUF
FND OF STFP 3

Ca # & # 2 & 2 % & & % & % & % 8 8 % 5 8 % 8 # 5 % 5 ¢ & & & 8 8 % % 8 »

f.
C
r

STEP 4
H=(01 )Y TRAMSPASE ) I NVFRSF
WRITF 1 AN TAPF RY ROWS
WRITECTTAPE) (ACT), 121, NHAX)
«53-
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o e e

FINISHFER HITH STiP 4
4 & #F £ B 84 & B R BN P E SO T 8GR RIR G R RN RN

¥

Cs

r STEP 5
r

N

| Mt

]
|
|
{
imi-.:;
PR SRS SRS

RETIF 1 AN TAPF RY COLOMNS STARTING WITH THE LAST COf:UMN FIRST
PUT 1 (1L AST COLUMN FIRGTY IAT0 TEMP AND THEN WRITE ON TAPE
IND=D -
nn 555 K=1,H
Jetak 41
nn sk 1-1,.) i
THH=IND+1 "
VI2=(M«T1)el1=1)/2+
TEMPOIND)I=A(MI2)
ahn CNNTINUF
KRTITFCATAPF)Y (TFMP(JS),Jd=1,IND) L.
IND=1 4
5h5 CANT NI
- FAR OF STFR § - =
! L% & 5 % £ # & # ¥ S B %2 ¥ 5 ¥ P B * a % E R B R B R REE R E R RN ‘
STEP ¢ sere e e
FOPM ki) P L i
PEAD ¥ INIO CORF ’
PEAD 11 INTO £NRT 4 COLUMN AT a TIME "IN RFVERSE ORDER
REPITACE K RY KU CHLUMN RY COLUMN STARTING WITH THE | AST COL UMK j
AND WreRKING UP THFE COLUMN
READIMYTAPE) (A{1),1=1,NMAX)
REMVIBD JTAPS H
PO 600 Ji=1,N" L
JEMeT e g}
READCYTAPE)Y (TEMP(ILY,11s1.4) :
P saon j1=1, ! |
I[=t41=11 : )
SHM=f NN
o nxy K=1,1
MKAZ (MK a(K=1)/2+1
650 CHM-SiIM+ A (MET1)ISTEMP(K)
THH= (M~ ] (T=1)/24 0
IFCF.ENGY) RO TO 6RD i
Kiz(Me])2(1=1)/2 )
1=14+1 .
NN 6&D K=, |
K1¥zk1+K '
60 CSHM=CQHMIA(KTIK)*TIFMP(X)
680 CONTINHF
A{TNDY=SHINM
HON COMTINUE
fND O STFP 6
LI K JREE NN JREE TN SR R BENE JEEE K BEE R K R N K NEE BEK IEE BER IEY NEF BEE BEE BN R JEE B JEE K N 2
STFP 7
FAPMOCT ) INVERSF)Y KU
Kti 1S IN CORFE
KEAD IN 1 gL uMn RY COLUMN AND CALCULATF ((L)INVFRSE YaiU
RN RY RNY
CALCULATE THE FI1RST ROMW
RFWIMD NTAPR|
READINTAPE) T MP(1)
po 710 v 1.MN
710 A(U)=AC]IY/TEMP(T)
c AW PRECHTATF THE REST OF THE R: WS
' INR=M
pn 789 [=2,N

-,.
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REAND (NTAPF) (TEMPLIS), JJ=1,1)
nn 7oy g=1.8

IR VERE R

Jd=1-1
Slmz'nv, np

nn 784 K-1,.4.0 )
¥z (MoK Y {K=1)/24d

750 SUHM=SUHMATERP (K} A {HK2)

79¢
S
* a0z

S

A{INN
1er 7
*» &

T+P R

)= (ACTRN)=SUMYZ/YEMP(])
1S COMPIFETE

XX 8RR R R EEEDL BT R R E P E R L R

DETFRMINE EIRFNVAL UES AND BEIRERY CTORS OF THE NFW MATRIX
CHANMCE TE SIGN OF A Im ORDER Tu (OPTAIN THF SMALLEST
FIRENVALNE TTIRST

G RN 7=1,MNMAX

At Y-t}

a9

ALY

RICMATCAL VAL U, TFMP,R,C,D,F, TNk, N NFEBR,KEVFC,HTAPE)

CHANRE VALY RACK

pn ARG [=1.,NFIR

RSN VAL HETY==YALU(L)
GIEP A 1§ COMPIETE

1A

9

CHAMEE FIRENVECTORS HACK

RFAN n

INTO NORE RY FONe

READ UNAHANGID FIGEMVFCI0RS INTO CRRE ONE AT A TIME
CHANRE AMD PRINT ETRENVFOTIORS

IFINVER,FO.N) G0 T 2000

WRTIF(NUT,4001)

G+UIND [ TAPH

RIADCETAPF)Y (A1, 1=1,rMAX)

REM|MND MTAPE

TFIMEIT,EN.D) 66 TD Bén

a6n

gpo
91in

Q3R
939

94n

941
947

e o e

NATA
0=

N267/44UMONE /

CAMTINKHF
npa @09 Ji=1,NVFSM
RUAD(MYAPE) (TFHMP{T)al=1,N)
IND=P
in 910 1:=1,N

_ SHw=n,.nn
no Gng Jg=j§,N
INI=TND+1
SHUM=CUM+A(INDYRTEHP(J)
TEMP LT )Y=SUM
NOBMALYTZE THFE FIGEMVECTOR
SUM=TEMPI]1)
nn 439 11=2,N
IFCARS(SHM)I=ARSITEMP(I1))) n3H,930.939
SUM=TEMP(]T)
COMTINUF
IF(SiIMY 040,947,040
COMTINNE
nn 941 ti=1,N
TEMPCTT): TEMPCTT)/SUM
CONTINYUF
CONTINNE
IFIMCIT,FQ,N)Y 6N TO 9%0

CAL

- e an e

PUNE (TEMP,1,N,024, 1) 55
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999 WRITFCAUT, 46003 JJ, VALICIAY , (TEVRLLY, BT, N
c STFP © 1S NOMPIFTE
Ce 8 % % 3 % % & 2 3 2 % &8 % & & & % 8 % 5 8 % & 8 3 % %¥ & % & & 8 # 3 2

GO 1IN 2809
AB09 FOPMAT (1HO,19H FIGFNYRCTOR NUMGER 1%/12X»17H CORRE%POND!&G To
116516 ,7/7401H 1P6F15:7))
4001 FORMAT(1111,38X,43HHFRE ARt THE EIGENVALUES -ANR slasﬂvsctons 117)
4002 FORMAT(1I1,38%X, 27HTHE MASS MATRIY s S%NGULAR 17 .

LR

1090 WRITF(OUT,4002) B R
. 2006 RETURN
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TORTRAN DFCK
IHIS SHRRDUTINF PORHS THE G MATHIY RFLAF!NB<IQF CORHER

2Tt

DLSPI ARFPENTS. T0 THE PnLYNORIAL DEFLECTION Cpﬁ?r!ctENTQ_l

FOp THE TRTANGH] AR PLATE‘FLF“E“fi ) -
w X3, ¥3 = COORDS, 6F PLATE CORMNERS i Ln,c’_A‘L ..n_ozsln,ma-‘i'rg
f + MATRIX

snupnnrinr rﬁAT(Y?-X1,Y3pc3
BIRENSTaN £(9,9)

o o10 121,09 )

Pt 4z ,9

C(T..!):ﬂ.

(Y ,3=1

C{?,%)=1.

fi2i?)==i,

Cl4,1)¥=1,

fea,t)=¥?

C(A,AY=YPes8?
£{2,0)=¥%863

AP 5 i

Tth,A)=P.a¥2
N{5,9)=3.2Y22%2
N(h,D)==1,

Clr,5)==¥D

(P )zaYP82?

t{(7,13=%.

€C(?2,23=¥%

r(7,8)=YR

C(7,4)=X3%4?
L{7,5)=X3%Y3
PL7,6)=Y3na?
C(7,7)=Xiun3 -
C{7,R)=X3aYSi0e?+Y35XT2s2
G(7,01=Y3%a3

C(R,3)=1.

f(R,H)=¥Y

C(R,AY=?.28Y3
C(P,R)=P . aX3uYT+X3na2
C(R,0)=3 . aY$ne?
C{9,72)==1,

C(“l"’:'ﬂo’y:‘

f(Q,5)=-Y]

00, 7)==t #YRua?

C{O,P )= (Y3un2+2 aY30YR)
RFETURN

FNR
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FORTHAN DFEK

R=MO, ,ng,nﬁh
MENRL OF ROTA

ﬁxi

1
Al
1

% .
K3

IS
MY

n

NAT DY

-
o
&

Spih «fg@%

-

—ox-i

1 .
R '”\( Fag

o"i

9

(

4

i e, - .

5
a1
NIPF—PONJAJ¥3‘QTiﬂfp §5 4 n ss)anlwaxx S
KHIPE-ROLTATNS K22  (OR. HaZ) ¥ o .
PYPL-KiZ (H1?) STORED ; T L.
TTPE=K31 (H11) STORER. PTG EL LT T e
k= BUMMY STARAGFE VECTAR, IARBER ﬁF (No(ﬁ+1ﬂl? GR H«(H*L)/?>
SHRRDUTINE pivin (W, H,ATPE, FTPF;!TPF.h.B.RSYPF 1?2}
DFMERSTON AC1).RET) i
REWIMD JTPE )
RLVIRD NTRE -
REVI*D MTPF
RiTHIMD NLTPF
NMAX=Ne(H+1)/2
FMAX=Uy (He1)/7
NH=N+ N
1CMI=h
neoto y=1,N
‘!1MM-]41
REANINTPIY (R(J),J=1,11)
!n:{[-u
RO 20 Jg=1,10
ICHMT=IONT

ﬁf’
Y

rdl ACICHT Y =R

IN1=1ne1

Joni=g

nn 30 izint, 1) ' ] -
JOMT= IENT+1

an ROIWNTY=R())

WRITE(MTPE) (8BCd), =1,%)

in LOHY INUE

b = B Bivar Miue i Ear Bibae B

RREIF{TIPEY CACU), =9, NRAX)
REWIND MTPE
REVIND [TPF
N0 &6 1=1,MMAY
64 A(1)zh.0
no 80 3=1,122
READ (NNTPEIMM?,AS
A{MM?2)=AIMM?2)2AS
50 CONT INUF
RFTURN
FND
FORTRAN DFCK
PLANF GRIND BEAM EILEMFLT QYIFFNFSQ MATRIX N SYSTFM COORDS,
. = BRAM LFNGTH
YitING#S MODUGLUS
MaNUE HS NF kIGINTTY
ARFA MUMENT 0OF INERTIA
FEFEQTIVE TARSTONAL MOMENT 0OF INERTIA
STM = QTIFFNFSS MATRIX
iee = NIRPECTION COSINES
SHRRNAUTIMFE RFEAMK(FL,E,3,%X1,YJ,5T8,NCS)
NIMEMSIOY STM(6,6),0(S(2)
Zi=FsX1/¢ L
72=0CsY.1/1L
STMI1,1)712.#717(F1 #FL
SI¥(2,1) 6.#71*NS(2)/ L.
STM(7,2)3:4,47140CS(2)#nC8(2)4724NCS (1) #DNS(T)
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7<:v(~ ANES6, -z1fnr5(1a¢£t L
STHER, 2 (24 #7122 )10DESL1V00CEIR)
'CTH(1.§)“4.E71*UrS(1)GQGSGE)OZZ ﬂc%l?!GﬁCS(Z)

g"p(‘ 1 )-'.QIH(IA")
STHEa, P3:=8TH(25 1)

tT“(A 1)--§1H¢3 1)
~er(n,4¢ STH(! 1) e ve

QT“(“ 1) = STH(Z215)

SIS, 0= 2.!71*“?3‘25*105(9) Z?€ﬂ€§€1)‘ﬂcS(P%

TiN(r,3Y)==(2, aTIfZ?)-BHSti%%ﬁCStZ)
QIR(y, 4)—-9?"(? R
SIM(H,5)=STH(2.22

QIM(A, 1)~ s1n(3 35

SIM(6,2)= STH(5, 3)

SIM(A,T): 2.a?16hr§(1)¢nr5(1) szﬂﬁSi?)GBPS(Z)
CT“(S,J)--QTH(* 1)
CTv(e,5):=STHL4,29
CTM{r,A)=STH(S )

nn in 1=2,6

Nzle1

pn 10 4=1,¥N

ST, 131=STHCE,.0)

REVIiIRH
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‘ih ¢ N SYSTEM-COARDS,.

I - v . -t

FORTRAN. BFFK ,1
"RFAKY PL-ANE Putuvufanqagspﬂﬂf ao
FI = BRAM TPNiTH,
‘AN = nF”SITY
A - CRNSS SECTIONAL &ch ) ) < o
xi ARFA MOMENT or !NrRY!A - T o
¥ REFICTIVE TnRSinN\L HGHENT GF lNERT% o . -
SMM = KASS Pktﬂbx.h, Ty e e I ]
RS = BIRFOTION r051u€q N ' )
SUBRAUTINE REAMMEFT, aun,& Xl ¥, s#n,m:ss 4 : »
P NIMEPSTON SHMTS, s),003¢2)
21 PHNUASFL
~Fi u?
7‘ Xl/h £ LY
nn Z1-(1'.i35 *(6.973)1(5.'72)) ,
STV w1 wF) 720,428/ (10, 4FL)) ‘ ) ) E
AA Ziw(227105,42 ,073/15,Y ’
TT=/4aY.i/ (3.91\)
RR=/12(9./70.=(h, -7x)/(5..72))
CN=711: #F1 /7420.-73/7(10.%FL))
SG~~r1x (727140473730,
i EP-718Y1/(6,%4)
SMM(1,1) D
SMM(D, 1)=CC*R(S5(2)
SHM(Z,2)- AARDES(2)&DEST2) ¢ TTaUCS (1) aNCS(1 )
SHM{Z,1): «CCeBCS(L)
SHM(Z,2)- (~AA+TTIeDES(1)0CE{2)
SMM(S,3): AAoHPQ(l)&nrqct)41150rk(2)ﬁn65(?)
SMM(4,1)=RR
CSMM{4,2):00aD0S(2) -
| SMM(4,3)=-0n*nCS(1}
{ SHM(4,4)=SMM{§.1)
SMM(h,1)-~SHM(4,2) |
SMM(& D) =GEaNS{P)#NCSC2)+PPEDCE (134DCS{)
SHMM(5,3)-(=-SS+PP)Y&NCS{1)aNCR(2) u
SMM(F ,4) :=5MM(2,1)
SMM(R,5) .SHI(2,7) -
SMM(A,1)r-GMM(4,3)
SMM(A,2)-SHM(%,3) ]
SMM(A,3)=5SeNCS{LISNCS(1)+PPDC . (2)aNES(2) |
SMM{A,4)-=SHM(3. 1)
SMM(A,5).SMM(3,?2)
| SMM(6,h) ~SHML S, )
: nn 10 127,48
5 N=l«1
8" lﬂ J=1,N
10 SMM(.L, 1)=SHM(T,J) . ]
RETUPY
END
FOPTRAM DFCK

"’ﬁ'ﬁ -

[

"Hn

.').‘3.‘)’)‘)-?‘5"!’.\-0‘

T e T e

| Lot

v

b

Pl ATRK
THIS SURPOUTINF NETRRMINES THF “TIFFNESS MATRIX OF A
TRIAMBIF PLATE FIEMENT N SYSIF CNHORDS.
Y2.%X3,¥3 = COORUS, OF PLATE COR:FRS IN LGDAL ROORDBINATES
DX, NY,NY,AXY.RFTA = FLEXURAL RICINITY YE#ES AND ANGLF OF MATERIAL
PRINCIPAL AXFS W/ TRIANGLF LOCAL AXES
BGT = DINECTION COSINES
PI Tk = STYIFFNESS HATRIY
) SURNOUTINE PLATEK{Y2 4 X3, ¥3aDXDY, D1, 0XY,BETA,NCS.PLIK)
: NIMESSTO" PLYE(0,9),0(0,0),0 IRNV(9,9),P(9,9),R(9,9)
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FONIVALENEE (P Tt STIFF L 4939
AT
LI .
LAE] DRINMATAY?, X3, V3, 0¥, nv.nz
1N
CROCTR 12240

MIERSIOT TC9:9, STIEF(9,9 ncS(a) L
R 1T
P“&?(Y? xJ.YS.f) T S -
HINY (6 CTNV,9) ‘ -
n‘V.ﬂET‘:P .

qaqqpvtP.Ple.R:°?

AN

nn 1M J2t, N
17‘-r!"V€l.J)
272=C NV L, IR
RIS AL 777
SIS TRIRAEY VAL
TON]TRIE

cAary HAF"PY(PINV %, QY!FF 9)
PO AR 1=159

RO 400 1,0
101,020,
1(3,1)=1.
1(4,4)=1,
T(’i?)—'-i:
1¢7,73=Dprs(?)
T{4,3V=08(2?)
T(H,53sNrS(2)
T(A,AI=DI'S{2)
T(R,#)=N"S(?)
1(0,0)zprs(?2)
T€(?,3)==-00S{1)
T(5,#)==DCS(T)
T(h,0)==0CS(1)
T{(¢,23¥=nrsS(3)
(s ,8)=nrs(1)
T(a,P)=prs(l)
CAlL MATHPY(STIFF,T,€,0)
1(2,35=00S54(1)
T{R,£)=pRS(1)
T(a, ey =prSe1)
T(¢,2)==00S(1)
T(a,%)=s=NCS(1)
T1({0,P)=~DCS(1)
CAVL MATHPY(T,C,PLTK,D)
RETUFN
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annz
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9nisk
anin

onq
1

9037

ﬁi} '(,” 4t

o mn}nn nsmc . fgt &yt
MA‘TRW“;WFRSION SUBEOU’H‘\‘E?

A- = NATR!X 10 RF INVFRTER ’

t = INVFIJFH HAWR]X -

ki = OROFR OF HATH TS CORE Oip & - €7

cunkrurlns H!NV(A.U,HH%

ﬂ!MEPSION A(9 9 U€9 9.

nn 9NN I=1,NM

no orne =1 NM

(L, 0)=0.80 -

TF (TaF.d)Y WUTa =140

COMY ENEE

Epusa, apannonl

nn opys 131, NM

K=t "y

TF (1-NMY 9021,9007, 2021

IF (A(1,1)- -FP5) 9"06.9006,9ﬂ07

IF (=ACD, 1)=FPS) 9006,9006,90067

K=k+1

no 9N23 =1, NN

COE, =YK, J) -

A('o-')‘-‘h(!p.l)f'h(K’J)

en 1o onrt .

PIv=AEE, 1)

fnn gane 1=1,NM

PO, ) =uCt /7Dy

A(’.J):A(I.JUD!V

PO 9N1s “MM=1,NM

PR I=A(MM, )

IF (ARS(DFLTI=-FPS) 90O15,901%,9016

IF (MM=T1) ar1n,on1%,9610

no ongq I1=1,N™

L OMM, Y (MM, D) =0T, UV aDELT

AUMM, JY=A (MM D =ACT,J)sDELT

COMYINUF

B an33 1=1,NN

nn ofr3xy J=1,NH

ACY, 00200 1,.0)

RE 1IN

FHn

ey
¢
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. FORTRAN DFUK
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AR
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20

CNINv AT
N Tu1s SHRROLGENF BETFRMINES THE SOURLF INTFR&&! MATRIY ron
i THE ¥ FQUATION FOR THE 1Riﬁh30ina PFAFF FtF!FNT
e Y?2.33,¥3 = raoRds, nr nlATE conapas T inclL rooanluATFs
"% r DYDY, N, DY, HFTA = FLEXURAL RIGIRTBIY TERMS AND ANSLE ‘0f HITERlAL
~ PRINFIPAL AXFS u/n YRIANGLF LOGCAL -AXFS
r P o= ROURIE INITCRAL MATRIY

SURRANTINF HINMAT(Y257XX, Y3, DX DY B1,DXYSRETA,P)
DIMENSIAN P(9,9),11{3;:3)

o 10 §=1,3

no 16 4=1,9

PO, )=,

CALL DMAT(DYX, BY, N1, DXY,BETA, D)
M:‘!ml_!m(Y?‘-,XS:Y&-G.M

A"H"LY”’(??.Xﬁ;Y&»tgﬁJ

K3=2DR INT(Y?.X3,¥3,2,0)

AACHRLINTLY?,%X3,¥3,0,1

ARBPL THI (Y2, X3,Y350,2)

AO-NRLIMIC(Y?, X3, Y3511

PEA,a)=A.%n(1,1 A1

P(A,nY= 4,80 (1,3)8h1

P(A,A)=4,.D(1,2)8A1

PCA,7)=10,8n(1,1)4A2

F(A,7)=4, 0(N(1.1)10AdeN11,2)8A2¢2,8N(1,3)8(A2¢04))
PCA,T)¥=12,80(1.2)0A4

P{R,%)=4.2D(F,3)2A1

PR, 8)z A.an(3.73eA1

B(%,7)= 12.#N(3,1)8A2

P(n,RYz A,#(D(3,1)%A4+n(3,758A242,%N(3,3)8CA24A4))
F{5,0)= 12,4N(3,02)uréd

F(‘-.6)=4.!ﬂ(9.7hA1

P{A,7)=12,#01(?,3 )8A?

