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FOREWORD

This report was prepared for the Naval Air Systems Command, Washington,
D.C., under contracts N00019-81-C-0395 and N0O00O19-84-C-0123, "Computer Code for
Flutter-Critical External-Store Configurations". Funding was provided via
br., Daniel Mulville, AIR-310B. The contract technical monitor was

Mr. George Maggos, AIR-5302C.

The report consists of three volumes. Volume I, entitled "User's Manual',

roovides instructions for using the ESP program and presents descriptions of

tvpical output. Volume II, "Final Report on Program Enhancement and Delivery",
dvscribes the work that was performed under the two contracts, A listing from

.. CDC compilation of the program is contained in Volume II1I, "Program

“ompilatien”. - 4
- =

ihe contributions of many individuals to the successful completion of the

!
L viitrvacts are gratefully acknowledged. Ms. Ann Marie Novak performed much of ]
%]- -ne work required to convert the original IBM code to a CDC version. Highly ;
‘1ivable consulting support was provided by Mr. Richard Chipman, the primary .VA_J
s developer of the original ESP version, and by Mr. Dino George and Dr. Joel ?ﬂ

ilurkowitz, key developers of FASTOP. Assistance on computing problems was

iovided by several persons at Grumman, including (in alphabetical order) Mr.

" siarles Bores, Mrs, Linda Ehlinger, Mr. Joel Halpert, Mr. Luke Kraner, Mr.
: . arild MacKenzie, Mr., Mario Mistretta, Mr. John Ortgiesen, Ms. Florence ‘N<?
inpineimer, and Mrs. Noreen Wolt. Key contributions to making the ESP )
coeram operational on the NADC Central Computing System were made by Messrs. ]
o sobert klchey and Howard Ireland of the Naval Air Development Center. 3
a “wativ, Mr. lLouis Mitchell of the Naval Afr Systems Command provided valuable 'i !!
! avipht icto program features which would be important to practicing flutter T

ite, and also provided helpful suggestions during the preparation of this
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1 - SUMMARY

A pilot computer program for determining flutter-critical external-store

: configurations has been developed and made operational on the Naval Air
2 Development Center Central Computer System. The new program, designated ESP
(External-Stores Program), is a derivative of the previously developed Flutter ) ‘i
And STrength Optimization Program (FASTOP). !
El Three kev ingredients in ESP are: ?
a o A p-k flutter-solution algorithm that includes an automated procedure -

1 for defining the flutter speed.

. o A calculation of the derivatives of the flutter speed with respect to
the store parameters,

E - 0o A gradient-directed numerical-search algorithm to seek out progres-

sfvely lower flutter speeds within a parameter space defined by the

b range of store parameters at each aircraft store station.,
b‘ A restart capability 1s available for continuing a search following a
visual review of the search status after a run, Also, an analysis-only option

permivs a user to aveld the inclusion of input data required only for perform-

f Irg & store-parameter search., To facilitate the introduction of data required

ivr ~ne dvnamic {dealization of an aircraft, an automated interface has been
develsped between ESP and both the COSMIC and the MacNeal-Schwendler

forporation versions of NASTRAN,

‘The version of ESP that exists as of this writing was developed primarily

itk vhe obiiecrive of quickly evalua~ing the feasibility of the store-search

neepi . The program structure has not been optimized for minimum computing
1 not @il options in the program have been checked. Thus, the current
it verslon sheuld be constdered as a "pilot" code. Nevertheless, the unique

apabilivies of ESP hiave been shewn to provide substantial advantages over
©i- sioas approaches to the store-flutter problem. Therefore, this user's
rerra. wias prepared to permit early util{zation of ESP on practical problems.
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2 — INTRODUCTION

During the development of the initial version of the Flutter And STrength
Optimization Program (FASTOP), Reference !, under contract F33615-72-C-1101
trom the Air Force Flight Dynamics Laboratory, Mr. Keith Wilkinson, the
preject engineer on that contract, recognized that much of the technology
beding used for minimum-weight structural resizing in FASTOP also had the
potential for substantially reducing the time and cost required to determine
wiidoh combinations ot wing-mounted external stores would result in the lowest

trocalt flutter speeds.

subsecuernt lv, under contract N00019-76-C-0160 from the Naval Air Systems
Torpand, as well as a complementary Grumman Independent Research and Develop-
m_nt project, a search algorithm for wing/store flutter was developed, refined,
1 tested by modifving and expanling the FASTOP code (see References 2 and
Wien this development effort led to a pilot program that exhibited both
<t retiabit{ty {absence of search failure) and good convergence character-
ties, wort wis continued under a second NASC contract, N0O00O19-79-C-0062, to
il teatuces desirable for practical applications and to demonstrate the new
futernal-stores Program (ESP) on a representative attack aircraft and its
“oiared stare inventory (see Reference 4). The project engineer on these