P A, P4 e (N2, 1)0A8eD(2,2)8A2¢7,8N(2,3)4(A2¢44))
P(/:,C)-_-],"’g"('),?)“54

E(7,7)=3A,an(1,1)%A3
PU7,8)=12,0(B(1,1)2A6+0(1,2)8A342,00(1,3)x{23446))
P(7,0)=3A,.#0(1,2)Y%A08

P(R,PI=A. #((1,1)2AB4Nr1,2)0A642,4N(1,3)a(A6¢AR))

1 $ALH(N(2,1)2A6N(2,2)8h35,aN(P,3)a(AT+A6))
1 tB. (NS, 110 AGN(3,2)04347,8N(3,3)a(AJ*AR})
1 R (NES1IRARGI(3,2)V8A640 ,aN(J,3)0(A64+4A8))

PUR,0)=12,2(D(1,2)2AB¢n(2, ?)‘A6*?.ln(3 ?210(A6+A%))
P(n,0)=31,4N(?2,2)8A5

py 20 121,18

ANztat

nn 20 1=4,9

POy 1y=pct, D)

RETUPN

tND
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3 EORTRAN DECK
tHATVPY . ERA A ¥ | !ut—, 244 29 HE o s A o N
y PUETIPLATS n&14gr &q 3, TO,GET €y AL OF GRDER NaN
cnnnnu;pxsqn&tnggcé. 0 T Ve
AIMEMS LMk (953) ALY 9;‘,,6(,_9,.2)_.; C J5 N
BN 16 Tz1,K wavr arme o e el
no 1F J=1,N T e
Lo, =n. S S S . .
no 10 Kk=1,H . , . .
18 €U, =001, dY+ AT, K )8R (K, 3
RETUPN
FND
\
]
vd
3
]
'
|
1
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t‘ ]
" g 17
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A SIS EHOE e

FORPIRAN DFCK

TS SURPOUTINF DETLRMINES THE vLEXURAI

TRIAPMGLFE L OCAY fOORnlNATES

RISIDITY MATRIX 1IN

DXLV, N1, NXY.HETA = FLTXURAL RI® lDlTV TERHS ANN ANGLFE OF HATERIAL

PRINCIPAL AXFS W/0. TRlANﬁLE LocaL AYES
D - TLEXORAL RIGIDITY WMATRIX IN TRIANGLE LOCAL
SHRRAUTINE DMATIDX, DY, N1, BXY, RETA, D)

piMragInn (3. 3)
M1=(ONGS(RFTAY Yaa?
TI2=(SINIRFYA) Va2
TI=SIN(RFTA)=ENS(RETA)Y
1212149
1729=714
[78==-T13%

131--7 S IN(RETAIRPOSIRETA)
f=z-TH

111—!11-'1?

711=0XaT11+h1s712

212=1Xa171en1a72?

714=NYXaTX14012T37

221 =n1#7111+nYeT12

227°=018121+0Y8122

72¢=11eT314NY*T32

73V=nYYeT1 3

737=NiXY& 123

734=n¥XYa133

P, 1)=T1 w71 +4712472147330731

N(1,2)=T11#712+47122722:+714#7232

N(1,3)=T11e713+T12#/2367134733

N~ 1)=T71271141222721 47232731

PE,2)=1218/17412207224723%7232

(2, 73=1212713+7220723+4T234733
N, 1)=1318711+4732%#7214T332731
N(7,2)=1 127124132722+ T334732
DU, XY= 81871 4+4T3207234733#238
SFI1LPN
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BEL INT A

C FOVATIANS.FOR K ANB .M EOR.THE TR1A

40

41

47

1M
43
b1

H1

L

20
53

FOFTRAN DECK
S T ST I A A SRS
THIS SHRRONTINF FVALUATES THE DGUBLE iN

suLA

rs

FICTION DRI TNTCYZ, X3, ¥3M, 80 .
PIMEMGTIE AT(2),R1(73,P1(7),P2(7),PS(T7)
FONIVALFNGF(RI(1Y,P3(1)Y)

'F‘H"l’ 40.‘1.4?

Pitt1y=1," .
Nt=h

firoin A3

Pl(1)Y=-1.0

PLe?2y=1."

K=t

e In 43

COMYTINYF

At Vv=-1.0

Att2V)=z1,.0

Ri(fiV'=-1.0

RY(2Y=1,2

L |

PM=Mat

nao o1 =i, MM )
CAatl PlY‘P‘A101'R1}M1091'N1’
MNNT1=N1+1

no 18 1=+, NN

R1(iY=p1(1l)

M1=N1

CNMTINIE

CNAMTINUF

IF(HN=-1) 0,011,527

P2¢1y=1.,1

A2=z0

N TN 53

PRI V==Y Y?

P2(21=Y3

NP

N0 TN 63

COPTINUF

A1t1)Y=aY3Re4Y?

AV t2VY=Y3

N1l Y=Y S+Y?

R1(2V=Y3

vi-1

AN-M=1

pn 20 =t ,Nb

fAL PLY“P(A1,1,RL,M1,P2,N2)
NNPzMD+1

nn 20 {=1,NN?

R1(1)Y=P2 (1)

M1=N?

oMl ENIF

COMYINUF

CAiL PLY P(P1,N3,P2,N2.P3,N3)
NN3I=AT 41

Nl =n,

nn 3n 1=1,NN3

eni zenls (X3na(Me1))aY22 (1. /FLOAT(MONG2) ) PI(1)a(1./FLOAT(NI®?<]))
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TEGRALS APPFARING IN THE
THE TRIANGULAR ‘PLATE FLEMENT

Y7.%3,Y3 = COORDS, OF .PLATE CORNERS IN LNCAL COORDINATES

MM = POWFR OF :X-AND Y ,RESPFCTIVELY, PRZEMIENTFCKI, PAGE 305
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FGRIRAN DFCK
12765
POI YNOMTAL MUl TYPLY

CHARAUTINE PLYNP(A, LB, H)Cs )

Gl-u3nt 9-3-64
DIMENSTCN AC1I),R(1),0¢1)
N = o+ M

1,01

B

1
L SR B
- > DA -

1
1
= 1.2
J 1,M?
K = [+l
Clek=11 = N(K=1) & ACIY*R(J)
nee 2 Kk - 1,01

11 = K

IF(rexy) 3,2,3
CONT NI

1Heiy - 1) 5.5,6
N o= 1LY - Tt

N7 = N O+ %

nee 7 4 1.,N?
Nt o= o 11 -
CrJy = r{N1)
RETHRN

NN

FORTRAN DFRK

PUMCHES TULL MATRIX TN (1F6E12.5) FO

TH' CALL PHNEC STATFMENT MUSY RF IN A 1O0P,

FACH RAW STARTS AN A NFW CARD.

A 1S THE ROW VECTOR TO BE PLHCHED,

LS IS THFE FIRST FLFMFNT OF A T0 RE PUNCHFD.

AC 1€ THF | AST EIEMENT OF A TC ~F PUNCHED,

f 16 THE Al PHANUMERIC IDENTIFICATION CODF FOR THF HATRIX,

1€ 1° 1HF SEAUFGCE NUMRFR FUR T-F FIRST CARD LFGS ONF.

iC = 6, 'F THI 1 IRST CARD FPR THFE MATRIX IS Th gF SEQUFNCFD 1.

NPT INE PUNE (A,NS.NE,Q.10)

NIMEHSEAN ACT)

FOPMAT(INIF12.5,60%X,1A4,14)
FORPMAT(IPPF12.9,48%,104,14)
FOPMAT(IPSF12.5,36%,104,14)
FAPMAT(1P4F17,.5,24%,1404,14)
FAPPAT(IPSE12,%,12X,1A4,14)
FOOMAT(ICAFI?,.5,1A4,14)

NT=NF MY

N6G-WT/A

NOMEuA

Nt-NS

NZ2-N1e+H

IF(HY 1 T.6) B0 10 20

PO 1R d=t ,NA

HOAR LMCR
PUMCHA, (FL1), 1M1 ,K2),0,1C
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pLYME
PLYHP
PLYMP
PLYHP
L YHP
PLYHP
PLYHP
PiYHP
PLYHP
PLYNP
Py YHP
PLYHP
P1YMP
PLYHP

PLYHP.

Pl YMP
PLYHP
Py YHP
PLYMP
PLYMP
PLYNP
Pt YMP

Pl YHP:

PLYNP
Pt YMP
Pl YNP
PLYNP
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Niz=N24d
N KNZ2=MP+h
IFINT FO.HC) 60 T0- 56
20 KN-MTH(
10=:6+1 " ‘ e
G0 10(21.27:29:24,2%5) N0
21 BHNCU 1,6A¢1),1=N1,NE},Q,IC
fn 1t 80 .
20 pupren 2, (A€1), I=H1,NED,Q, 10
chH I S5

puosly e

- St A
s N £

SIMIAAAIRNSAITI ST ARTN

§ 2t PUNGH 3, (A1), I=N1aNEY, U, IC
1 an 16 50
v o4 BUMEH &, (ALT), T=NLANE}, 0,10
o 60 1 &0

{ 26 ENHMEY G, LAY, T=NTLNE), B, 00
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{ FNR
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5 FORTRAN NFCK :

CPLATFM L,

r THIS SHRPOUTINF DETERMINES YHE *aSS WATRIX’OF A o
- TRIAMGEF PLATF FIEMENT IN SYSTFr COORDS. .

r ¥2,%X3,Y3 = COORNS, OF PLATE CORSERS IN LocAL ronnnzﬂATFs -

r PRIO = NERSITY L

r FTH = PIATE THMIGKNFSS Moo

r NES = DIRFCITON COSIRES . .

r PITH = MASS MATRIX el =

L]

11

400

CHNRGIITINE PLAT?H(Y?.X%.YS;PRHQ.PTH DCS:PLTN)
Ny NgTaN PETHE9,9),C(8,9),.CINVIS, 9).?(9 9)R(9,9)
NIMExgINN 7¢(9,9),FMASS(9,6).0CS5(2)
FORTVALFNCF(P(L,1),FMAGSLL,1)),
LAY DHMAT(Y?2,X3,Y3,C0)

CAll MINV(C,CINV,9)

CRIY DINMTIM(Y2.X3,Y3,;PPHG,PTH,P)
fall MATHMPY(P,CINV.R, 9$

nn 1N 122,49

N=T-1

no o1r g=:,N

Z21=0qNVIT, )

I172=CINV(L, 1)

Civvit,N\=77?

CIMye g, 1Y=72/1

COMNTINUR

CAS 1 MATUPY(CINV,R,FMASS,9)
PG 400 [=1,9

nn 40g a=1,9

H'..'):ﬂ.

1{1,1)=1t.

1(4,2)=1.

T(7,7)=1.

T(2,2)=NrG{?)

T3, H)y=n115(2)

T(5,R)=NS(2)

T(4,F)=N0CS(2)

TR, YIRS (?)

T(2,9)=prS{2)

T(?,3)=«001S(1)

1{(R,,)==NS5(1)

T(R,0)=<0CS(1)

TC7,2)=hrS(1)

T(r,B)=NSCL)

T(e,R)=N"S(1)

CAlL MATHPY(FMASS,T,C,9)
T{(”?,3)=Nrs(1)

1(5,A)=NCS(1)

T(R,0)=N"S(1)

T(,?2)==-RCS(1)

T(n,R)==1CS(1)

T(r,A)==NES (1)

CAVL MATHMPY(T,C,PLTM,9)
RFTURN

FND

(RET,1 ), T0E, 1))

.-t

FNRTRAN NFCK

CRINMIM

r
r‘

r

THIS SURPOUTINFE DETERMINES THF JNURLF INTEGRAL MATRIX FOR
THE TRYAMGHI AR PLATF M MATRIX - PRZEMIENIECKI, PAGF 304
Y2.X3,¥8 = CO0RNS, OF PLATF COR ERS IN LNOCAL CNORNINATFS
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PRV = DFNSITY _

PTH = PLATF THICKNFSS

P = PONRIFE INTFRRAL MATRIX
SHRRANTLHE NINMTHCY?, X3, Y3, PREG,PTH ) °
niRyegin: 2(9,9)

P, 1)L INT(Y?,X3,Y3.0,0)

PL, 9)=hULINT(Y2,X%.Y3,5,68)
p("o?)=DPL'NTA(Y2'X3113520ﬂ)

F{*,1)=n1} INT(Y?.XLYS,Q,I)

P, 2)=nRLINT(Y2,X3,¥3,1,1)

P(,{,:"):[)P‘ INT(Y?9X3.\'5.ﬂ,2)
P(A,132pP(2,2) _

D A,2)=nR THT(Y?,%3,¥3,3,0)

PC*,3)Y=nPY lHV(Y?.XS.YL?;‘U

PLA, A =0PLIRT(Y?,X3,¥3,4,0)
Pit,1)=P(3,2)

P(*,2)=P14,3) )
"(‘o3)=m'i.!uT(Y?,X3.Y~3.1,?)

£ ;4)=D!’LINT(Y?,X3.75.3,1!

Py, 8= INT(Y?,X3,Y3,2,2)
£{r,1)=2pP13,3)

Pl ,2)=2Pi5,3) .

Plr,3)=00 TNTLY?,%3,Y3.0,3)
PUE,EY=Pih,6)

PLA ) sDELINTIY?,X3,Y8.1,3)
Ple,p)=nnLINTLY2,X3,Y3,0,4)
F(7,1)=p(4,9)

P(7.,2)=P(4,4)

F(7,)=p1H,4) .

F(7,4)y=nf INTCYZ,X3,Y3,%,0)
PO7,5)=RILINT(Y?2,.X3,¥3,4,1}

PCP AY=PT INTLY?,X3,Y3,3,2)
P(vo"):npl.l"'T(Y?,XSvY3.6Q”)
PiR,1)=pPt5,3)+P(4,3)
P(P,2)=P(6h,4)e0(5,4)
P{R,3)=P(6§,5)1P(5,%5)
P(R,A)=P(7,A)+P(7,5)

PIR,LYI=NEL IMT(Y?,X3,Y3,2,3VeP(7,6)
FOR,A)=RRLINTIYZ2,X3,Y3,1,4)4DBLINTCY2,X3,Y3,2,3)
PP, 7)=NRLINT(Y?2,X3,Y3.4,2)¢08) INT(Y2,X3,Y3,5,1)
PP, EYZNRL INTIY?,X3,Y3,2,4)+0B1 INT(Y?,XS5.Y3,4,7)
1 12,80t} INT(Y9.X3:Y3.6.3)
9(01133’7‘6'3)

PIO,2)=P(6,5)

F(O,3)=P(6,h) _

F(O,4)=n1 INT(Y?,X3,Y3,2,3)

P(O,R)=Nt| INT(Y?2,X3,Y3.1,4)
FAD,A)=NLLINTIY?,Xx8,Y3,0,%)

F U, 7)=hRINT(Y?,%3,Y3,3,3)

PO, PY=DRL INTIY2, X3, VY3,1,6)eNRLINT(Y?,XS,Y3,2,4)
PO, a)=RL INT(Y?2,X3,Y%5,8,6)

an o1e 1=,Q

nn 10 =1,1

POY, 1)=P(Y, NePPHOPTH

na 2 1=2,9

N=le1

pny 20 4=1,N

Pl Y=, ))
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FARTRAM DECK

17ROV AN

23 %

2n

an

6N
1006

10

N=bu, OF NORMAI DlSPLArE#EﬁJ§1
¥=HD, OF ROTATIGNAL  DLOGF.

KTPE CONTATHS M11 MATRIX v

VIPF CANTAINS H12 MATRIX
ITPE SCRATCH TAPE
KTOL COANTATINS K19lK2?0ﬁ(01)

REPUCED HASS MATRIX IS STORER O ‘ ,
SUNPEITINE 7ROMAMCA,B, 05D, N, n.xiaz.rT?E.!iPF.KTPF)

PIMERSTOr ALTIR(13,0(19,0(1)

. .
.
0,\4- 2

2i97 i

1’6'!41 H

TR

AOURLE PRPECTSINK SHNY . SUN2,BP1, E2,DPT

ANHAGCZN

RFWIMD MIPF

EFUiIMD 11PF

RFVINR NTPE

REVIMN KTPE

NMAX=N® (Me1)/?

nn fn kKk={,HN

READIKTPr) (R(1),i=1,H8Y
1CMNT=0

nn 198 1K=1.M

Ji=ik

JK=|¥

PO 20 = 1J, ¥

TOMI=IONT +4

TED=ACICNT)

NRENRES |

JA=M :
LS P
8a S0 g=1,040

IFCLI,FD.0) 60 To 30
CCAIY=A(TIN)

JAzJA=-1

IN=-1P+dA

COMTINUP

SHMY=n, (%’
0 60 =1t ,M “ t
LA I A B B ST S S T
PP2=r(4Y b i Lttt iy,
SUMT = GHML + NP1 e NP?

TS ECIIS!

COMTINUTE

WRITFCTTPEY (n(0), 021, %)
LR R R I

KEUINMD [ TPF .

REMINMD MTPF

RFWINMD NTPF

REUIND KYPE. R

RFADINTPI ) (A(l) J 1, NMAX)Y

nn &0 K¥=1,N

REALIMIPT ) (R(J),J=1,M)

READCTITPI)Y) (D(I),d=1,M1)

nn 70 Ka=1.4

READCKTIPI ) (CL.D), =1,M)

sun1:o,nn

SHmM2=n,nee

pn AN kp=g1,M

NP1=n(KRY

NP2=n(KR) o
-72-
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roan

NPI=F(XR)
GiMy = 9nn1+np1unws
an QIIN? Sim?l»hl’?aﬂl’S o
. C’ﬁ Q“ki . ] PR | )f 4¢,<\_f < N
cgo un? Ty T coogET e
IF (KL BF.KK) MMz t?oxJ0tKK-isbl?éﬂnAQS-KK))li
TFAF. A KXY ACNHY= A(ﬂﬂﬂesﬂjéﬁn .
15 (k) FKK) MM= (2'8x¢tKJ-1)e(?-uHASQ-KJ))lz
IFEE I F.EK) A(PHYZR(MH)eSMY.
70 COMEIRUFE
REVIND KIPF
60 COMIINUT

REUYIND NTPF
REWIND MIPF
REVIMD TTPRF
RFUIMD KEIPE
WRITF(ITPEY (ACT), 1=9,uMAX)
REWIMD TTPF

. RETUEN

END
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& FNRIRAN DECK S eay . g
CRIGY AT S e 4eagy
€ FREGLANTHORS M.FISOM AND R, E FUNDERSIC CENTRAL DATA PROCFSS!&F‘,JI
SUPRAUT I MF R!hMAT(A VAFU; VALL, UPPERD,DIAR, Vo T, INTERINN,N s;ogyy
1VTAPEF) P NG PAMI AR TR v A e e
RIMENSIAN ACT ), VA&U(1) VAL!(l)»PﬁPFRﬂ(w) DlAQ(ﬁJ.%(l).tﬁNN 3)
1!"1}'"(1) “"A"t\)'l*v“""? PR e ooy € [
REHIND MTAPF TR ‘ '
R7 =0
N=tHpM 5
IFINJLF.2I0RN TN 49
APT=Me §
NMIshad .
NM?=-he?
AT P1=Ne"+1
1X=0 NG
o 10 J=1,NM2
CInMA2=gR,
1P1=14+1
a1 Js=I1Pt,H
IBEAREN
1 Sirmas: Q‘GHA?*A(IJ)QO?
SInMP=QART(SINMAD)
Ti=1Y+1]
NTAGETY=ACTT)
1121=1¥%+ 141
UPPIPR(])==STION(STAMALACTIPY))
TC1,2)=ST3MA?
IFIARS(SIGMA) JRT ARSCACTIRT))IGH TO 27
1PPERDNCII=ACTIPY)
ACtLiPLy=n,
6N T 16
3 A(TIP{)=CORT(1.+ARS(ACTIPL1))/S] M4)
SUTGAM==-STAN(STOMA®ACLIPL) , UPPERNC(T))
I1P?2=14+2
P 3 d=1P2,N
Fa=1iYed
T ACTYY=A(T Y /SUTRAM
AK1=1a(2:N=]=1)/?
JX=Jxq
T1v=.K1
PO H J=101, M
VAL ()=,
JE=JK1+)
nn 4 K=1rP1,.
TK-1YeK
VAL C.Y=YALL (Y +ACIKRY*ACTK)
4 K~k eN=-= )
IFLIEN,MBO TO 6
CAlL |.ﬂn"1(.|*?o"P1pVAl|(J)iﬂ‘JX)pA(lX))
6 JX=0XeMNa)
A DFICAM=0,
Do 7 J=1Pi,N
INERR £
7 nEIRAH=nFLnAM+A(IJ)uVA|l(J)
NRN2=,5«PEL RAM
Nk J=IP1,N
TJ=1¥+])
R OTC,1)=VALL( D-NR02+AC1J) .
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R1GHO

RIGMN
RIGHD

BIGMN:
RIGMIN
BIGMM
PISMM
BI1GMN:
BIGMAI
BIGMDI
BIGMM
RIGMO!I
RIGMM
BIGMNI
RIGMII
BIBMMY
BIGMOI
RIGMNI
BIRMOI

BIGMNI
BIGNNI
BIGMMI
BIGMMH
BIGMD
RIGHN
RIGMN
BIGHN
BIGMN
RIGHN
BIGMO.
BIGMD
RIGMD
RIGMO

B1GMO
BIGMA
BIGMN

RIGMN
BIGMN

BIGMP
BIGHD
BIGMN
BIGMD

8IGMN
RIBMO
RIGMD

CTTomT EEl

,__,.._.

Py

1)
'E

o
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10

iR

12

17

14

15

1¢

17

1A
19

rdl!
?1

27
27

24

25
26

ny oo 11=1pP1,N
IERESRZRN

CALL LOOP2CACTIX),ACIXY, T(NZ, 1), T¢I, 38, A0 80, 0143,0PY)

1Yz 144Nt

TX=1YeNe T

VzNu(MNet)Y/?
LPPEPN(NME ) =A(M-1)
T(NMY,2)=UPPFRN(NNT Yo &2
NIAGBINMII=A(Ma?)
NIAGINY=A(M)

FHOPM=AMAXT (ARSINTARY+ABS(UPPERI Y, ABS(DIAGI(N) }+ARS(UPPERDINML)))

Ny 311 1=, NMi

ENPIMP=AGSINTAG(T))+ARS(UPPERD(TYY+ARSCUPPERBIT-1))

FF(EMRTIME (AT LENORMIFENORMSENRTMP
ne o192 Izt ,NFLG

VAL U1 Y=E NORM

VAL (1) =-ENORM

N 24 Y=t ,METG

RANT= Ra (VAL H{TYeVAIL(T))

IFeRNOT FOVALI (1) .O0R.RODT.FB.VALHC(TI)IBO TO 24

NARPERE=R
PM2=n,

PMI=t,

non 2t g=1,N

TFCPM2 MR, 0,60 TO 18
pPMI=SIAM(Ll,,PM1)

o in 17

ITCPEML NP, 0N) O TN 127
p=*h,“~('-npn?)

FMO=0,

IF(T(.I-'-L?)) 1“314'18
P=NFAG(.N=RANI=T(J=1,2)18PM2/PNMI
PMo=1,

1FIPY21,19,20

Py =M

IF(PM2Y21,20.,20
NAUGRFEZNARPEFE+

PMi =P

nn 2% g=1,NFIn
TFCALLFE.MAQRFEIGNA TN 22
Irevab i D) F.RO00TIGN TO 13
VALLIC))Y=P00T

Gn 70 23

VALL ( 1y=000T

COMTINNE

f0 In 13

COMTINUE

1FINVER 10,080 TO 49
FRYLN=FMNORME®] .+ =8
COsPL1=00MP) (1)

0N 4R 1=1,HVEQ

no 25 st ,N

Vi)=t,
T(L,2)=n1A0C))-VALII(])
TFCa. N, NIGH 10 26

TCL &)=uPPERN(.)
TCH1,1)=0UPPFRIC)
T(“,3)=h,

ne 29 J=1,4
TECAPSITCY. 21l Tl F=17)T(J,2)zFPSLON
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R1GKD
P 1GHY

RIGHD
RIGMN
BIGMN
RIGHN

RiGMA
BigaMO
RIGHMN
BIGHN:
BIGHR
BIGHMD:
RIGMN
BIGHM
RIGMNI
RIGMN:
BIGHM
BIGMDN:
RIGMN:
RIGMN
BIGMN
RIGM
RIGMA
BIaMn
BIGMO

#IGHN
BiGMP

RIGMD
RIGMA
BIGMN
BIGHO
BIGMN
BIGMN
BIGMN
RIGHA
BIGHMN
BIGHN
BIGMD
BIGHMO
BIGMY
RIGHMN
RIGMO

BIGHD
BIGMO

BIGMO
B1GMD
BIGMN
Bi1GMn
RiGMD
Ri1GHN
RIGHN
BiGMn
BIGMN,
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727
7R

79
3n
31

32
33

34

34

36

37

4R
49

1C8,1)=704,2)

T 2)=T(4R) . .
1(1,3)=n, ’
IFCI.ERLNIGD 10 30
N ER(.I)=0

JP1=121
TFOAPS(TIUPT. 1)) LFLABS(TY{.S,1))160 T 28
INTEP() =

BN 27 Kk=1,3

TEMP L Ko, C o she
TCLKY=TL P K) o
TCH1,H): TEMP ..
THOLTP=TOJP1, 1Y /T(0,4)

VALE CDY=CROINTFROJ), ANDCTMUL TP, rONPLE))
TCAPL,2)=T(UPT . 2)=-THULTPST(J,2}

T{ titg ;1)-‘[{.'9’ o3)°TN"LfPQT(J33)

1IRP=1

nn 32 a=1,N

{=het o) .

Tag e R t-;j,?-{r~":

&

VO E (VLT =Tl o 2)eV(L+1)aTCl,33ev(l +2))/T(L,1)

yNMpM=Q,

R 3% 1 =1,N )

VNI RPMZUNORMAV (] Yus?
UNARPzQORT{YNORY)

no A =t ,N

V)=V /YNNRM
TFCIYER.i N, 206N TO 3K

17rp=-2

PN 38 § =, M

| M1 =] -1

TRY= VAL (LHD)

TFCAY PITRY 1), FR,. D) 6 TO 35
VIFMPE=V (] M1)

VO M1Y=vIL)

V(1 Y=VTFHP
V)=V =VALL (LML) eV (1 MY}

6N 10 31
IF(VMARM,. FNL DYV (T ) =Y.
TIY=(MaN-N~R)/?

PN 37 KK<1,NM?

JIP1=N=KK

. Tv=n,

CALL 100 JCUTVLACTTX)Y, W(N2),1]IP1¢1,NPY)
CALE 100PACACTTIX), VINZY,NPTL,TIP1+1,UTV)
[I¥=1X+1][P)~N=2

WRITF(MTAPEY (VCUICK), 1 H=L )
COM[INUE

RETHON

END

LA AL, B Y
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RIBHO
RIGMD

BiRMN

RIGHN
BIGHO
BIGNN
810M0
BIGHN

BIGHD-

BIGMD
BIGHN
BIGHN
B1GHN

RIGHMO
BIGHO
B1GMO
RIGMD
Binun
RIGMI
RIGMN

BiGMN:

HIGHO

BIGMN-
RIGHN"
RIGHD:
BioMn-
RIGMDN:
RIGHO:
BIGHG"

BIGMN-
BIGHO-

RIGHN

BIGMD
BIGKN
BIGHD
BIOHN
BIGMN
RIGMO

RIGMN-
BIGMN:

RIGNMN
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Rt

By o e

%

£y ened
t

q

cyeor?
¢}

§

r{cong
3

q

cLenea
A

L%

OTRANS

e

"

¢

¢

FORTRAMN DFEK

SURRAHTIMNE F0OPT L JP2,NPL,SBANPI,AJX,AIX)
NIYERGTOM AJXCTY, A1X{%)}
NN 1 L=)72,NP1
SRAMP J=SOANP J+AJX () YA TX{LY
REHHON
FHn
FOFIRAN DFCK

Sy TIME lOilPZ(AIiX.U);.S.Sl.a.llI.IP‘!.NPI)
DIMENGIOM ATTIX(E),AIXT1),5¢(%)

nno?2 )a=ipP1, NP1
ATEXCEDY=ATIX(JS)=AT T T eS(HJ)=STaALIX{JU)
REUIIRYN

FEND

FORPIRAN RFrK

SHRRFYTINE 1 00PI3(UTV,ATIX, YV, LIP2,NP1)
NIMENGIAR ATIXCT), V(1)
P gz11P2,NPY
PIUZHTVeA TIX (S Y (L)
RETURY
FAR
FOPTRAN NECK

SHRRCUTIME | ROPACAVIX,YLNPL, IR, UTV)
PIMERSINY ATTIX(1),V(Y)
nNO 4 K=11p2_Hp3
VK)Y 2y (kV=ATTX(KYRUTY
RFEThEN
FND
FNPIRAN DFCK
TRANSFORMATION DIRECTION rOSINFS
¥X1.Y1 = O0RNS. DF POINY |
X2.Y2 = roORNS. OF POINT 2
FI = NISTANCF RETWFFN POINTS 1 AND 2

I6S = DIPFFITON COSINES OF VECTIR FROM POINT 1

SHRPPAYTIHE TRANS(X1,X2 Y1,Y2,Fi,NCS)
NIMErSTA DRS(?)

PCSC1)Y=(Y2-X1)VY/F

neee2)=(y2-y1)/F)

RETHPYN

FEND

-7

tN POINT 2

BIGME
RIGMD
BIgMP
g1GNKN
RIGHN

RIGMD
RiGHD
RIGMN
RIGHMN
RIGMN

BiIGeMO

HIGHMN
BIGMA
RIGMD

RIGHI

RIGMO
BIGMD
BIGHN
BIGMN
RIGMD
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FORTRAN DFCK

YMIMNY : 4 . .
A IS THI UPPFR TRIANGIE OF THE SYMMETIRIC MAYRIXY TO RF INVERTEL, SYNV
FIIMENTS ARF STORFR ROWUMNISE, Symy
N - ORDPEP NF MATRIX ) . . SYHV
PRNCRAM ITNVFRIS IN PLACE, SYRY
SHRPAYTIIE SYMINVIA,H) SYNV
nIvMENSINe A(T) Syuy

CALL Feiogk(iie)
NMAY-Na{1'¢+33Y/2 -
JFCAC1Y, 1 To0.0)Y 60 10 25
rn I8 99
2 11-1
Ve WRVIE (A, 7311
27 FOPMAT(1HL,5X,36HA NFGLTIVF VALIE APPFARS IN FI EMENT s 15, 1%,
12610F YFCTOR 10 RE TNVERYTEN,/8X,68HSIACE ELEMENT FALLS ON DIAGONAL
2, MAIRIY 16 NOT POSITIvVE DEFINVIE,//76X%,3aHPROGRAM ENDED AND JNB DE
JETEN,) 3
PN 4% J1z1,N )
NG~ (22T+( =1 ulPeN~T1)}7/2
M - {(2xNst[~1)3(2aN=1))/2
WRITI (A,2BY1, (ACD), JaNe,NE)
PO FOPPALC/THROW, TAZ(9F14.5))
4% raMtINaf

CAEL FYUT
96 COMY Ty Y -
AUYI=SORT(ACT)) SYHY
no 108 fi1=2,N SYMyY
tan AQIT V=AY /Z7A¢T) SYMV
AV )=1,07A(1) SYMV
1M1 =1 . SYMY
T.-N SYMV
nn 1ran 1=2,N ) . SYMY
T1=1 141 SYMV
PI-11 SYMy
I Y O I . SYMY
IMTz -] SYMY
=1 SYMV
1= SYMV
nno12a -1, 1M SYMV
ACT DY zACT )=-AC) DY»A(L Y SYMV
| =l 1eN=I SYMV
129 | I=] 1+ M1 SYMY
209 10-10.0+1 SYMY
CIFCACTTYLITL0,.0) 60 YO 26
A(TIV=0LT(aCI 1)) ] SYMV -
1= SYMV .
S SYMy
N 6508 I:1, 1M SYMV
ACHIY=A( rYyeACHDDY SYMY ¢
TFO0=-1M1V300,420,4210 SYMY |
300 JP1=0et SYMY .
Ji = SYMY
Li-.1 SYMyY
fN 400 §-gpt. I MY SYMV
JUTal 4 SYMV
L 1=1 TeN=1 +1 ' SYMY
40N A HIY=ACODY+ACH YA DD SYMVY
420 A( V[ Y=2=ACQ1)/AC1T) SYMY
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3.0 COMSYN ~ COMPONENT MODE SYRTHESIS FROGRAM

3.1 Introduction

The component mode synthesis technique provides the structural engineer
with 2 valuable analytical tool for obtaining the dynamic response of large
complex structures. The basic approach requires that the structure be divided
into a number of smaller interconnected components each of which can be
analyzed using a small number of degress of freedom. The total system
response is then obtained by coupling the component mcdal data. The priacipal
advantage of the approach is that the order of the final system of equations
to be solved is substantislly smeller than the total number of degrees of
freedom of the system. The order of the final system matrix depends on the
number of component modes selected, and the number of common joints.

The program presented here is orientsated for use in flutter analyses.
As such, only plansr structures may be analyzed, Comnsequently, only three
degrees of freedom are used if the analysis; they are the translation normal
tc the plane of the structure and tha two rotations in the plane of the struc-
ture. The program yields the natural vibration modes and frequencies for the
composite structure, and generalized mass values for each mode. In addition,
there is an option to calculate generalized serodynamic forces when AICs are
entered into the program. Note: When the generalized aerodynamic forces
calculated by COMSYN are used in a flutter analysis, it is necessary to use
the mode shapes and generalized masses calculated by COMSYN in order that the
magnitude of all the parameters be consistent. '

3.2~ Theoretical Dérivation T
Assume that the structure under consideration is subdivided into

interconnecting components as/jﬁggn_hglgz;\
N,\
(Body &) ™~ o

)

Junction J .
3

AN

Junction J

} ~- 3 /'
j - / - S
¥ T ey A .
- Junction J 4/ \
1 i! ‘ Junction Jl
!
/] . |
S (Body 2)
Region F "
\n
N
Junction J .
. 2 .
o Vo
(Body 3) ~
Juaction J2
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Each component may be attached to cne or more components by junction nodes.
Junction ncdes {common joints) are structural points that exist on two or
more componente, The components may also contein physically restrained

nodes (boundary attach points), and nodes that are free to move. It is noted,
that when dividing a structure into coisponents, common joints cannot be
boundary attach points,

The basic approach to the solution is &8s follows:

1,

2.

3.

4.

5.

7.

8.,

9.

10.

Steps 1 through 3 are performed by the program FLUENC-100C,

The structure is divided into components,

The stiffness and mass matrices are derived for each component
with the common joints restrained; also a vibration analysis is
performed for this conditien,

The stiffness and mass matrices are derived for each component with
the common joints free.

The absolute displacements of each compouent is expanded in terms
of the fixed modes, and the rigid body and constraint modes., The
fixed modes are calculated in Step 2 above., The rigid body and
constraint modes are derived from information calculated in Step 3
above, These modes are defined as the displacements, X,, in
Region F, due to motion of the junction displacements, = X.'s,
individually, when no external forces are applied in Region F,

Using Step 4 a transformation is established that takes the com-
ponent from physical ccordinates (absolute displacements) to the
system component mode coordinstes (the generalized coordinates
and junction displacements).

The transformation matrix derived in Step 5 is used to transform
the component stiffness and mass matrices to the system component
mode coordinates,

The dynamical matrix for the entire structure in system component
mode coordinates is assembled by combining the component stiffness
and mass matrices of Step 6,

A vibration analysis is performed for the entire structure in
system component mode coordinates,

The system component modes are transformed to the absolute dis-
placements which are the mode.shapes for the entire structure,

Using the mode shapes the generalized mass and generalized aerody-
namic forces are calculated,

are performed by the program COMSYN.
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The equilibrium equation for a typical component can be written in
the form. .l o .

Pe) <i¥ep - ¥pg Xpe ] - 'xx(}T

H P

P l¥p Ky Kpl 7 {%s -
0§ [Rer ¥or %oo \®

where the matrices have been pattitioned 'such that PF and Xf refer to the
forcestaﬁd-diéplgcémenFs in region F, Pj and XJ refer to the forces and dis-
placements of the nodes in junctions J, and 6 refers to the rotations in
region F, If the common joint normal displacements are restrained, the

above matrix equation can be written as

e\ rX%er %po | Friq X
0 ¢ *[Ksp Xgo Koz |~ ° @)
P K. K K, _' 0

J JF Jo Iy

which is equivalent to the partitidﬁed matzix eﬁuation

Pey |%r  Kpo Xe
= _ (3a)
0 Koe Koo e
and
{PJ} = [KJF Kso ] Xp (3b)
o

-82-

GG o R %

o

) .

e

LT O

“e—

e A WRE



AR ABO S 14 TA S AR EIRTIO RPN

e B G

A o

f

sy Ny

| pa

SEE TNE N ey RSy

The second row of Eq (3a) can be written as

?

0= KGF XF + Kgg 6
1 .- (4)
or 8= -Kog  Kop Xp
Substituting back into the first row of ﬁq (2) yields
P, = Ik, - K.Kob K (s)
F FF Fo oF X
The reduced component stiffness matrix with joint nocdes restrained
is
_ -1
[K] R - [KFF - Kpo ¥oo Kor} (6)
The component consistent mass matrix can be written as
Yer  Mes o Mre
.MJF MJJ MJO &
[Mor Mo Moo
If the common joint normal displacements are restrained, Eq (7)
becomes .
e Mpo .
®
Mor Moo

Using Eq (4) we can write

{:F} I 'iKF %ng @

9 8
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and the reduced mass matrix becomes I '

e I

T <
e = [ My Mg 2] . o
1 :
where lRll o -xaebl ., ()

In order to perform & component mcde synthesis analysis, it is necessary
to expand the absolute displacements of each component in terms of the fixed
modes and the rigid body and constraint modes, The f£ixed modes, X , are

‘

given in the ferm

%l = bllel a2

where Iql are generalized coordinates snd the modes [¢ , stored columnwise
in the modal matrix {¢] satisfy the following equations of motion

[{als] - o [ I#] = Il

Equation (13) gives the modes of the component with the junction nodes
fixed,

The rigid body and constraint modes are determined simultaneously
from Eq (3) by defining these modes as the displacements in region F, XF,
due to the motion of the junction displacements, XJ, when no external
forces are applied in region F, This condition is reprecented by the

equations

P.3y=1K K K (14)

J JF JJ Jo

°J Kor Yo oo

0 Xr Xps Kpo Xp
X

3
0
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where XJ are the junction dispiaccﬁénts including the rational degrees
of freedom., The third equation of matrix Eq {13) yields

[xe? xm] :F "'[Kea} !P) - loi
! (15)
a7 Xec

-1
or 8 = ’[“ea lx K .

Substituting into the first two equations of Eq (14) yields

- -1 : -1 u
0 (Kpp - Xpo Koo ¥op) (Kpy - Kpg Koo ~ Koy X
P .. -K x'lx) (K.. -K x'lx) iLx
J L Yor 7 Toe "ee Ter 337 730 "o ey’ | 3

ot 0 Kep  %ps | X

P Kyp Ky X

(16)

F = Xer - Xpe Koo o Kep

where iF
Keg = Ky - Kgg Kgg  Kog an
Ky
Ky

r = Kip Ko Koo Kgp

J 13 " %50 Koo Kos

i} = displacements in region F due toc wmotion of joint
displacements
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The first equation ?!f Eq (16) yields
(Fel {%f + [t %] =

o ARL ] L] o

“e

- o
X! = o
or % XFi [T] %XJ 2 . (18) ‘
* % i g
where ' is |
(] = - fta] ™ [ |
- { FE KFJ i
i
The absolute displacements of each component may be written in the .
form - H :
b o- Rl R f
& AN
or )

Xg ¢ T R |
- . (20) ;
X 0 1 X ;

Let
[B ] ) (21)

which is the transformation matrix which takes the component from physical
coordinates (absclute displacements) to system compcnent mode coordinates
(generalized coordinates and junction disp}acements). The transformation
matrix is exact if the modal matrix [ ¢] is complete; however, for a com-
ponent mode synthesis analysis the modal matrix is truncated to reduce the
number of degrees of freedom. To this extent the [ai matrix is approximate,
The{ﬁ]matrix is now used to obtain the transformed stiffness in the

following manner

]
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iG] - [8l° [xc]. [s] - (22)
where {KFF EFJ ]
[KC i E&F i&J

The mass matrix for a typical component is given by Eq (7). Likewise,

using the transformation matrix
= I
&, (23)
-1 [ ]
[‘ 99] Kor Koz

The rotational degrees of freedom can be eliminated in the free

region

- a—

Mer Mpr Mo

: T
[Mc] = [R?J Mip M35 My [sz (24)

| "or Mos Moo |
Mep  Mpy
M] s 3
[C =|Mr My
L.

The[é]matrix can again be used to obtain the transformed mass matrix

- - T
RNCRNAIE
Combining the system component stiffness matrix (Eq 22) and system

component mass matrix (Eq 25) for all the components, one finally forms an

overall stiffness and mass matrix

«

o b 1

|
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where q - component modes
QG - junction normal displacements
GJ - junction rotations

The system stiffnes3 and mass matrices cen be reduced by eliminating
the joint rotational degrees of freedom. This can be done by using the

transformation matrix

,: k
H i [Ke?]-l [Keq Ke.r]

in the following way
3 I P L P I (28)
] 3 S 3

- -..T C )
M;} = R3 Mg [R3] (29)

and the frequencies and mode shapes [y of the entire structural system is
X x| = w? |u.] I
S % S s S s
< q
R 1 5
; Ss J

n

given by

where

The deflections in each component can be calculated by using ixsl in conjunction

with Eq (12) for each component.
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Generalized Mass and Aerodynamic Forces

The generalized mass matrix fs formed 'by utilizing the system modal
matrix |[¥| , which is composed of the system modsl shapes {Xs} stored column-

wise, as a transformation matrix. This can be written in matrix form as

- ER

The aerodynemic forces are computed from the AIC matrix, For the uncoupled

follows

aero case the AIC matrix is in the form

". ’ j
[ch] - e, 0 (31)
IS ST
Ch
’- 2_. -‘
Phg .
0 v
L. "

where the diagonal terms are the AIC matrices for each component. The displace-
ments {XF} must be computed for each component by using Eq (19) and the system

modal matrix I?]. The modal matrix |¥| was reduced by eliminating any

unneccessary degrees of freedom when X, was determined for an individual

F
component., The[?F] for a particular component is computed from

(N B e

where [q is the upper partition of the reduced modal matrix and[?s]
is the  junction displacement (translations and rotations) matrix for

component i. Once [XF] is known for a particular component the equation

Joo = 2 [o] [a] [, e

yields the aerodynamic forces for N components. If the AIC matrix is coupled
between components a and b, then

r- ol
Cq ¢

" aa ab
l.ch l - (34)
sb

ba bb
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then for & two component system the generalized forces are computed from the

matrix equation

ko = 0] " [8] [%]
IS VRV
BB BB

The final aerodynamic force matrix is obtained by adding {é] uncoupled and
[é ] coupled

36
[Q] = [Q];ncoupled + [Q]coupled (36)

components components

The aerodynamic generalized forces as calculated have not been multiplied
by any nondimensionalizing factors used in calculating[?h].

3.3 Program Description

Pr—

The computer program COMSYN written in Fortran IV performs a vibration
analysis for a planar structural system using the component mode synthesis
technique, A complex structure can be divided into as many as five components;
each component may have as many as 12 common joints. The order of the system
eigenvaluve solution is determined by the number of components times the number of
component modes plus the number of unique common joints times three., Common

joints may exist in two or more components; however, they are counted once
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in determining the order of the system eigenvalue solution. The input
requirements of COMSYN are a modal representation of each component and related
data concerning the junction points (common joints). This input data is
available as punched output from the FLUENC-100C program,

The program as such is oriented to facilitate flutter analyses by the
normal mode (modal) method. A modal flutter analysis requires the vibration
frequencies, the generalized masses, and the generalized aerodynamic forces.
The vibration frequencies and generalized masses are the normal output of
a component mode synthesis vibration analysis. A subroutine was added to the
program to calculate generalized aerodynamic forces when sercdynamic influence
coefficients are supplied. The aerodynamic influence coefficients may be
uncoupled for each component or any two of the five components may be coupled.
The only restriction being that the two coupled components must be entered

serially as input data.

3.3.1 Processing Information

A. Operation -- Standard FORTRAN 1V processor system.
Operable on the GE635 computer.

B. Core Storage -- The program COMSY requires a minimum
of 65,000 memory units for execution.

C. Tape Units -- Standard input, output, and punch tape
units, and 11 scratch tape units.

3.4 Input Instructions
1, Title Cards, Format (12A6) Two cards required.

Column |1 = v = = = = « = « 72

Name Any Alphanumeric Statement ]

Column |1l « « = =« » - . - - 72

Name Any Alphanumeric Statement |
-91-
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2,

Contrel Card, Pormat (615) NCOUP = NAT = RV = 0 for
vibration analysis only,

Column
Name

NCOMP
MODE
NCOM

NCOuP

NAT

NOIE:

11-15 | 16-20
o | NCOoY

25-30
‘iu F

i-5
“NCORF

6-10 21-25

VAT

Number of components used in the analysis £ 5,

= HNumber of Modes requested for total system <9,

= Number of rows in the metrix that relates the

commen joints between two components {See instruction
Mo, 6 )< 48,

0, no serodynamic coupling exists between components,

= The lowest muwmber of the two components which are
aerodynamicslly coupled {coupled components must be
in sequence).

= ], AICs are entorad as non-zerc partitions (strip or
piston theories),

= 2 AICs are full matrices (kernel function or Mach box)

= Number of reduced velocities (1/k's)

When NAT=1 then it is required that NCOUP=0; and
when NAT=2 then it is required that NCOUP 20< 5

Information Card, Format (915)

Colum[ —1-5 J6-10 _Ji1-15 | |
NREDU(T) [NREDU (ZINREDU(3) | REDU(Y) |
NREDU(1) = Number of translational degrees of freedom

for component "i" when the common joints are

restrained,

Information Card, Format (915) '

Column 1=5 6-10 11-15
Name NMCODE(1i) | NMODE(2) | NMODE(3) NMODE (i)
NMODE(i) = Number of modes for component "i" used in the

analysis,

«92a
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5. Information Card, Format (915)

Column 1-5 6-10 11-15 | :
Name NCIT(1) § NCIT(2) § NCJIT(3){, NCIT(1)
NCJT(i} = Number of common joints for component "i" uged

in the analysis < 12,

6., Information Card, Format (36I2) enter data continuously
used as many cards as required, This card/series of cards
describes a correlation matrix that relates the common joints
of each component to the overall structure, Four numbers

describe each row of the matrix as follows:

Common Joint No. of Component No. 1is the same as Common Joint No. of Component No.

1st No. 2nd MNo. 3rd No. 4th No,

EXAMPLE: 1If the third junction point of Component 1 is common to the fifth

junction point of Component 2, then the set of four numbers are:

Column 17 2 "3 4 5! 6 7
5

Ny

adn Ja

Restrictions

1. Correlation must always be made to a lower numbered component;i.e., in

each set, the 2nd number must always be smaller than the 4th number.

2, If a joint is common to more than two components, all possible
correlations must be made to the lowest numbered component in which
it appears. Additioral correlations may be made to higher num-

bered components but are unnecessary.

7.  Information Card, Format (6E12.8). If NV = O omit this card/s.

¢
1

Column 1-12 13-24 25-36
[4
Name VEL(1) |[VEL(2) [ VEL(3) " [VEL (V)
{
VEL(1) = Reduced velocity series, {1 = 1, NV

o N

NV £ 20 (continue on next card if necessary)
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The following input is aveilable as punched output from the program
FLUENC or can be derived from any other structural analysis com-

puter program. The output from FLUENC is punched in Format (1P6E12.5),
but any card than can be read in Format (6E12.8) can be used, All
date is presented as full matrices, and each row begins on a new

card,

The data is stacked in the following order by compomnent:

1. Mode Shapes

2. Frequencies, Hz

3, CKFF - Stiffness Matrix

4, CKFJ

5. CKJJ

6. Flexibility Matrix

7. Weight Matrix

8. CMFJ

9. CMIJ
When generalized aerodynamic forces are desired, NV>O0, aesrodynamic
influence coefficients, AICs, are required input. The AIC matrix
or partition is entered by row; each row begins on a new card.
Format (6E12.8) is used,

When NAT = 1 the AICs are entered as non-zero partitions. The
punched output from the computer programs STRIP and PISTON (Vol.I)
are compatible input for this option, Repeat the following

information for each component,

9a, Control Card, Format (2I4)
Column| 1-4 5-8
Name INSIZE ! NPART

NSIZE = Size of complete AIC matrix for component "i"

NPART

Number of non~zero partitions for component "i" (nugber of strips)

Repeat the following instructions NPART times
9b. Control Card, Format (I4)

Column 1-4
Name NS

- - ——— Javanay

p——

abinranch

| R |

-

NS = Size of partition
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NOTE:

9¢c., Data Card Format (6E12.8) Start each row on a new card,

Column 1-12 13-24 25-36 | 37-48
Name ARel’1 Alml,l AR§l£3> AINL;Z

ARe ~ Real part of AIC
i,§

Alm - Imaginary part of AICi 3
y

Repeat data items %9a, 9b, and 9¢ for each l/k value.

When NAT = 2, the AICs are entered as full matrices for each
component. The punched output from the AIC computer programs
subsonic, sonic, and supersonic (Vol. III, Ref. 1) are
compatible input for this option. Stack the matrices for each
component sequentially as they are entered in Items &4 through 8.

Enter each matrix as follows:

9d. Data Card Format (6E12.5) Start each row on a ﬁew card,

Column 1-12 13-24 25-36 37-48

Name ARel,1 Alml,l ARel’z' Alml’2

ARe ~ Real part of AIC
i,

Alm ~ Imaginary part of AIC1 j
b

When two components are coupled, the coupled matrix is inserted
in its proper sequence in the stack of AIC matrices. The maximum

size for any AIC matrix is 40x80.
Repeat data item 9d for each 1l/k value.

For all input, reference to the common joints, free joints, and
components must be consistent between the structural analysis
program and the aerodynamic influence coefficient programs.

The sequence order of the above must be maintained when input into

COMSYN.
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3.5 DESCRIPTION OF PROGRAM OUTPUT

I. Printed Output
A. For each compcnent
1. All input data except flexibility matrix
2., Transformed stiffness and mass matrices (component mode

coordinateg - generaiized coordinates and junction displacements)

3. Normalized mode shapes (for orth-Hgonality)

4, Mass matrix for orthogonality check (diagonal elements = 1.0)

B. Results for the total system
1. Relative locations of the degrees of freedom of esch
component when combined to form the system matrix by the
NCODE METHOD.
2. Reduced stiffness and mass matrices (rotational degrees of
freedom eliminated)
3, Eigenvalues and eigenvectors
4. MNatural frequencies (CPS)
5. Mode shapes representing free joints on each component -
printed cclumnwise.
6. Generalized mass matrix
7. Generalized aerodynamic forces for each l/k if NV}’O.

II. Punched Output
A. Generalized mass matrix, GENM
B. Generalized aerodynamic force matrix for each 1/k, GENA

In both cases full matrices are punched out. Format (lP6E12,5) is used.
The cards, which are sequenced and indentified with the names given above,
are compatible with the input requirements for MOFA, the Modal Flutter

Analysis Program,

3.6 SAMPLE PROBLEM

The sample problem of Section 2.5 will be used to demonstrate COMSYM.
The structure is divided into three components, the fuselage, the wing, and
the control surface. There are three common joints: two attach the wing
to the fuselage and one attaches the control surface to the fuselage. The
punched output from FLUENC-100C is used as input to the program,
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3.7 PROCRAM LISTINGS

:COMSYN COHPONENT HONE SYNTHESIS >ROGRAM

FORTRAN DECK

NCOMP = NO, OF COMPONEMTS IN THF TOTAL SYSTEM (LINITED 7O 5),
HODE = NO. OF MODES DESIRED IM THE ANALYSIS OF THE TOTAL SYSTEH,
RCOM = NO. OF SETS OF nOMMON JOINTS AMOKRG .COMPONENTS IN SYSTEM,
NREDU = SIZE OF REDUCEN MASS AND STIFFNESS MATRICES - NUMBER OF
DEGREES OF FREEDOM IN THE ANALYSIS OF EACH COMPONENT,
NMODF = NO, OF MODES IN EIGENVAL-UE SOLUTIGN OF -EACH COMPONENT,
NCJT = NO, OF COMMON JOINTS ON EACH COMPONENT (LIMITED TO 12).
THF FOLLOWING INFORMATION 1S KEEDED IF THERE IS AERODYNAMIC INPUT.
NCOUP = 0 IF NO AERODYNAMIC COUPLING EXISTS BETWFEN THE COMPONENTS
NCOUP = THE LOMER NUMBERED OF THE TWO GOMPONENTS FOR WHICH THERE
1S AFRODYNAMIC COUPLING (COUPLE COMPONENTS MUST BE [N SEGUENCE)

NAT = AFRODYNAMIC THEORY USFD I¥ THE COMPONENT ANALYSIS
NAT = 1, AIC-S ARE FORMED BY NOL=-2ERG PARTITINNS (STRIP OR PISYON)
NAT = 2, AIC-S ARE FUL! MATRICE (KERNAL FUNCTION OR MACH BROX)

NY = NO. OF REDUCEN VELOCITIES CONSIDERED FOR THE AERODYNAMICS,

DIMENSION TITLE(24),NRFDU(S)I,NCJIT(5),KNONE(S),CKFF(97,97),
1CMFF(97,97),0K12(97,363,6M12(97,36),CK22(36,38),CM22(36,36),
2XMODE (97,9), XMOREN(97,0),T(07,363,XK{9,97),AMX(9,9),TTK1{36,36),
SXK(1035), TTHl(36n36)n¥"8(1035):¥1(9 97),PHT(9,36),PM12(9,36},
ATH(36,97),TMT(36,36), NCODE(R, 433, XKS (9186),XKS (9180),A (9180),
SRO0T(9), VALU(9), TEMP( 75),B( $7),3( 97),NUM3(135),F{135%,3),
61DUMAC 75),PKT(9,36),H2(9,9),CKFF1(97,973,0MT(36,36)
7:FPEO(9), ONF(9),BM(9,9),
BAP(4,8),A1C(40,80),XF(07,9),XFT(9,97),VEL{20)

INTERER COM(48,4)

EQUIVAIEMCE (CKFF¢1,1),CKFFI(1,1),CMFF(1,1)),¢0K12(1,1),CM12(1,1)}
1,(CK?22(1,1),TMP2(1,1)), (XHODE(1,1),XMODEN(L,1). XF(1.1)),
POTTKI(1,1),TTML(1,1)), (XKS(21), XMS(13, A1), AIC(1,1))
Jo(PKT{1,1),PMT(I,1)),(XKC(LYXMC(1D), (XMX(1,1),H?(1,1),6M{(1,1))

4, (XMI1,1),N1(1,1),XFT(1,2))
FORMAT-
1 FORMAT(LHO 25X,12A6/7/26X%,12A6//7/)
? FORMAT(915)
3 FOPMAT(1HL 42X,33HCOMPONENT MODr: SYNTHESYS ANAIYSIS//48X,11,22K CO
IMPANENTS CONSIDEREN//)
4 FOPMAT(1HO 46X,24HINPUT DATA FOR COMPCNENT,12///49X,12,19H DEGRFES
1 OF FRFENOM/50X, 11,60 MODES/49X,12,14H COMMON JCINTS//)
5 FORMAT(1HO 2X,11HMODE SHAPES//)
6 FORMAT{LHO 2X,4WV.ODE,12,14H ~ F EQUENCY = F12,3,4K CPS//{3X,
11PRF15.5))
7 FORMAT(///, 3X,90HUPPER TRIAMGLF OF RFDUCED STIFFNESS MATRIX FOR CO
1MPONENT (COMMON JOINTS RESTRAINED) K=FF/7)
A FORMAT(INO0 2X,3HROW 13 /(3X,1P8F18.5))
11 FORMAT(/// 3X,B3HSTIFFNESS MATRIX - RELATES COHMON JOINTS TO FREE
1JOTNTS (COMMON JOINTS FREE) KeFJ//)
13 FOPMAT(/// 3X,57THUFi ER TRIANGLE OF STIFFNESS MATRIX - COMMON JOINT
1§ kK-JJ/7)
14 FORMAT(/// 3X,87HUPPER TRIANGLE OF REDUCFD KEIRHT MATRIX FGR COMPO
INENT (COMMOW JOINTS RESTRATNED) M=FF//)
18 FOPMAT(/// 3X,7RHMASS MATRIX =~ AFLATES COMMON JQINTS TO FRFE JOINT
1S (CnuMor UNINTS FRFE) M=FJ//)
21 FORMAT(/// 3X,52HUPPER TRIANGLF OF MASS MATRIX -~ COMMON JOINTS M
1=Jd/77)
23 FORMAT(/// 3%X,40HNORMA) 1ZED MOD: SHAPES FOR ORTHOGONALITY//)
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2%

27

FORHAT(/// 3X,23HCHECK FOR GRTHOGOMALITY//3X,52HUPPER TRIAKGLE OF

1THF GENERALIZED MASS MATRIX IS ROW//)

FORMAT(///7 3IX.60HUPPER TRIARGLE OF TRANSFGRMED STIFFMESS MATRIX FO

iR COMPONFENY 12//)

29 FORMAT(/// 3X,55HUPPER TRIANGLE OF TRANSFORHEND MASS MATRIX FOR COM

30
33
34
37
38
39
40
41
47
45

1PONFMT [2/7)

FOPMAT(6F12.8)

FORMAT(12AS6)

FORMAT(1HL)

FORMAT (3612}

FORMAT(I1H1 40X,22HAIC MATRICES FOR 1/K = 1P1E11.4)

FORMAT(214)

FORMAT(/// SHCOMPONENT 12 //)

FORMAT(1HO SHSTRIP I3 //) .

FORMAT(1HO /€3X,2E14,6,2X,2E14.6,2X,2E14.6,2X,2E14.6))

FORMAT(/// 3ISHCOUPLED A1C KATRIX FOR COMPCONENTS 12,4H AND 12 //)
DISC ASSIGMNMENTS

KDISC=7 :

¥nisSc=8

IDIse=9

Jpise=1i0

KKnlsc=11

IKDiSC=12

IMDISC=13

NMDISC=14

- MCDISC=15

199

241

210

MINISC=16
MARISC=17
‘READ INPUT DATA AND PRINTY
READ(S,33)(TITLF(1),1=1,24) .
REWIND KDESC
REWIND MRISC
REWIND INISC
REWINMD JNDISC
REWIND KKDISC
REWIND [KkDISC
REWINMD TMDESC
RFUinMD MNMDISGC
REWIND MCDISC
REHWIND MTDISC
REWIND MADISC ,
READ(5,2) NCOMP,HODE,NCOM,NCOUP,NAT,NY
READ(S,2) (NREDU(CI),1=4,NCOMP)
READ(S,2) (MHMODECI),l=1,NCOHP)
READ(S'?) (NCJT(!):I!I.NCOHP)
READ(5,37)((COM(],J),d=1,4),1=1,NB0MN)
IF(NV.FQ.0) GO TO 199
READ(S5,30)(VEL(]),I=1,NV)
WRITF(6,33 NCOMP .
HRITF(A,1) (TITLE(T1),1=21,24)
DO 100 1=1,NCOMP
N=HRFDU(T)
NC=NCJT(1)e3
NM=NMODE(1)}
DO 200 X=1,NM
READ(S,30) (XMODF(J,K),Js1,N)
RFEAD(S,J0)(FREQ(L),L%1,NM)
po 230 J=1.,N
READ(S,30) (CKFF(J,K),x=1,N)
no 220 J=1.N
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165
166
170
173
175
176
180
181
182
183
184
i85
186
187
188
18%
200
205
210
215
220
225
226
227
228
229
230
231
234
235
240
245
250
258
260
261
262
263
264
265
266
269
270
275
280
281
282
283
285
290
295
300
305
310
314
315
320
324
325
329
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220

23n

7231

12

14

15

240

10
46

35

37

36

28
25n
260

270

17

19

22

READ(S,30) (TKE2{J,X),k=1,NC)

o 230 J=1,NC

READ(S,3n) (0K22(J,X),¥=8,NC)
IF{1.EN.1)R0 TO 231

NRITF(6,34)

KRITF(6,4) 1,N.NM,NCJIT(I])

kRITF(64,5)

N0 9 K=1,NH

WRITF(6,6)K,FREO(K), (XMODE(JsK), 1K)
HRITF(6,7)

DN 12 L=1,N

KRITF(6,11)

DO 14 | =1,N .

WRITE(6,8) L,{CKL12(1,4J),J=1,NC)
WRITF(6,13) !

DN 15 L=1,NC .

WRITF(6,R) L, (CK22{L,yJ),J5L,RC)

no 240 J=1,N

READIS,30) (CKFFI(J,K),Kn3:N)
GENERATF TRANSFORMED STIFFNFSS FATRIX
CAlL MATMPL(CKFFI,0K12,7:97,97:,97,36,97,36:N,NC,K»1)
no 46 4=1,N

o 10 k=1,MC

T(hK)==1,2T(J5K)

WRITE(MTNISE) (TCJ,K),K=1,NOD

CAlL MATMPL(T,CK12:TTK1,97,36,97,36,36,36,NC,NC,N,?)
16 36 J=1,NKC

N6 35 K=1,NC

TTX1(J, K =TTKI(J,K)+CKP2(J,K)
NHr=NMaNC

N0 32 1=1,NM
RONT(L)=(FRFO(L)#6.2831853)0e2

N0 36 J=1,NM

N0 36 K=1,NC

PKY(J,K)=0.0

CALL GENC(NM, NMC,NC,XK0, TTKY1,PKT,ROCT, IKDISC)
PRINY TRANSFORMFD STIFFNESS MATRIX
WRITF(6,27) |

DO 2R §=1,NMC

NS (28l +(L=1)#(2aNHCel))/2
NE=(2sNMC+(t ~1)#(28NMC=LY)/?
WRITF(6,R)L,(XKC(J) ,.1=NS,MNE)

no 250 J=1,N

READ(5,30) (CMFF(J,K)s»X=1,N)

no 260 J=1,N

READ(S,30) (CM12(J,K),»K=1,NC)

noe 270 J=1,NC

READN(S,30) (CM22(J,K),K=1,N0)
HRITF(6,16)

N0 17 1=1,N
WRITF(A,8)1, (CMFF (L ,J),JdsL, 1)
WRITF(6,18)

DO 19 {=1,N

HRITF (6,8 L, (CH12(1,J),Jn1,2C)
WRITF(6,21)

B0 22 1=1,NC

WRITF(6,8) L. (CM22(1 ,d),J=L,NC)
NORMALIZF MONF SHAPFS FOR ORTHORONALITY
Do 51 K=1,N
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51

20
47

2¢

55

61

65

31
100

103

ng 5% J=1,K

CHFF (K, JV=CMFF(K,J0)/7(32.174812,)

CAll HATMPL (XMORE,CMFF,XH,97:9:97,97,9,97,NK,N,N,2)
CALL MATMPLIXM, XMODF,XMX9:,07,972,9,9,9, N4, NN, N,1)
Dﬂ 47 .'=1.N

PO 20 K=1,NM

XMODEN(.D,K)=XHODE(JI,K) /SORTIXHX(K,K))

NRITE(HMCNISE) (XMODFN(JS-K)ok=1,nM}

CAL!L HATHPL(XHODENpCNFF:ﬁ1:97.9.97.97.9.97;NH;N,H.Z)
Chl L HATMPL(HI,XMODEN.u2.9:97;97.9:9.9.Nﬁ.NN.N.1)
RRITF(6,23)

WRITF(6,6) K,FRFO(K); (XMODEK(J,K),J=1,N)
WRITF(A,?5)

PO 26 L=1,HHM

WRITF(6,8) L,o(H2(L,J)s.1=L,HM)

GEMERATF TRANSFORMED HMASS MATRIX

CALL MATMPL(WI,T,PMT,9,97,97,36,9,36,KK,NC.N,1)
CAll MATHPL(XMODEN,CHM12,PM212,97,9,97,36,9,36,NM,NC,N,2)
po 6 J=1,MNM

N0 5% ¥=1,NC .
FHT(J;K)=PHT(J.K)‘P”12(JAK)

CALL MATMPL(T,CHMFF,TM,97,36,97,97,36,97,NCoN:N,2)
CALL MATMPL(TM,T,TMT,36:97,97.,36,36:36,N0,NC,N,13
CAVL MATMPL(T,CM12,TIM1,97,36,97,36,36,36,NC,N,N,2)
CALL MATMPI (CH12,T.CMT,97,36,97,36,36,36,NC,NC-N,2)
no 60 J=1,NC

DO 60 K=1,NC
TIMICJ,K)=TMTUJLK)SCN22 (S, K)o TTMI{J,K)+CHT(JsK)

D0 65 M=1,NM .

ONF(M)=1.0

CHIL GFHO(NM . NMC,NC, XM, TTMI,PMT,ONE, IHDISC)

PRINT TRANSFORMFD MASS MATRIX

kRITF(6,29) 1

na 31 | =1,NMC

NS=(2el +(L-1)2(2aNMCel))/2
NE=(2eNMC+(L=~1)8(20NMC~L))/2

KRITE(6,8)L, (XMC(Y) ,.1=NS,EE)

CONTINUF

IF(NV,FR.0) GO To 101

FOP FACH REDUGCED VFLOCITY, READ AIC MATRIX FOR EACH COMPONENT
D0 106 K=1,NV

WRITE(MADISC) VFI (K)

WRITF(A,38) YFI (K)

Ii=0

no 188 [=1,NCOMP

FFCITL.FD.T) GO TG 108

N=NREDRU(T)

N2=2#N

IF(NAT.EN.2) GO TO 165

RFAD(5,39) NSIZE,NPART

WRITE(MADISC) NPARY

WRITF(6,40) 1§

no 104 )=1,NPARY

READ(5,39) NS

NS§?2=2¢NS

WRITE(A,45)J

DO 103 J.=1,NS

READ(S,IN)CLAP(JJ, KK ) KK=1,N82)
WRITF(A,42)(AP(UL, KK}, KKe1,AS2)
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104
105

107
121

19¢
104
109

101

116

116

117
118

110
ten

125

126

WRITF(MAN]SCINS, NS?

NRITF(MADISC)(SAP(JIJs KK}, KK81,NS23, Jax1,KE)

66 10 16R
JFINCOUP.HE.T1) GO TO 167
il1=]+1
N=MREDBU(TY+NREDUC(TIT )
N2=2aN

WRTTF(6,45) 1,11

g0 10 121

WRITF(6,40) 1|

no 1906 JA=1,N
READ(S,30)CATCCIA,KA),KARL,N2)
WRITE(MANISCIC(AIC(SA KAL)  KARYL,;N2)
WRITF(A,42)YCAIC(JA-KA),KAZ1,N2)
COMTINUE

CONTIRIIE

GENEPATF THF NCODE MATRIX
KX=0

DO 110 1=1,NCOKP
NM=NMODE(])

PO 1310 J=1,NM

KX=KK+1}

NCODF(1,.1)=KK

NTYM=KK

no 120 1=1,NCONP
JH=NMORE(])+1
NCC=NMNDGT (Y +NEITL(T)

no 119 J=-JM,NCC
IF(1.FG.1) 60 Tn 118 -
N0 117 K=1,NCOM
L=C0M(K,4)

IF(L.EN.!) GO TO 115

GO0 70 117

JC=J=jMe]

LL=COM(K, 3)

I1F(LI .FO.JC)Y GO TO 116
60 70 117

11=00M8({K,2)
JJU=COM(K. 1)+ RMODEC(IT)
NCNDF(T, ))=NCODECIT,dd)
60 70 11¢

CONT ITMUE

KK=KKe1

RCODF(1,.1)=KK

CONTINUF

CAONTINUE

Bo 130 [=1,NCOHMP
JH=NMORE{ 1) +NCJUT (] )}
NCP=NMADE{1)¢28NCIT(])
DO 1?29 J=JM,NMCC
IF(1.E0.1) 80 TO 128

DO 127 K=1,NCOM
L=00OM(K,4)

IF(L .EQ.T) 6O TO 125

GO Tn 127

JC=J=. M1

LL=COKtK.J)

1F(LI ,FO.JC) GO TO 126
GO TO 127

P1=2C0M(K.2)
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JJI=COMCK, I)QNHUDF(ll”SCJT‘I‘) o 787
NCODE(T, 1) = NFODE(l‘pJJ? S 738
60 70 129 ) 739
127 CONTINUE . 7?&
128 KK=KK+1 o 791
NCODF(‘:J)=KK Lok 7?&
129 CONTINUE . 793
130 CONTINUE , 794

WRITF(4,131)
131 FORMAT(LHL 2X, 59HEFFECTIVE !OCATION of COHPONF“T BsD.F. IN THE SYS

1TEM MATRIX//)

1 D0 146 [=1,NCOMP : 795
. JMZNMODE(T) 2% HCIT ()41 80d
. NCR=NMADE (1) +3%NCJIT(]) 885
: BO 139 j=JM,NCC 806
; IF(I.E0.1) 60 TO 138 807
- L D0 137 K=1,NCOH . 808
{ L=COM(K,4) - 8to
‘ IF(L.ER.T) GO TO 135 ‘ 810
; 80 10 137 - 811
: 135 JC=d-JM+1 812
: LL=CAM{K,3) 813
vl IF(IL.FO.JC) 60 TO 136 614
: 60 10 137 815
136 11=COM(K,2) 818
: JIZCOMIK 1) +NMODEC 1) +2aNCITLI]) 817
§ NCODF (1, )=NCODE(TT,Jd) 818
60 10 130 819
(= 137 CONTINUE , 820
[ 138 KK=KK+1 ' 821
- NCODE(T,.1)=KK 822
' . 139 CONTINUE 823
; WRITF(6,150) 1. (NCODE(T,J)sJ5L,NCE)
+ 11 150 FORMAT(L1HO 2X,19UNCODE FOR COMPONENT 12//(251%))
140 CONTINUE 824
¢ THF FINAl KK SECOMES THE ORDER OF THE SYSTEM MATRICES-XKS AND XMS 825
c GENERATE AND REDUCE SYSTEM MAVRICES AND SOLVE FIGENVALUE PROBLEM 830
CALL GENS(KK,NCOMP,NKODNE,NCJT,NCODE:XKS, XKC,KDISC, 1KDISC) 835
CALL GFNS(KK,NCOMP, NMODE,NCJT,NCODE, XMS, XHC, MDISE, IMDISC) 840
NTOT=KK-NTM 845
NRFDUHS=NTMeNTOT/3 850
NROT=KK-MREDUS 3 ‘ 860 |
CAIL EIGFNCA,VALU,TEMP,B,C,NUM3,F, 1DU¥4, 1DISC, IDISC,KKDISC,MDISC, 865 |
1KDTSF, KK, MODE, MODE, NRENUS, NROT, NHBTSC) 866
c TRANSFORM SYSTEM MONE SHAPES BACK TC COMPONENTS

, CAlL TMODE (KKDISC,MCDISC,MTYDISL, 1DISC,NMODE,NCJT,NREDU,NCONP,
! IHOHF.NV.NCORF.NTN.NREDHS.NROT-XF.B.C,DUN3)
GENERATE GENERALIZER MASS MATRIX FOR SYSTEM
CALL GENM (INISC,KMDISC,NREDUS,¥ODE,A,B,C,JRBISC,NUNI,GM) 867
IF{NV.,FD.0) GO YO 999
GENFRATF GENERALIZED AERGDYUAMIC FORCES FROM AIC MATRICES IF INPUT
CAlL GFNA (KKDISC,MADISC.MTDISC,VEL,NCOMP,MODF,NCOUP,NAT,NV,NREDY,
1APAIC . XF,XFT,R)
99 GO0 YO 1000
END 875

b |

br ]
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5500

5507
5501

6012

5505

5506

FORTRAN DECK
N RENUCES STIFFNESS MATRIX AND I“VERYS 37: REDUCFS KASS MATRIX
NETERKINES ETGENVALUES AND ZIGENVECTORS FOR COHSYN
THE ARGUMENTS AREs=
- VECTOR OF LENGTH NRDFe{NRRF+1)/2
ALl - VFCTOR OF LENP?" ”F,G
TEMP,B,C,BUM3, « VFCTORS OF LENG?N NRDF OR NMASS (SMALLER)
E - MATRIX OF DIMENSION (NRDF,3)
IDUME - VECTOR OF LENGTH NRDF OR NMASS (SHALLER)
ITAPF, UTAPE, NTAPE, MTAPE, « THESE ‘ﬁf VAR'GU‘ TAPES
NRDF - NUMBER OF DEGREES oF FREEDQ" OF THE SYSTEM
NETG - NUMBER OF EIGENVALUES DESIRED
NVFC - NUMBER OF EIGENVECTORS DESYRED
NMASS=NGO. 0OF NORMAL DISPLACEKENTS
NOMASS=NO, OF ROTATIONAL DEGREES OF FREEDOM
STIFF IS ON MTAPE I¥ COMPACY FORM
MASS IS ON NTAPE IR COMPACTY FORv
SURRNUTINE EIGEN(A,VALH, TEMP, 3,0, DUMI,E, 1DUM4, ITAPE, JTARE,KTAPE,
INTAPE,MTAPE,NRDF,NEIQ,NVEC, NHASS  NO¥ASS, NHTAPE)
DIMENSTION BUMIINRDF ), INUNG{S) A1 VALU{1) BLL1), (1), E(NRDF,3),
1TEMP(L)
INTEGER OUY
nUT=4
REKIND MTAPE
REWINN NTAPE
NTFHP=NMASS
CAlLL BIVID(NMASS,NOMASS,MTAPE, JTAFE,ITAPE,A,B)
CAlL ZROMAK(A.B,C,NUM3, NMASS,NOMASS, ITAPE, JTAPE, MTAPE,.KTAPE)
CA'L DIVID(NMASS, NOMASS,NTAPE, JTAPE, ITAPE,A,B)
CAlL ZROMAM(A,B,C,NUMI, NMASS, NOMASS, ITAPE,JTAPE, NTAPE,KTAPE)
RFWIND MTAPE
REWING NTAPE
NRFhHI=NMASS
NRMX=NREDU# (NREDU+1)/2
READ IN STIFFNESS MATRIX
READ(MTAPE) (AC1),I=3,NRMX)
WRITF(OUT,5500)
FORMAT(/// 3X,63HUPPER TRIANGLFE OF REDUCED STIFFNESS MATRIX FOR TH
1E TOTAL SYSTEM//)
NO 55061 1=1,NRENY
NS=(2#1+(1=-1)2(24NREBVU-1))/2
NE=(2«NRFDUM(1=1)e(28NRENU-1))/2
KRITF(GUIT,5502) 1,(ACJ)s J=NS,NE)
FORMAT(1HO 2X,3HROK 14 /(3X,1PBF15%5.5))
CONTINUE
READ IN THE MASS MATRIYX
RFADINTAPE) (ACI),i=1,NRMX)
DO 6612 J=1,NRHX
ACT)=A(])I#32.174012,
HRITE(OUT,5505)
FORMAT(/// 3X,60GHUPPER TRIANGLFE QGF REDUCED WEIGHT MATRIX FOR THE T
10TAL SYSTEM//)
PO 5506 I1=1,NREDU
NS=(2#]+(0=1)8(2aNRFDU-]1))/2?
NE=(2«NRFDU+(1=1)2(28NRENU~1))/2
WRITE(OUT,5502) 1, (AC(JY,J=NE,NE)
IF(NFIG.FQ.0) RFTURNM
CAIL EIGHMAT(NTEMP,A, VAIU:TEVP:B:C DUMI,E, IDUME, HTAPE, NTAPE, JTAPE,
11TAPF,NFIG,NVEC,NMTAPE)
po 60 [=1,NEIG
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IFCVALU(T ) LT0,00 GO 7059
U3 1 )=SORTIVALU(T) )/ 4.2831883
. 6010 60 —
59 GUM3(1)=0.0
60 CONTINUF
WRITE{OUT,9609)
NRITE(OUT,9005) (1,DUAI(1), 151, NETS)

°089 FORMATC/// 3IX, SSHNATURLL FREGUENCIES OF THE SYSTEM /773

9005 FORMAT( 3X,29HTHE NATURAL FREQUENCY WUNBER
1340PS)
RETURN
END
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180

125
150
175

200

?22%
250
275

3on

325
350
375
401

FNRTRAN DECK

CMATMPL MATRIX MULTIPLICATION (REAL tﬂﬂ 7HG-H!NINS!OK3LY

MATRIX A DIMENSION (KA. NA) IN MATN PROORAW
P (MB; NB)
€ (MG, NE)
HO. AF ROWS IN PROPUCT WATRIX. C
NG DF COLUMNS IN €
COMMON DIKENSION OF A AND 8
=1, AXB=C
2, ACTRANSPOSE) X 8 = ¢
3, A X B(TRANSPOSE} = ¢

-
for}

- B BT I ) ]

SURRPUTINE MATMPL (A,B,C,MA,NA,MB,HB,HC,HC,N,H,L s 10P)
DIMENSTON A(MA,NA),B{MR,NB),C(NC,NC)

80 T (ing,260,306),10P

N8 17% 1=1,¥%

B0 150 J=1,N

t(t,J)=0.2

Do 125 K=1i,L

C{1,1)=C(1, J)#‘(!nK)'B(KJJ)
CONTINUF

CONTINUE

CONTIRUF

60 10 480

po 275 i=1.M

Rl 250 J=1,W

cCY,.3)=0.0

po 225 K=1,i

Cer,43=60(1, J)¢‘(Ka§)'9(K.J)
CONTINUE

CONTINUE

CONTINUE

80 T0 4900

0o 375 i=1,M

00 350 J=1i,N

cil,)=0.0

o 325 K=1,} ]
CCI,)=C(1,J)eA(1,K)8B(J,K)
CONTINUF

COMTINUE

CONTINUE

RETURN

END
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2883 |

2204

2095

2086
2087
2¢88
2899
2019
2011
2912
2015
2620
2025
2839
2835
2948
2045
2658
2055
2060

2065 |

2078

2075
2089
2085
2090
2095
2109
2105
2110
2115
2129
2125
2130
2135
2140
2145
2150
2155
2160
2165
2170
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s FORTRAN DECK

corm Y

PRE ANT-POST RULYIPLIES: A‘?BH?&EK‘EA?IJ! BY. RFAL HATﬂ!GES
THE PRF-ﬂHL?iPLfES AREALS. OF STZECHR XLNE
THE ﬂOBPLEX NATRIX OF S1ZE KE» X2 KB SN WEKL. NGTA?!QH
THE ‘POST-HULTIPIER IREAL). OF-S1ZE: Nﬂl! K NR:
RESULTANT (COMPLEX) OF SIZE NR.Y 2R 1IN ‘REAL NOTAT?@“
N0, OF COLUMNS TN A4S BlUENGIONED TN HAINPROCRAN.
N0 OF ROWS IN C-.aS DIMENSTONED: IN HAIN. PROG&AH;
NO. OF RONS IN B AS DIPENSIANED IN MAIN PROBRAN
N0, OF COLUMNS IN B AS DIMENSIONED IN WAIN PROGRAM

SURRNUTINE CMULTC(A,8,C,D,NR, MA, B, KR,y NC,ND?

DIMENSTON AC9, BRI, B{MA, MBY,C{NR,9),D(9,18),E(9,80)

-

NR2=2eHWR
NGH=ND/2
PO 20 K=9,NR
DO 20 1 =1,ND
E{K,1)=0.0
ng 20 J=1,NC
20 E{K,1)= E(KpL)GA(KaJ)iB(JaL7
DG 30 K=1,NR
po 2% L=1,NR2,2
MH=(1+1)/2
B(X,1)=20.0
D0 25 J=1,NDH
2% BI{K,Ly=R{K,L)+EL(K,28J=1)aC(J, MM}
po 3n L=2,NR2,2 :
MMzt /2
N{K,1 }=0.0
po 30 Jg=1,NDH
30 B{K,i)=2D(K,LI+ELK,280)eC{J,NN)
RETURN

END
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9838
9485

9619 §
93i% 3
992 5

9825

9836 o
9935 |

G440
9045
3088
9955
9060
9665
9078
9075
9089
9085
9098
9095
9100
9105
0110
0115
9129
0125
9130
9135
9140
9145
91580
9155
3160
9165
9170
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: 3 FORTRAN DECK : 3900 3
TRENC GENERATES. THE TRANSFORNED :MASS: OR: StlfFNFSS uarxxx 3095

" o FOR EACH CGMPRONENY' ° : 3018
r f NME = GRDER OF YHE FINAL MATRIX (XC)a. : 3015
| t THF FINAL HATRIX IS“STORED ON: 1n!sc :a conrac? FORN(EY. ROUS) aggﬁ
¢ 3025
| ' SURRNUT {NE gsuc(nn.nne MO, X0 TTY, n,aua,xnxse; 3030
DIMENSTOH XC(1), 771(36,36)%Phi9;36).ﬁ!h0(1) ~ 3925
e 3645
NMECT=NMGs (NMG1) /72 . : 3045 ¢
N0 40 J=1,NMCT - 3050 |
4% XC(J)=0,0 3055
DO 45 M=1,NM B 3848 ;
] | JE(2aM4 {Mal )R (20NHE-K))/2 . 3065 |
NM=H=-1 3070
\ HMM= 4 NM=-HH ’ 3075 . §
| DO 44 K=1,NC 3080 fE
| XCOHMMI=PT(M,K) : 3085 & 3
| 44 MHM=MHM+1 3096 ¢
‘ 45 XC(J)=N1AG(H) 3o,95§§ ;
L=(28(NH+1)+NH® (24NHC=(NM+1)})/2 3100 3 3
DO 50 J=1,NC ' 3165
DO 50 K=.,NC 3110 . 3
| XC(L) = TTL(L,K) 3115§
| L=).+1 3120 = §
HRITECIDISE) (XCCi),1=1,NHCT) 3126

RETURN 3130
END : . 3135

Jorsssact

\ 50 CONTINUE 3125

)

e, §
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200

378
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FARTRAN- DECK
'BENERATES. THE -MASS OR: S!!PFﬁESS*K&TR!! PGR THE TOTAL S?STEH

BY THE NGODE METMED.. -
KK = oansa OF THE SYStGN QA?!IX 4::3.

,\o,».«.,

SURRDUTINE GENS: (KK, ﬂﬂﬂﬁ?;“ﬂﬁlEnlﬂﬁ].ﬂﬂﬂBEaXS;XC:”DKSC.lDlSG)
DIMENSTOM NHODE(l):NGJT(!3:?30'5(5.49):!8(13»!?(1)

REWIND NDISC

REWIND [DiSC
KKK=KKa(KK+1)/2

B0 200 1=1,KKX

XSL1) 2 0,§

DO 5006 I=1,NCOMP
KHC=NRODF{])+3JeNCIT(])
HMCT=NHMCa (NMC+1)/2
READCIDISCH(XC(K),K=1,NMLT)
D0 408 11=1,NHC
KI=NOONE(T,I1)

B0 375 JU=11,NMG
LI=NCOBE(L,JJ)

KA=K1}

LA=L]

IF(LI.BF.¥1) 680 TO 370
KI=LA

LI=KA .
RO=(2eJJ+(J1=1)w(20NMC-T15))/2
NO=(2a] 1+(KI-1)e{2eKK-K1})/2
XS(ND)=XS(NO)+XC(HO)

Ki=KA

CONTINUE

CONTINUE

CONTINUE

N0 510 i=i,KK
NS=(2al¢(1~1)e(2aKK~§))/2
NE=(2aKK+(1=1)#(2aKKul))/2
WRITE(NDISC) (XS(J), JuNS,NE)
RETURN
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10

565
8010

650

756
80¢

900

9310
9510
1000

20

END
FORTRAN DECK
GENERATES THE QENERALYZED HASS: Hh?&jx fﬂR THE TOTAL SYSTEM
USED IN THE MODAL FLUTTER PROGR&!
¥ = SI7E OF REDUCED HASS MATRIX FOR: THE SY‘?EH
NVEC = N0, OF MODES
NSNISC - SYSTEM MODE SHAPES STOREQ
NDI1SC CONTAINS REDUCED WASS MiTRIX OF THE SYSTEM
F = GENERALIZED KASS MATRIX < FORRED, PRINTED- AND PUNCHED

SURRNUTINE GENM (HSHISP:HD!SC:N.NVEC:A &,C,LLDISC,3,E)
DIMENSION A$13,B{19,C(1),D(1),E(9,9),6(%)

FORMAT{1H1 2X,44HGENERALIZED MASS MATRIX FOR THE TOTAL SYSTEN /49
FORMAT (3H 1P9E14.5)
REHIND NDISC

REWINMD MSGEISC

REWIND LLDISC

NMHAX = Ne(N+1)/2
READINDISCI(A(CT), 1= 1, NHAX)
00 908 K=1,HVEC
READIMSDISCI(CIL)Y,i.24,M)
no 809 1=1i,M

1i=1-1

[F(17,F0.0) 80 T 660
NUZ(28]+({J=1)8(28]=J)) /28 (Jel)a(Nal)
BCAY=ACNL)

CONTINUE
HS=(2#f+(l=1)nl2aN=-1))/2
NE=(PaN+(1=1)8(2aN=-1))/2
Js1

B0 65¢ J.J=NS,NE

BN =A{ID)

NENLS

p(1)=06.9

B0 750 Liz=i,N
BCII=NCI)I+C(LL)*B(LL)

CONT INUE
HRITFQILDISCY(D(E), I81, N}
CONTINUE

REWIND LIDISE

PO 1000 K=1,NVEC

REWIND MSDISC
READCLLDISEY(NC(1),1=1,N)
B0 950 Kk=1,NVEC
READ(MSEDISEI(CIL), LI =1, N)
E(K,KK)=D,0

po 930 L1=1,N
E(K,¥K)I=F(K,KK)+D(LLY*C{LL)
CONTINUE

CONTINUE

WRITF(6,10)

DATA Q1/4HBENM/

1C=0

PO 20 I=1,NVEC

KRITE (6,81)(E(1,d),J=1,RVEC)
no 15 J=1,NVEC

G(.N=E(].J)

CALL PUNC (6,1:NVE(,01,1C)
CONTINUE
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4145
6600
6065
6606
6007
6008
6809
6010
6011
6015
5020
6025
6038
6035
6040
6045

6050

6055
6660
6065
5070
6075
6089
6085
60990
6095
6100
6105
6110
6115
6120
6125
6139
6135
6140
6145
6150
6155
6160
6165
6170
617%
61839
6185
6190
6195
6200
6205
6210
6215
6220
6225
6230
6235
6240
6245
6250
6255
6260
6265
6270
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6275
65280

et

RETURN
END
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FNRTRAN DECK

"TRODE TRANSFORMS SYSTEN MODF SKAPES TO EACH COMPONERY

KKDISC CONTAINS (K~NH) X (KeMM) [INYVERSE

MCDISC CONTAINS THE MONE SHAPES FOR EACH COMPOKENT

MTNISC CONTAINS THE T MATRIX FOR BACH COMPOMENT

MSNISC CONTAINS THE MORE SHAPES FGR THE TOTAL SYSTEM

SM MATRIX - SYSTEM NODE SHAPES [NVOLYING MOBAL DESREES OF FREEDOM.
STP MATRIX - SYSTEM MONE SHAPES INVOLVING TRANSLATIONAL AND
ROTATIONAL DEGRFES OF FREEDOM.

XF - TRANSFORMED SYSTEW MODE SHAPES FOR EACH CONPONENT.

XF STORFN ON KKBISC FOR SUBROUTINE GENA iF AERO INPUT

SURRAUTINE THODE (KKRISC,HCDISC,HYDISC,MSDISC,NMODE, NCJT, NREDY,
1INCOMP, MONE, NV, NCODE, NTM, NREDUS, AROT, XF,8,C, D)

DIMENSTON NMODF(1),NCJT(L1),NREDL(L),SH{45,9),8TR(908,9),HCOBE(5,45)
1,XF(97,9),8¢1),C(1),D(1)

DATA Q%/4HSYSM/

Jon FOPMAT(/// 3X,47HSYSTEM MODF SHAPES FOR FREE JOINTS ON COHPONENT

Joi

11277

FORMAT(1H 9E14.5)

302 FOPMAT(// 6X,6HMODF 1,RX,6HMODE 2,8X%,6HMODE 3,8%,6HNODE 4,8X,

11

12

11

15
20

16HMONE 5,8X.6HMODE 6,8%,6HMODE 7,4X,6HMONE 8,AX,6HMONE 9//)

RFEWIMD KKDISCO

REVWIND MMDISC

REWIND MSDISC

REWIND MTNISC

GENERATE XF, TRANFORMEN SYSYEM MQODE SHAPES TO EACH COMPONENT
NT=NTM+1

DO 20 J=1,MONE

READ(MSNISS)HI(RB(K),K=1,NREDUS}

DO 11 K=1,NTHM

SHIK, J)=R{K)

L=n
NN 12 K=NT,NREDUS
L=t +9

STRUI, J)=B(K)

DO 15 M=1,NROT

N(M)=0.0

No 14 N=1,NREDUS
READ(KKDISC)(C(KK),KK=1,NROT)
D(MI=N(MI+B(N)I*C(N)

REVIND KKDISC

L=t +1

STR(l ,J)==D(M)
COMTTNUF
COMTINUE
REWIND KKDISC
NNM=(

DN 100 1=1,NCOMP
N=NREDU(T)
NM=NMODE(])
NO=NNM+1
NNM=N(O+NM=-1
NC=3JeNCJT(])
JJI=HM+1
JK=NMe+NC

PG 30 K=1,N

-148-

- . [ P

bwieod  beey  besd Wl BEE

S  S—— | N—

]
rmiwrey

PPN S e e}

e

Wr AR SBLNURS ¥ o) MTRRNA L A IR

Frgant

et RIS e 1o SRDAL T LRI RS

e o o ockiifs o

[uspm————

W

Tt

P



29
35
an

33

4n
100

READ(HEDISCHIBIRK 1, XK1 . M)
RO 26 L =1,80N0E

DAY=, &

0o 2% J=NO,.HNH

K= J-N¢]
DOI=BUKYsBIMIoSH{J. L}
AFLKLY=R{K)

CONTIHUE
READENTRISCHIRLXK ) KK=1, KT
DG 3% L=1,.KOBE

Ciri=n.0

RO 29 JL=J4J,JK

LERT |

JH=NECORE( L, JLI~NTH
CER)I=CEK)+BIM)2STR{ N, L)
XF(X,LYSXFLK.LY+C(K)
CONTIRUE

CONTINUF

[F(NV.FQ.8) 80 TO 39

NRITR(XKDISCIOIXFIK, L), Lat  HODE), X531, M)

WRITE(6,300821
KRITF(6,302)
B0 40 K=1,N

NRITE(S,361)(XF(X,L),Lal, NONE)

COMTINUE
RETURN
END
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FORTRAN BECK
SYHINY )
A IS THF UPPER TRIANGILE OF THE SYMMETIRIC MATRIX TD RE INVERTER, SYNV
ELFMENTS ARF STOREDR ROUNISE,
N T ORDFR OF MATHIX . STYNY
PROGRAN INYFRTS IN PLARE, ) SYNY
SURRNYTINE SYRINV{A,N) SYHy
DIKEHSION A{Ll} SYMV
CAlL EGIOCKC(ITY)
NMAX=Na(N+1)/2
IF1A(83.1T.0.8) B0 TG o5
80 TO 99
2% 1=
26 WRITF(4,27311
27 FORMAT(I1HL,5X,36HA NREGATIVE VALUE APPEARS IN BLENENT 1 §15,4%,
125H0F VECTGR TO BE INYFRYED,74X GUHSINCE ELEMBNY FALLS ON DIAGONAL
2, MATRIX 18 MOT POSIYIVE DEFINITE,//76X%,I9HPROGRAN ENDED AND JOB DE
ILETRDLY
no 4% [=1,N
NS=({2s3+(1=1)8(29N~1)1/2
BE=(2eMe(|~1)2{2eh~15)/2
WRITF(8,28)1,CAL), JnNG, HE)
28 FORNAT(/IURONK, 14/ (2F14,.5))
4% COHTINUE
CAIL EXIT
99 COMYINUE
A(1)=SORT(5(1))
Do 100 {a=2,N SYMY
100 A{ED=A{TII/Z7ALL) . SYMY
A{1)=1,0/4¢1) SYMY
1K1 =1 SYMY
1J=K
PO 1050 (=2,N
Ti=10+1
1d=11
no 200 J=1,M
SLAERES|
1=
Ld=J
DN 120 L=1,1H1
ACTIV=A (T )-A(LIYeACLUY
f1=LTeN=l
120 LJ=L 1+ M]
200 1J4=1.0e1
IF(ACTTY.LTL0.0) G0 TO 28
ACTI)=SORT(ACTET))Y
Ji=1
JJd=1
nn 500 J=1, 181
ACAIdY=A(0dYeA(JT)
’ 1F(J~-1M1)300,420,420
300 JPY1=z et
JL=J4J
Li1=J1
DN 4ne L=JP1, 1M1
JL=Jt %
Li=LT1+N-| #1
400 ACJIY=A(JII)eACILYA(LTY
420 A(I)==ACJII/ZACY)

MTATBTIDN

—
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parac s e el
Gy et paeeq onon

-

50t

600

788
00
1080

1100

1200

1406
2600

JI=sdieied
NNERMEY DNES |
IFCI=NY60D,960,900
181z
=11
po 708 J=IP1.H
td=l.1e}
ACTNI=ACIIIZALEY)
ALTI =, 0240C01)
LR
1i=3%
po 2060 1=1,N
JJy=1t
14=11
no 1408 J=i,WM
A(T)zA{TJ)eA (DY)
JPlzded
IF(JP1-NY1100,1100,1400
H SR
JL=dd
po 3280 i=JP1,N
IL=1 +f
JL=Jl #1
A(TJ =R {1 0)+A(TL )#A(JLY
RRENINS ]
1d=1.i¢1
ti=14
CAtl ECLDCK(IT2)

TIME = FIOAT(IT2-1T1)/443860,
WRITF(6,3000) TIME

3000 FOPMAT(1HO 39HTHE TIME ELAPSED FOR HATR!X INVERSION = E12.4,1X,7HS
1ECONDS)

St
1 [

S BNy esaw)

ot e

i' e 4!

RETURN
END
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FARTRAN DECK

N=NO. OF NORHAL DISPLACEMENTS

MzND, OF ROTATIONAL D.0,F.

NTPE-CONTATNS STIFFNESS (GR KASS) MATRIX

MTPF=-X12 (M12) STORED
ITPF-K11 (H11) STGRED

A- DUMMY STORAGE VEETOR,LARGER OF (Ne(N¢1)/2 OR Me(M+1)/2)
SURRNUTINE DIVID (N,M,NTPE,KTPE, [TPE,A,B)

DIMENSION A(L1),R(1)
REWIND I7PE

REHIND WNTPE

REWIND MTPE
NMAX=N#(N+1)/2
MMAX=Me(H+1)/2

NM=N+M

ICNT=0

DO 10 1=1,N

FI=NM=14+1

READINTPF) (B(J),d=1,11)
ID=]j-HM

Do 20 JU=1,1D

IONT=ICNT+1

ACICNTYI=R(Y)

iNi=1Dn+1

JCNT=1

no 30 J=ipt, 11
JONT=JNNT+1

B(ICNT)I=R(J)

WRITE(MTPE) (B(J),J=1,¥M)}
CONTINUE

WRITF(ITPE) (ACJ),J=1,NMAX)
REHIND MTPE

REWIND ITPE

In=¢

fCNT=0

Do 50 121, M
11=M=10INT

READINTPE) (B(J),d=1,11)
ICNT=ICNT+1

Do 60 J=1,11

IN=1n+1

ACTD)Y=R(.1)

CONTINUE

RETURN

FND
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FORTRAN DECK
TFIGYAT FOR COMSYN
THIS SUBROUTINE FINDS THE EISENVALUES AND EJSENVECTORS FOR
SYMMETRIC NASS AND STIFFNESS MA-RICES.
THE ARQUMENTS AREe-
N- ORGFR OF MATRICES,
A-  DUMMY VECTOR WITH DIMENSION IN MAIN PROGRAM OF Na(h+1)/2
VAL U= STORAGE FOR EIGENVALUES. MUST BE DIMENSIONED IN THE MAIN
PROGRAM AS A VECTOR OF LENGYH NE18H,
TEMP,B8,C,D,~ DUHMY VECTORS N1TH DIMENSION OF N IN MAIN PROGRAH.
F- DUMMY ARRAY WITH DIMENSIONS OF (N,3) IN MAIN PROGRAM.
IDlM=-  DUMHY INTFGER VECTOR WITH DINENSION OF N IN MAIN PROGRANM.
MT1APE- TAPE WHERE STYIFFNESS MATRIX IS STORED IN CONPACT FORM,
NTAPF- TAPE WHERE MASS MATRIX 1S STORED I¥ COKPACT FORN,
JYBAPE, ITAPE- SCRATCK TAPES,
NETG~ NUMBER OF FIGRNVALUES LESIRED.
NVFC- NUMBER OF FIGFNVECYORS DESIRED. MUST BE EQUAL YO OR LESS
THAN NF1G.
THF MASS AND STIFFNFSS MATRICES ARE STORED IN COMPACT FORM AS
VECTORS., ONLY THE UPPER TRIANGLE OF THESE MATRICES{BY ROHS) IS
STARFD,
SURRAUTINE EIGMAT(N,A,VALU, TENP, B Cs0,E, 1DUN,NTAPE,NTAPE, JTAPE,
1ITAPF,NETIG,NVEC, NMTAPE)
NDIMENSION A(1), TEMP(L),VALU(1),R(1),C(1),D{(1),E(N,3),IDUM(L)
NOUBIE PRECISION SUM, SiMt
INTEGER 0OUY
QUT=6
REWIMD ITAPF
REWIND JTAPE
REWIND NTAPE
REWIND MTAPE
REWIND NMTAPE
M=2aN
NMAX=Na(N+1)/2
Co & &8 8 % 4 9 8 8 8 8 2 % 8 & 8 8 € &8 0 %8 8 % 8 8 0 & 8 & 2 38 2 & 8 s
STFP §
READ IN M BY ROWS IN COMPACYED FORM
REPLACE M BY (L)TRANSPNSE, WHERE M=zLs(L)TRANSPOSE, SAVE M ON NMTAPE
CAI CULATF FIRST RoOW
READ (NTAPE) (A(1),1s1,NMAX)
WRITFE (NMTAPE)(A(L),1=1,NMAX)
RFHIND NTAPE
5 CONTINUF
A(1)=SOART(AC(L))
DO 10 1=2,N
10 ACTY=ACT)/ZAC1)
c CALTUI ATE ALL THE OTHER ROWMS
INN=N
Do 101 1=2,N
IND=IND#
SuUM=0,00
Ki=]«1
B0 50 JJ=1.,ki
M=M=y e(JJ=1)/724]
50 SUM=SUM+A (MU A (M)
ACIND)=DSORT{ACIND)=SUN)
IFCIND.EN.NMAX) GO TO 100
SUMi=A(CINMND)
Ki=]+1
no 9% J=k1i,N

b e B wr B |
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IND=IND+]
StiM=n N0
Ti=i-1
o 60 Jud=1,11
K={M=Ji)e(JJ=1)/2
Ki=K¢ |
KJ=K+ J
60 SUM=SUM+A(KTIYeALKS?
ACIND)=CACIND)-SUM)/SUML
99 COMNYTINUF
106 CONTINUE
101 CONTINUE
N CHFCK FOR SINGULAR MASS MATRIX
n0 102 I=1,K
Kiz(Mal)u(l=1)/2+]
JFIA(KI).ED.0.) 30 TO 1062
102 CONTINUE
THIS CNHPI ETFS STEP 1
L N K TN R 2 I I IR JEE JEE JEE BEE JER BEE JEY BEY JEE CBEE NN JEE BN BEX R JEE BN Y NEE EEE JEK BEE BN JEY NN NN I
S1EP 2
WRITE (1 )TRANSPOSE ON TAPE 8Y COLUMNS
PUT (L)TRANSPOSE INTO TEMPORARY STORAGE (TENP-«A VECTOR)
AND THEN HRITE TFMP ON TAPE
KTAPF=NTAPE
J0on IND=0
DO 340 J=1,¥
o 330 i=1,J
INR=TND+1
YI1z(M=])a(1=2)/2+J
TEMP(INDY=A(MIL)
330 CONTINUE
WRITF(KTAPE) (TENP(UJ),JJd21,IND)
IND=0
340 CONTINUE
G THIS COMPI ETES STEP 2
Ce & 5 % & 8 &8 8 0 # &8 8 § 8 & 8 8 & 0 8 5 068 8 6 3 06 8 8 8 8 % 0 a0
N STEP 3
.

b B B B B B |

N ((L)TRANSPOSE) INVERSE REPLACES (L)TRANSPOSE IN CORE
REPI ACEMENT IS DONE RY 1 AST COLUMN FIRST=-=WORKING UP THE COLUMN
DO 410 I=1,N
INRS(la(Me3<())/2=N
410 ACIND)=L./ACIND)
N0 499 y=2,N
JJ=(MNs2) =y
N0 490 [=2,J
INDZ(N+Je[=3)eldy-T)/2
SuUM=0,.D0
Ki=JJ=1+7
D0 450 K=K1,JJ
INKF=INN+K
MK=(M=K)2(K=1)/2+JJ
450 SUM=SUM+A(IDK)*A(MK)
IND=IND+.1J
IDI=IND~T ¢t
490 A(IND)=<SUMsA(CID])
499 CONTINUF
C END OF STFP 3 )
COOQOG.OQCQCQDOQQ.Ql!ll.l.'l'ﬂ..li.ﬂ.
c STEP 4
C U=s( (L) TRANSPOSE)INVFRSE
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r KRITF U ON TAPE BY ROWS
WRITFLITAPE) (A(1), 1wl ,NMAX)
¢ FINISHEND WITH STEP 4 )
C8 & % % & 8 5 % 3 % % 5 8 & & 8 8% 8 8 0 8 & 8 8206580682 ds b
STFP S
WRITF U ON TAPE BY COLUMNS STARTINS HITH THE LAST COLUHN FIRSY
BUT U (LAST CNLUMN FIRSTY INTO TEMP AND THEN WRITE ON TARE
INR={
N0 585 K=1,N
JSN=K+1
DD 550 [=1,J
IND=IND+1
MI2=(M=-1)8(1=1)/2¢J
TEMPUIND)I=A(NI2)
550 CONTINUEF . )
KRITE(JTAPE) (TEHP(JS), 31, IND)
INN=D
565 NONTINIF
END OF STFP 5
S A S AT B R N A IR 2R I B T K RN AR AN BE L N AR AR SR S
STEP 6
FORM KU
READ K INTO CORE
READ I INTO CORE A COLUMN AT A TIME IN REVERSE ORDER
REPL ACE K RY XU COLUMN RY COLUMN SYARTING WITH THE LAST COLUMN
AND HORKING UP THE COLUMN
READ(HTAPE) (A(1),1=1,RMAX)
REWIND JTAPF '
DO 690 J.I=1,N
JeNet =}
READ{JTAPE) (TEMP(IL),1181.,)
an 690 11=1,Jd
I=1+1=-11
GUM=n N0
DO 650 K=1.,1
¥Ki=(MaKin(K=1)/2¢1
650 SUM=SUH+A(MKL)*TEMP(K)
IND= (Ml )a{]=1)/2¢)
1F(1.E0,.1) GO TO 4890
Kil=(M=1)e(1=1)/2
1=1¢1
PO 660 K=1,.J
Kik=K1+K
660 SUM=SUM+A(KIK)®TENMP(K)
680 CONTINUE
ACINR)=SHM
690 CONTINUE
END Of STFP 6
NI EEEEEEEEENTENE I B I I B IR N I Y I IR SR K S T R B I
STEP 7
FORMC (I )TNVERSE YaKl
KU [8 IN CORE
READ [N | COLUMN BY COj UMN AND CALCULATE ((L)INVERSE)#KU
R0W RY RNW
CALPULATE THF FIRST ROW
REWIND NTAPE
READINTAPE)Y TEMNP(1)
DO 710 1=1,¥
710 ACT)=ACI)Y/TFHP(T)
NOH CAICQULATE THF RFST OF THE ROMS

iy Bv v}

-
-
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" 3
unen i !
00 799 [=2,N .
RFAD (NTAPE) (TEMP(JS),ddat, 1) %

\ NG 799 J=I,R ' 5

: INP=IND+1

: Ji=1-1 i

¢ SUM=0,No : i

' DO 750 K=1,J4J
) KK?2=(M=K)a(K=1)/24
, 750 SUM=SUM+ TENP(K)#A{MK2)
s 799 A{IND)=(A(IND)-SUM)/TEMP(]) -
Y STEP 7 1S COMPLETE
G 2 2 8 % 8 % % & % & & & % 8 % & % & 8 % 8 8 2 % 6 4 8 8 2 88 8% 2 80
n STEP R LA
f NETFRMINF FIGENYALUES AND EIQENVECTORS OF THE NEW MATRIX
t CHANRE THE SIGN OF & IN ORDER TO OBTAIN THE SMALLESY
N FIGFNVALUE FIRST
no 860 I=1,NMAX
800 A(T)==A(T)
CAIl BIGMAT(A . VALU,TEMP,B,C,D,E, IDUM,N. NFIB,NVEC, HTAPE)
" CHANGE VALU BACK
0O 850 i=1,NEIG
850 YALU(CI)Y==VALU(I)
€ STEP A 1S COMPLETE
T® % &8 % 86 8 8 % 5 % & 2 & 858 2 3 2 % 0 88 2 8 % 8 8 3 % % 8 8 0 & & o
e STFP 9
e CHANGF FIGENVECTNRS RACK
c
M
N

| St

-

o

REAR 11 {NTO CORE BY RONS
REAN UNCHANGED EIGENVECTORS INTO CORE ONE AT A TiME
CHANRE AND PRINY EIGENVECTORS
IF(NVEC.FQ.N) GO TO 20090
KRITF(OUT,4001)
RFHIND ITAPF
READCITAPE) (ACI), I=1,NMAX)
REWIND MTAPE
REWIND ITAPF
| DO 999 JJ=1,NVEE
| READ(MTAPE) (TFMP(I),1=1,N}
‘ INN=0
‘ N0 910 I1=1,N
SUM=0,n0
DO 9n9 J=1,N
IND=TIND+1
909 SUM=SUM+ACIND)*TEMP( )
910 TEMP(1)=SUM s
e NOPMAL1ZF THE EIGENVECTOR
SUM=TEMP(1)
D0 939 17=2,N
[FCARS(SUM)=-ABS(TEMP(I1))) 936,939,939
938 SUM=TEMP(IT) :
939 CONTINUE
IF(SUM) 940,947,940
940 CONTINUF
N0 941 [1=1,N
TEMP(IT)=TEMP(TT1)/SUN
941 CONTINUE
| 947 CONTINUE
KRITF CITAPE)(TEMP(1),134,N)
999 WRITF(OUT,4000) JJ,VALUCIS) ,(TEFPCT),121,N)
¢ STEP 9 1S COMPLFTE

l.,.«.-a.
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Co # « 2 % 8 32 8 2 # & » 28 8 235 8 8 % ﬁ @ % B DB OO SRR FS
66 TN 2000
4000 FORMAT(1HO 2X,18HEIGENVECTOR nurs!s 15/1zx.17u CORRESPONDIHG TO
11PF15,7/701H. 2X,1P6EL5, 7)) °
40061 FORNAT(1H1 2X, 42uE!rFNVALuEs AND EIGENVECIOHS OF VHE SYSTEM //7)
4007 FORMAT(1H1,38X, ?7HTHE MASS PATRIY !s SINQULAR  //7)
1090 WRITE(OUT,4002) ]
2000 RETURN
END
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FORTRAN DFCK

IS A DUMMY VECTOR WITH STORASE N OR ¥
T 1S A DUMMY VECTOR NITH STORAGE H OR M
N=NO. 0F NORMAL DISPLARENENTS

M=NO. OF ROTATIONAL D,0.F.

NTPF CONTAINS K11 MATRIX

HIPF CONTAINS K12 MATRIYX

TTPF SORATCH TAPE

KTPF STORES K12#K22e8(<1)

A TNITIAILY CONTAINS K22

D>

REDUNER STIFFNESS MATRIX IS STORER ON ITPE
SURRNUTINE ZRONAK(A,E,,N, N, M NTPE, MTPE, ITPE,KTPE)

DIMFNSTION A(1)»R(1),C(1),D(2)
DOUBIE PRECISION StiM,Dpi,hP2
CA{L SYMINV{ ALH)

REWIND MTPE

REVWIND 1TPF

REWIND NTPF

RFEYIND KTPE
NMAX=Na(M+1)/2
MMAX=Mu{M+1)/2

noe in kK=1,N .
READCMTPE)Y (B(I),1=3,#
ICNT=0

no 10006 IK=31,M

JJd=1K

JK=1K

po 20 J=gds M
ICNT=ICHNT+1

CNI=A(CICNT)

JJd=Ji-1

JATHM

in=ikK

Do 30 g=1,4J

IFCLILFO.0) GO TOo 30
CCN=a(IMm

JA=JA-1

(D=1In+ A

CONTINUE

SUM=h_ 090

po 50 J=i,M

DPI=R{.))

np2=0(J4)

SUM=SUM+NPL1eDP2

D(JK)I= SUH

CONTTHNUE

WRITE (ITPEY (D(J),Jd=1,H)
KRITF (KTPE) (D{j),J =1 M}
CONTINUE

RFUIND ITPF

REHIND MIPE

REWIND NTPE

REWIND KTPE

READ (NTPE) (A{J),J=1,NMAX)
ICNT=0

b0 60 Kk=1,N

-158~

GENERATES REDUCEN STIFFNFSS MATRIX FOR QONSYR

1S A DUMHY VECTOR KITH STORABE N OR M {LARSER)

1S A DUNMY VECTOR WITH STORAGE Ne(N#1)/2 OR Ma(He1)/2 (LARQER)
(LARGER)

{LARGER)
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&0

70

60

READ (I1TPE)Y (D{J),Jd=1:¥M)
Kiz=KK

oo 70 Kd=1,N
READIKTIPEN(C(I), g1, M)
KP=K.!

IF(KP.LT.KI) G0 10 78
SUM=0,.6BN

po 8n KR=1,M
PI=N(KR)

PP2=C(KR) :
SUM=SYyM +DP1«pP?2
ICMT=ICNT+1

SHM=StIM
ACICNT)=A{ICNT)=SM
CONTINUE

REWIND MTPE

CONTINUE

REWIND NYPE

REWIND MTPE

REWIND ITPE

WRITFCITPE)Y (ACT)Y, 1=1,NHAX)
REWIND ITPE

RETURN

END

-159-

Ly

e e o



FORTRAN DECK

fe I

VZROMAN
MN=NO. AF NORMAL DISPLACENENTS
P=ND. OF ROTATIONMAL D,.0,F.
NTPE CONTAINS Mii MAYRIX
MTPE CONTAINS M12 MATRIX
1TPE SCRATCH TAPE .
KTPE CONTAINS KiZ2aK22¢af{wl)
-ens  REDUCED MASS MATRIX IS SYORED ON ITPE
SUPRNUTINE ZROMAMCALB, T, D, N, H.NTPE,MTPE, I TPE,KTPE)
DIMENSTON A(L)sB(1),C(1),D(4)}
DOHBIE PRECISION SUML,SUMZ2,RP1,DP2,DP3
NMASS=N
REWIND HMTIPE
REWIND ITPE
REWIND NTPE
REWIND KYPF
NMAX=Na(N+1)/2
00 18 KK=1,N i
READI(KTIPFY (B(1),]=1,M)
ICMT=0
DD 1000 IK=1,H
Ju= ¥
JK= 1K
DO 20 J=.J,¥M
ICMT=ICNT+1
20 CONI=ACIONT)
Jd=Jd-1
JA=M
in=1k
D0 30 j=1,44
IF(JI.FQ.0) GO TO 30
C{M=ACIM)
JA=JA-1
IN=1D+ JA
Jn CONTINUE
SUMi=0.n0
D0 50 J=1,HM
NP1=R(J)
pP?2=0(J)
50 SUMI=SUMI+DP1«DP2
RCJIKI=SUMTL
1000 COMNTINUE
WRITFCITPE) (DCJ)Y, d=1,M)
10 CONTINUE
REWIND 1TPE
REWIND MTPE
REWIMD NTPE
REWIND KTPE .
READ(NTPF) (A(J),u=1,NMAYX)
D0 60 KK=1,N .
READ(MTPS) (B(J),Jd=1,M)
READCITPF) (D(J),u=1,H)
DO 70 KJ=1,N .
READ(KTYPF) (C(J),Jdz1,M)
SUMi=9.DN
SUM2=0,p0
DO 80 KR=1,M
DP1=R(KR)
DP2=N(KR)

OIITIAINN
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80

70

6n

DPIZO(KRY
SUK1=S(H +DPL*DP3

SUMD=SUN2+GP24DF3

SM1=SUME

§MP=81IN2

IF(KJLOE KK} MH=(20KJ+ (KK=1)2(20NNASS-KK))/2
IF(KILBF.KK) ACHH)=A(HM) wSHE»SH5 .
IF(KJLLE.KK) MMz (20KK# (Kys130(2aRNASS-KJ))/2
TF(KJLLE.KK) ATHR)=A(HM) oS4

CONTINUE ,

REWIND KTPE

CONTINUE

REWIND NTPE

REWIND MTPE

RENIND ITPE

REWIND KTPE

WRITECITPE) (ACD),I=t,NMAX)

REWIND [TPE

RETURN

ENN
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AN ACNNTIND

"PUNC

DU A -

10

21

21
2?
23
24

75
50

FORTRAN DECK

FUNCHES FULL MATARIX IN (1P€812.53 PORMAT AND SEQURMCES CARBS

THF CALL PUNC STATENENT MUST BE IN A LOOP,
EACH ROW STARTS ON A NEN CARB.

£ 153 THE ROW VECTOR TO ¥g FUNCHED,

NS 1S THF FIRSY ELEMENT OF 4 TO 8B PUNCHED.

ME IS THF LAST FLEWMENT OF A 7O BE PUNCHED.

0 1S THE ALPHANUMERIC SDENVIFICATION COBE FOR THE NATRIX,

1C 18 THE SFOUENCE NUMRER FOR YHE FIRST CAR3 LESS ONE.

IC = 0, IF THE FIRST CARD FOR THE MATRIX !$S 78 BE SEQUENCED 1.

SUBRNUTINE PUNC (A.NS,NEsQs1€)

DIMENSION A(1)

FOPMAT(IP1E12.5,80%K,144,(4)
FORMAT(1P2E12.5,48X,1Ah4,14)
FORMAT(1P3Fi2.5,36X,244,14)
FORMAT(1P4E12.5,24X,1A4,14)
FORHAT(1IPSEL12.5,12X,844,14)
FORMAT(1PSE12.5,1A44,14)

NT=NF=-HS+1

NG=NT/S

NC=NAa§

H1=NS

N2=N1+5

IF(NT,LT.86) GO YO 20

DG 10 i=1,Né

IC=IMe+t

PUNCHS, (A(1),1=N1,R2),0,1C
Ni=N?+1

H2=NZ+6

IF(NT.FO.NC) GO TO 50
NO=NT-NC

IC=1C+1

GO TN(21,22,23:,24,25):N0
PUMCH 10(‘(!).'3N10NE)50.IC
80 Tn %9 ,
PUNCH 2, (AC1),1=N1,NE},DQ,1C
6N T0 %0 ,
PUNCH 3.(*(!):‘3"10“5)0031(:
69 10 50 .
PUNCH 4,(AC]1),1=N1,NE),Q,1C
60 TN S0 .
RETURN

END
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5010
5015
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50290
5025 |
5930 L
5035

5040 .
5045 !
5050
5055 .
5060
5065 =~
5070
5975 |
5080
508%

5090 l

| RPN

5095
5100 -
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5110 :
5115 .
5129
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313 |
5136 ~
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$ FORTRAN DECK
CRIGMAT

C PREGVAUTHORS HQELSON AND R E;FUNBERLIG:CENTRAL QA?A PROCESSING,4,1.4% B16GNES2J

SURRNUTINE BIGHAT(AoVALU.V‘LL:UPP!RUoB!‘G,V:T,!NTER.“N’NE!BaNVEGo

1MTAPE)

DIMENSION A(1),VALUL1), YALL{1), UPPERD(1),D1A8¢1). V13, T(NN.3),

1INTFR(1)

RENIND MTAPE

NZ=0

N=MN S
IFIN,LF.2)60 TO 49

NP1=MNel

WMi=N-1

NMP=N-2

NT?P1=Ne2+}

IX=0

po 18 1=1,NM2

SinMA2=0.

PP1=1e+¢

PO 1 S=1P1,N

1d=1%2y
SIGMA2=SICMA2+A(1J)ea2
SIAMA=SORT(SIGHA2)

112X

NIAGCI)=A(E])

TIPI=]Xe143
UPPFPN(1)==SICN{SIGMA,ACTIIP3))
1(1,2)=S16MA2
IFCARS(SIGMA) .GT ARSCACITIPLIY)IBA 1O 2
UPPERD(1)=A(11PY)
A{tIPE)Y=n,

G0 70 10
ACTTIPLI=SORT(1.+ABS(A(TIIP1))Y/SIOMA)
SOTEAM=-SIGN(SIGHASACITIPL), UPPERD(I))
IP?2=142

DO 3 J=1P2.N

1d=1Xell

AT =ACTI)/SOTGAM
JKiz=Ta(2sN~1-1)/2

JX=Jk1

T1x=0K1

N0 5 J=IP1,N

VALL(J)=0,

JK=JK1+¢ 4

PO 4 K=1P1,J

1K=]1X+K
VALLCJ)=VALLODI+A(JKI#ACTK)
JK= KNk

IF(J.EN.N)GOD TO 6

CAIL LOOPL(JU+2,NPL,VALI (J)-ACIXD,ACTIX))

JX=UYeNe, |

DELGAM=DN.

no 7 J=jP1,N

INER B £ N

NEI GAM=DFELGANCA(TJ)aVAILLY)
N602=,.5aNELGAM

N0 8 J=1P1,N

1J=1X+J

T 1) =2VALL{D)=NG02#AC 1Y)
no 9 11=1P1,N
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BigMN029
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BI6MN034

RIBMAO3S |

BIGM0NO36
BIGMNGS?7

BIGMNO3S

BIGMNO39
BIBMGD40

BIGMOO42
BIGHNO43
BRIGMNO44

BIGMOOD46
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272
23

24

25
26

1ri=1xXeil

CAl L LﬂﬂP?(A(ilX)o&(!X’o?(“!ai)a?(l!oi)oﬁ(!‘*)oB'*i:“'i’

T1%=11XeN=11

[X=1XeN~1

M=Ne({Ne1)/2
UPPERD(RMLI=A{H-~1)
T(NM1,2)=UPPERD(RME )oe?
NIAGINMLIZA(H=2)
NDIAGINY=A(NM)

FNURN=AMhX1(ARS(DXAG)*ABS(UFPERD).Aﬁi(ﬂll&(ﬂ)

o it (=0, NM1

FNR!MPSARS(D‘AB(l))éABS(UPPPRD(!)7°hBS(UPPEﬁD41-!))

IF(FNRTMP.GT.FNORM)ENORMBENRTHP
o 172 1=1,NF1G6

VAL U(1)=F NORM

VALL(1)=-ENORM

no 24 1=1,NFIG
ROGT=,5a(VALUCTY+VALLIT))

IF(RNOT.EO.VALL{T).0R.ROOT.FQ.VALU(I))BO TO 24

NAGRFE=D

PM2=0,

PM1=z1,

no 21 Jds=i,N
1F(PM2 . NF,0.)60 TO 15
PMI=SIGN(L.,PHY)

60 70 17

IF(PML . NF,0.0) 60 TO 17
P==-STGN(1.,PMN2)

PH?2=n,

IF(T(J=-1.2)) 18,14,18
P=NTAG(J)=ROOT~T(J=1,2)ePM2/PHN]
pPM2=1,

IF(PY121,19,210

PM2=PM1

[F(PM2)21,20,20
NAGRFE=NAGREE+1

PMI=P

NG 23 J=1,NFIG
1F(J.LE.NAGREF)GO TO 27
IF(VALU(I)LLELRDOTIGO TO 13
VAL UCJ)=ROOT

66 TH 23

VALL(J)=ROOT

CONTINUE

GO 70 13

CONTINUF
IF(MVEC.F0.0)G0 TO 49
EPSI NN=FNORM#*1.F=-8
COMPL1=COMPL(1)

NO 4R 1=1,NVEC

no 2% J=1,N

vity=1,
TC¢4,2)=DTAGCJI)=VALUCT)
IF(I.EN.NIGD TO 26
1(.1,3)=UPPERD(J)
T¢4+1,1)=UPPERD(J)
T(N,3)=06.

no 29 J=1,N

1FCARS(T(J,2))e LT 1 E=17)T(Js2)3EPSLON

T4, )'-'T(Jo?)

Y+ABS(UPPERD(KNL) )

BIGH2059 ! ;

BigNMA06L
BIAMNO62
BIGHNOBSJ
BIGHNO0S4

BI0HNO66
BiBMN067
81GHNGES
BIGKNNEY
BIGMAGTO
BIGMNAT71
8i6M0072
BIOGNOGTI
BiGMOG74
BiG¥0075
BIGNOOT76
BIBHNO77
BIGHNOT78
816M0079
BIGMNDAQ
BIGMOGS]
B1GMA0B2
BiGK0O083
BIGMOO084

BIGHNOB6
BisMo087

B16HO090
BiGMOO9L
BIGHNO092
BiGMNO93
BIGMNG94
BIGMOOSS5
BIGMO096
BIGMA097
BIGMOO98
BIGM0099
BIGHO100
BiGMO101
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BI6M0103
BIGM0104

BIGMO106
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33
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4R
AS

T(:2)=27(4,3)

T¢J,3)=0,.

IFIJ.EQ.N)BD TO 30 VoA
INTFR(.§)=0

JPi=j+1
IF{ARS(T(JP1,1) ) LE.ABSIT(J,1)0)80 TO 28
INTER(J)=1 .

B 27 K=1,3

TEMP=T(J,X)

T(J:K):T‘JPloK)

T(.IP1,K)=TENP :
THILTP=T(JP1,1)/T7(J,1)
VALLOJ)I=NRCINTER(YI,ANNCTHUL TP, CONPLL))
TCIP1,2)=T(GP1,2)-THULTPeT(J02)
TOCIP1,3)=T(JP1,3)-THULTPeT(J,3)

ITER=1

pe 32 J=1,N

L=N+1-j .

VO 32(V(L ) =T(L2)aVIL+ )uT (L s 3)aV(L+2))/T(L,1)
VNNRMN=0,

B0 33 L=1,N

YNNDRM=VNNRN+V(L ) nse2
VNARM=SORT(VNORM)

DO 34 U=1,N

V() =V(J)I/VNORM
IFCITER.FQ,2)G0 TO 36

[TFR=2

DO 3% L=2,N

LMiz] -4

TRY=VALL(LM1)
IFCAMD{TRY,1).EQ.,0) B0 TO 35
VIEMP=V (LML)

VMY =V(L)

V(1 )=VTEMP

VL) =V =YALL(LKL) eV () K1)

68 TO 31
IF(YNORM.EQ.G,)V(1)=1,
T1X=(NeN=N=6)/?

no 37 KK=1,NM2

[TP1=N-KK

utv=n,

CAIL LOOPI(UTV,ACTIIX)-VINZ),1IP1+1,NP1)
CALT LOOPA(ALIIX),VI(NZ)Y,NP1,11P1+1,UTV)
TiX=1IX+TIP1=N=-2

WRITF(MTAPE) (V(ICH),InHa1,R)
CONTINUE

RETUPN

END
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FARTRAN DECK

SURRNUTINE LOOPI{JP2,KP1,SCAMPI,AJX,ATXD
DIMENSTON AJX(1), AIX(1)

N0 1 L=JP2,NP1

SGAMPI=SRAMPJ+AIX(L YOATX(L)

RETURN

ENRD

FNRTRAN BECK

SURRAUTINE LOOP2(ATIX,AIN,S,SI,ATIL, IPL,NPL)
DIMENSION ATIX(1),AEXN(1),5(1)
no 2 Ja=1P1,NP1
ALIXCII=ATIX(II)=ATTT2S{JJ)=SaATX(JJ)
RETURN .
END

FORTRAN DECK

SL00P3

]

C1LO0PA

SURRAUTINE LOOPIC(UTV,ATIX.V,11P2,NP1)
DIMENSTON ATIX(1), V(1)
Do 3 J=11pP2,NP1
UTV=UTVHATIX (D) 8V )
RETURN
END
FARTRAN BECK

SURRNUTINE LOOPACATIX, V. NP1, T11P2,UTV)
DIMENSTON ATTX(1),V(3)

DO 4 K=11P2,NP1

VIE)=V(KI=AETXTK)#UTY

RETIHRN

END
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185
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180
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FORTRAN DECK

AENERATES THE GENERALTZED ABROBYNANIC FORCES

FOR THE SYSTEW FROH AIC MATRICES

KKDISC CONTAINS XF « TRANSFORNED SYSTEW MORE SHAPES FOR COMPONENTS
KANISC CONTAINS THE &10 MATRIX FOR EACH COMPCNENT
MTRISC - SCRATCH TAPE
GAC =~ QRENERALIZED AERODYNAMIC FORCES FOR EACH COMPONENT,
BA - GENFRALIZED AFROBYNAMIC FOACHES FOR THE SYSTEN,

SURRNUTINE GENA (KKBISO,KADISC,MTBISC,VEL,MCOKP,HODE, NGOUP, HAT, NV,
INRFDU, AP, ASC, XF,LXFY,B)

DIMENSION NREDU{L)  XFPT(9,4), XFP(4,9),XF(97:9),8AC(9,18),048(9,18),
1B(1), VRL(L), XEAC(O,18),A10(¢46,80),%F7(9,97),AP(4,8),A0(40,89)

FORMAT(/// 1X,40UGFNERALIZED AERGOYHAHIC FORCES FOR 1/K = 1P1E11.4
1)
FOPMAT(1HD /(2E16.8,1X,2E16,8,1%,2E16.8,1%X,2E16.8))
Hez2aM¥0ODF
DATA 01/4HBENA/
REWIND mADBISC
0o 200 K=1,NV
REWEIND KKDBISE
REAR(HADTISCIVFL(K)
WRITF(8,1)VEL(K)
Pl 17% Sa=1.MODF
b6 175 KA=1,M2
GA(JA,KAY=0,0
No 198 1=1,NCONP
IF(T.EQ.NCOUP+1}BC TO 198
N=sNRFDUC(T}
N2=2aN
N0 176 JA=1,MODE
DO 176 Ka=z=1,M2
GAC(JA,KA3=0.0
READ(KKDISCY((XFIM, L)L =1, MODE), Mal1,N)
IFINAT.EN.?2) 6O TO 101
PARTITIONED AJC MATRICES (FROM <TRIP OR PISTON YNEOR!ES)
READ(MADISC) NPART
NSF=n
NSS=19
PO 190 J=1,NPARY
READ(MADISC) NS,NS2
READ(MADISC)IC(AP(JI,KK),KK=1,NS ),JJ=21,NS)
NSF=NSE+NS
DO 185 NF=1,MODE
LF=0
DO 185 MF=NSS,NSE
LF=LF+1
XFP(IF,NF)= XF(HF NF)
NSS=MSF+1
N0 1R6 JA=1,NS
DO 186 KA=1,MODE
XFPT(KA, JAY=XFP(JA,KA)
CALL CMULT(XFPY, AP, XFP,XFA,4,4,4,M0DE,NS,HS2}
DO 1R JA=i,MODF
B0 180 KA=1,M2
GAC(JA,KA)=GAC(JA,KA)+XFA(JA, KA)
CONTINUE .
60 T0O 106
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191

193

194

250

251

352

252

253

355

255

357

258

259

361

261

362

[F(NCOUP.EQ, 1) 6O TO 255

FULL AIC MATRICES (FROH KER“EE‘KU“G?!Q“ GR MACH -BOYX-- T“EOR‘ES’
no 193 JA=1,N Tra %
READ(H‘D‘SC)(AIP(J‘:K"OK"i NZ)

PO 194 JA=1,N

DO 194 KA=1,H%0DE

XFTCKA, JAY=XFUJA, KR . ' ’

CAtL CHMINT (XFT,AIC,XF, 0ACo97.60n00.ﬂ005.N»N22
g0 10 196

OPTION FOR AERCDYNAMIC COUPLING BEITHEEN TWHO CONPONENTS
fi=1+1

N=NRFDU(CI }+RREDBUCIT)

N2=2eN

po 2%1 JA=1,N

READ(MADISC) (AiC(JﬁoKB)aKAII;“Z?

NC=NRENUC(T}

NC?2=24NG

NCC=NREDU(TIT)

NC(C?2=2#NCC

NCT3=NC2+1

NCC4=NC+1

REWIND MTDISC

D0 275 Jk=1.,4

GO TN(357,355,357,361), %

DO 252 JA=1,NC

B0 252 Ka=1i,NC2

ACCJA,XAISATIC(JA,KA)

DN 253 JA=1,NC

DO 283 KA=1,M0ODE

XFT(KA, JA)=XF{JA,KA),

CAtL CMULT(XFT.AC, XFqXF‘ 97.40»8“.“035:“30“32’
HRVTF(NT"I??)((XF(JA.KA).Kﬁlloﬂﬂb!):lel NC)
60 10 362

D0 255 JA=1,NC

DO 255 KA=NCC3,» N2

| A=KA-NCCI+1

ACCJA,LAY=ATIC(JA,KA)
RFAD(KKDISC)Y((XF(HM,L)»1=5,MCDE),Hul,HNC)

CAlL CMULY (XFT,AC,XF,¥XFA,97,40,80,F0DRE,NC,NCE2)
KRTITE(MTDISE) COXFC(IALKA) ) KARS, MODE), JAR1,NCC)
60 10 367

RFWIND MTDISC

DO 258 JA=1,NCC

DO 258 KA=1,MODE

XET(KA,JAY=XF(JA,KA)
READIMTDISCIC(XFLJA,KAY,KA=S , MODE)» JAZ1,NC)

N0 259 JA=NCC4,N

LA=SJA=NCr4+1

N0 259 KA=1,NC2

AC(LA . XA)=AIC(JA,KA)

CALL CMULT(XFT,AC,XF, XFA-97,40,80,M0DF,NCC,NC2)
G0 T0 362
READ(MYDISCYC(XF(JA,KAY,KA=1,MODEY, JA21,NCC)
DO 261 JA=NCC4.N

LA=JA=NCC4+1

N0 261 XKA=NCC3,N2

LB=KA=NC(3I+1

ACCLA,IR)=AIC(JA,KA)

CALL CMWINT (XFT,AC,XF,XFA,97,40,80,M0DE, NCC.NGC?)
N0 262 JA=1,MODF
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262
275
1964

197
19R

197

199
200

DO 262 KA=z=i,M2
CAC{JASKAI=BACCJALKAY*YFAC(JALKAY
CONTINUE ) '

DO 197 JA=1,M0ODE

0N 197 XA=i, N2
CACSAKAY20ACJALKAY4BAC{IACKA)
CORTINUE

1€~

D0 399 JA=1,MNDE .
WRITF(A,2)(CACIA, KA)  KhxL,N2)
DO 192 KAz, M2

RIKAI=RACJIA,KA)

CALL PUNE (B,1,M2,0Q3,10)
CONTINUF

COMTINUF

RETURN

END
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4.0 ‘MOFA™ MODAL FLUTTER ANALYSIS PROGRAM

4.1 Theoretical Development

The flutter problem cenm be solved with either & collccation or .

normal-mode formulation. The collocation approsch is attrsctive if an accurate

stiffness and aerodynamic influence cosfficient matzix can be generated for
the system. The normal-mode method ssrits congideration whan mode shapes and
natural frequencies for the structure are known.
The equations of motion, in matrix notatjon, for a lumped para-
meter, linear system acted upon by aerodynamic forces is
[ X J )
[n] (h} + (k] {n} = (P} (4.1.1)

where [m] = symmetric mass matrix
[K] = symmetric stiffness matrix
{h} = control point deflection

{F} = aerodynamic force

The aerodynamic force matrix can be defined as a complex matrix
of osgillatory aerodynamic influence coefficients such that

(7} = ow?bls [ }in) 4.1.2)
where p= air density

w = osciliatory frequency, rad/sec

b.= reference semi-chord

8 = reference semi~span

[ph]"aerodynamic influence

coefficient matrix

wt

Assuming harmonic motion, {h} = {h} e 1 , the equations of motion become

~?[u] )+ [6] ) = o wBEs[e] ) (4.1.3)

*THe collocation method solves the flutter problem with the equations of motion

cast in this form.
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For the modal approach, the equations of motion can be uncoupled with the
linear transformation

{7} = [@] v} Ch.1.8)
where[@}is the modal matrix and {y} the normal coordinates. Substituting

Equation (4.1.5) into Equation 1,3) end premultiplying both sides of the
resulting equation by tﬁ“ﬁ’ we Sétai%

02 [¢jT [mj[&} {y} +'[<§f [k} [@] (o} = o w? b2 of0]" [cJB] {$} (4.1.5)

By virtue of the orthogonality of the modal matrix with respect to the mass

and stiffness matrix, DJT [:m] [¢]Jand [ﬂT Ek][}:]become diagonal matrices.
With the following definitions

[®] = [¢]* i:mj [@ju = generalized macs matrix
[x] = [¢] T [ ng f@_! = generalized stiffness matrix
EQ] = f wz b,? 8 ['b] T [C.h-_‘ [@] = generalized force matrix
[ = vye[e]" [e,][e]
Equation (4.1,5) can be written as

[x] + [al- -, (&) wi =0 (4.1.6)
w

Equation (4.1.6) can be written in a slightly different form by noting
the generalized stiffness matrix can be expressed in t:(ima of the generalized
masses and natural frequencies of the stpucture. If[w 7] is a diagonal matrix
of natural frequencies squared, rad“/sec”, then n

w 271 T="
HIS SIS (4.1.7)
and equation (3.2.6) becomes

(@ + [ "iz [wf; [._i] YWk g (4.1.8)

Adding artificial structural dawmping, g, to the system of equations, we
arrive at the classical normal-mode formulation of the fluter problem:

——d

(8 + [0-=EL e = o 419
W

or

([:'4] + [6] -xfwﬁ;l[ﬁ] ) (¥} =0 (4.1.10)
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|
Equation (4.1.10) cen be solved for the copplex eigsavalus) avd complex I
eigenvector {y}. From the complex aigenvalus (X =) ¢ 11 Mes ) the filutter
frequency 1s Tes &
! .
wf » W (‘ololl)
real
and the artificial structural damping is
Mnog (4.1.12)
real
|
.
%
i
]
N
f
A
k!
4
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| 4.2 Program Description

( Thae notation uaed in the cosputer program HOFA for Equstion
4.1.9 or 4,1,10 is:
Hij + ¥ Bij) - Xi ?i%} gqig L G.2.1
or
Aij - Ai Pi;] {Qi ; = 0 4,2,2
where:
n = number of genaralized coordinates (Max 20)
1 = rowindex, 1 <i<n
} = column index, 1 <} <=n
Hij = generalized mase matris
Bij = goneralized aercdynamic forca matrix
Aij = gum of mass and aero-matrices W 2
P11 = diagonal stiffness parssietar astrix o ﬁii —ﬁf i

/

F = factor for smero matrix

= modal frequency

=
¥

" reference frequency, usually wl or Ha

ro———

The sum of mass and aero-matrices, Aij or the generalized mans Hij' and

the generalized force Bij’ cust be imput. The stiffness parameter P, may be

is
l input or computed by inputing Wy the modal frequesncies amd the diagonsl
generalized mass matrix Hii (1f the generalized mass Hij i8 not input). In

! addition to the complex Eigenvalues, the program computes the followiug:

real +1 A1ma

] 8
P flutter frequenciss = W_/ \’Z xreal)

artificial structural damping = Aimag/ A r

x A = Eigenvalues = )

e
n

2]
"

eal

l v

! A vibration analysis may be performed by entering zere aerodynamic

flutter velocity = wex ref. chord/Strouhal No.

forces, and zeros for all parameters associated with determining the

aerodynamic forces.
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4.2.1

PROCESSING INFORMATION

A.

B.

c.

Oparation~Standard FORTRAN IV Processor System operabls
on the GE 635 computer.

Core Storage - The program MOFA requires a minimum of
20,000 memory units for execution.

Tape Unite - Standard iaput and output tspes.
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4.3 Input Instructions

i The following instructions describe the input data, the physical
units and the input format to be used.

. Title Cards ~ 2 title carde are required at beginning of each
computer run.

Item 1 Control Card Format (1513)

B 4

B Column 1-3 4-6 7-9 10-12 13-15 16-18 16-21 2
) Name wr br WDEGA Mij Mii Wi Pii ,
N Field (1) (2) (3) (4) (5) (6) (7)

~

. Column 22-24 | 25-27| 28-30 | 31-33 |34~36 | 37-39 |40-42 |42-45

Name NOK F B 13 A 11

- Field (8) (%) (10) (11)

~

~
e s A bt Satisoncs B by

- (1) Input Reference Frequency
wr = l~Input
0 ~No Input

(2) Input Reference Semi-Chord i
- br = l~Input
0~No Input

(3) NDEGA Number of modes to be used in the analysis, generalized
coordinates (Max 20)

(4) Input Coupled Generalized Mass
2~ Input, all real elements
Mi = 1~1Input, both real and imaginary elements
i
0~No Input

(5) Input Uncoupled Generalized Mass
2~ Input, all real elements
Mii = 1~ Input, both real and imaginary elements
nput

i R i« = w

. Mii mus ~ei‘¢‘f1’1a ero if Mij =1o0r 2
(6 Input Modal Frequenéies
) W, = l~1Input
i
O~No Input
b (7) Input Stiffness Parameter 4
Pii = 2~to be computed. In Item 1, (1), (4) or (5), and (6)
must be input or available in core from previous problem

1~1Input
0~ No Input
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(8)

9

(10)

(11)

Input Reduced Velocity
NCK = 1~ Input
0~No Input (Vibration Analysis)

Input Factor for Aero Matrix
F = 1~Input
0~No Input

Input Aero Matrix
2 ~Input, by rows loaded in a continuoug manner (to
accommodate the output from programs in Vol., II)
Bij = 1~ Input, by rows — each row starts on & new card
0~ No Iaput

Input Sum of Mass & Aercdynamic Matricies
2 ~to be computed. In Item 1, (4) or (5) (9), and (10)
must be .input of available in care from previous propblem
Ai 5 = 1~ Input
O~ No Imput

Item 2. Reference Frequency, Wr’ Format 1F12.8

Column

Name

Field

1-12
©

Y

0]

W, must equal the value used when computing the unsteady generalized
aerodynamic forces (RAD/SEC). '

Item 3. Reference semi-chord, br’ Format 1E12.8

Column

Name

Field

1-12

b
Y

(1)

br mugt be same units used in calculating aerodynamics

Item 4.
If in Item 1, M

Column

Name

Field

Coupled Generalized Mass Format 6E12.8
14 = 1, use the following format
1-12 13-24 | 25-36 37-48 49-60 61-72
ReMy o M0 [ReMy o [TM 5 D) NDEGA
1) (2) (3) (4) (5) (6)

Continued on next card if NDEGA > 6
Start each row on a new card

i,j

1,]

IM

= The Real Part of M

i,]
The Imaginary Part of M
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(pseudo~IM = 0.0 in all cases)
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Column

Name

If in Item 1, Mij = 2, use :ﬁs follouwing format

1-12 13-24 25-36

61-72

My | M2 [ M,

M, NoEGA

All mase elements are real numbers.

if NDEGA>6.

Continue on next card

Start esch row on & new card.,
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Column

Name

Field

Column

Name

Column

Name

Field

Column

Name

Field

Item 5. Uncoupled Generalized Mass Forvat 6EL2.8
If in Item 1 Mii = 1, use the following format

1-12 13-24 25-36 3748 49-60 61-72
tee
ReMl,l IMl,l ReM2’2 IMZ,Z IMi,i
(¢5) (2) 3 ) (5) (6)
i=1,2, °°°"" NDEGA
Continued on next card if necessary
ReM s The Real Park of M
i,1 i,i
IMi i = The Imaginary Part of Mi " (pseudo-I¥ = 0.0 in all cases)
? b4
If in Item 1, Mi { = 2, use the following format
b4
1-12 13-24 25-36 €1-72
Tty
M1 M, 2 M3 3 B

Item 6. Modal Frequencies Format 6E12.8 (RAD/SEC)

1-12 13-24 | 25-36 37-48 49-60 61-72

(XR) tey tee
My My “\DEGA
(¢))] (2) 3) (4) (5) (63
Continued on next card if necessary
Item 7.
1-12 13-24 25-36 37-48 49-60 | 61-72
1t
RePl’l IPl.l Rel’z’2 IP2,2 IPii
(1) (2) (3) (4) (5) 6)
RePi”i is the Real Part of Pi,i
IPi 1 is the Imaginary Part of Pi N (pseudo-IP = 0.0 in all cases)
» N ’

where 1 = 1,2, "°"°° NDEGA

Continue on next pard if necessary until IPLNDEGA is entered
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Column
Name
Field

Column
Name
Field

Column

Name

Field

Item 8. Reduced Velocity, Format 1E12,8

1-12 .
1/K
¢9)

1/K = Reciprocal of reduced frequency used in calculating the
unsteady aerodynamic generalized forces

Item 9. Aero Matrix Factor Format 1E12.8
F = Nondimensionalizing factor, F ¥ 0

1-12
F
)

F depends on method used to calculate aerodynamics. _
If the programs presented in Volume II are used, F = 1/nw

2

where n = 1 when the generalized mass matrix is cal-
culated for the entire vehicle (nonsymmetrical mode shapes)

n = 2 when the generalized mass matrix is calculated for cne half

the vehicle (symmetrical or anti-symmetrical mode shapes)

n = 4 when the generalized mass matrix is calculated for 1/4

the vehicle (anti-symmetrical mode shapes of crusiform planforms).

If the generalized aerodynamic forces are obtained from COMSYN,
F = the non-dimensionalizing factor for the aerodynamics,equals

brzs, where s is the semi-gpan,

NOTE: The air density, p , should be included in F for altitude

variation, if not already considered in the aerodymamics.

(Length units should be consistent with br')

Item 10. Generalized Aerodynamic Force Matrix Format 6E12.8
Input by Rows

1-12 13-24 25-36 37-48 49-60 61-72
11t 1t
REBl,l IBl,l ReBl’2 IBl,Z
(1) (2) (3) (4) (5) 6) |
ReBi,j = T:e RealiPart of B_j_,j
IB = T I Part of B
1,1 e Imaginary Part o 1,3

Continue on next card if necessary until IBl,NDEGA is entered

Start each row on a new card if in item 1, BiJ =1
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Input By Rows.

Item 11, Sum of Mass and Aerodynamic Force Matrices Format 6E12.8

Column 1-12 13-24 25-36 37-48 49-860 61-72
Name ReAl’l ml,l ReAl’z 161’2 1 tee
Field (1) (2) (3} (&) (5) (6)
ReAi’j = The Real Pzrt of Ai,j
IAi,j = The Imaginary Part of Ai,j

Continue on next card if necessary until IAl NDEGA is entered,
Start each row on a new card. i

The basic use of the contrel card is to minimize input when stacking
cases. Once program has been initislized, you may use information from
previous case by entering a zero or leave blank on the control card the
quantity you want to use from the previous case. Any new input, indicate
input as such on the control card and input that quantity. Any number of
cases may be stacked. A control card must be present for each and every

case.
[

4.4 Program Output
All input, computed data and results are printed.
The complex eigenvalue problem is solved by the subroutine ALLMAT,

The flutter results are presented in tabular form, the units being
consistent with the reference semi-chord used in the input. The output

frequency is in radians per second (as required for input), and the velocity

is in inches or feet per second depending upon the units of br‘

4.5 Sample Problem

A sample problem is presented; the input data is presented on the
first page of the computer output. The control card input is shown helow:

1-3 | 46 | 709 l10-12 1315 |16-18| 19-21 |20-24 |25-27 |
Wr br NDEGA _Mij Mii wi Pii NOK F ,
1 13 2 0 1 2 1 |1 \

2 2

,.28-30 | 31-33 | 34-36 | 37-39 | 4042 | 4345 2
B, A

it | My :

— 2 2

The punched output of the sample problem in Section 3.6 is used
as input in MOFA,
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