X}

“wudt s owas Mre, Richard Chipman.,

with the performance and the advantages of the store-search procedure
vt heeo confirwed, utilization of the procedure on current aircrafre

'

cois hecare desirable,  To permit early availabilitv of ESP to practicing
oavalvets, and to increase the applicability of the program to madern
frorart with thinner, more flexible wings, the following additional
{1ken nader contracte NOOOIG-81-C-0395 and NOGULT9-84-0-0123:

") Severat technical enhancements were introduced, including:
An Increase from 20 to 40 in the maximum number of modes that can
he valculated ip o vibration analysis and used in a flutter
analvsis

Fooviaian ter including rigid-body modes
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Logic for eliminating modes from a flutter analysis based on
ratios of generalized forces to generalized masses

o An increase from 6 to 15 in the maximum number of reduced veloc-

v

| ities at which generalized aerodynamic forces are calculated and
later used as a base for interpolation.

"y Logic was added to by-pass data required for store-search runs if

oniv a couventional flutter analysis is desired,.

}-: i) The pilot code, previously available only as an IBM version, was -
;:. converted to a CDC versicn compatible with the Central Computer 1;
! System at the Naval Air Development Center. This included a sub- _4

stantial reduction in computer central-memory requirements. ‘E

1 (%% A capability was introduced for reading the dynamics-model input
matrices either directly from NASTRAN output files or from card

b images.

e

!
——y

] (3 Tris user's manual was peepared.

] '+ avoid unnecessary duplication, the content of this report complements

irte.ced to be used in conjunction with prior FASTOP and ESP reports.

h : dosoviptions of {nput data common to FASTOP and ESP, the reader is re- -j

: o ed oo Voluame IT of either Reference 1 or Reference 5. Theoretical docu- g

3 voarim ot the vitration- and flutter-analysis methods is contained in ]

« + uf Reference 1. Thecretical documentation of the store-search .

() e s contained in Reference 4. 11

]

"o worsion of ESP described in this report was developed for execution j

umputing equipment having extended-memory capability, and most of the y

o . .~.on ¢ontained herein should be applicable to any such installation. .i

r *he fnfoimation on control cards in Section 4 is written specifically o i

E' n Yoegnipmernt and NOS operation system at the NADC Central Computer ‘Y
L
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3 - PROGRAM OVERVIEW

The Fxternal-Stores Program (ESP) performs a gradient-directed numerical
search to determine those combinations of external stores that are most
flurter-critical for a given alrcraft design and flight condition. The search
iz pertormed in a parameter space defined by a user-specified range of possi-
e srore properties (including both mass properties and on-diagenal pylon
tiesibhilities, if desired) at each store station. A search step consists of a

iyt ion-mode analysis, a flutter analysis, a calculation of the derivatives
At tie tiutter speed with respect to the various store parameters, the
Jeteiminarion of a new set of store parameters, and, to start the next search
ster, a andification of the svstem mass and flexibility matrices based on
"here new parimeters. The search is started from a user-specified set of
.rre caramoters, and is continued until either a local minimum flutter speed
(v ot o o user-specified number of search steps has been performed. If
crntergotes o a minimum has not been achieved after the specified number of
2ts, a file containing recent values of key search parameters is saved to
«~t in continuing the search in a new job submission if desired. To
“soviite user assessment cof the progress made during a search, an auxiliary
switeas 0 ¢ 1 prepared, separate from the primary output to be printed, in

Pichoa o sarmary is given of kev parameters at each search step.

LIBRATION=ALUALYSIS MODULE

citraticn-analysis procedures in ESP are basically the same as those
Titter And STrength Optimization Program (FASTOP) from which it was
Vowever, the means of providing most of the dynamics-model input
v21 haz hreen changed to facilitate the transfer of this information
“roam mragrams other than the Strength Optimization Program (SOP) in
“oeeifically, there is now a direct interface to ESP from both the
¢ .+ the MarNeal=Schwendler Corporaticn (MSC) versions of NASTRAN for
Teslhdiiey matrix, two matrices containing the required mass data, and a
¢ displacements in the dvnamic degrees of freedom due to unit rigid-
¢ tacoments, A description of the steps required in a COSMIC or MSC
“ar van ro obtain these matrices in an ESP-compatible form is given in

A "he dyramics-model input matrices mav also be read into ESP as

-1
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“irid-image files, which could be created either manually or by a user-provided
Jat.orconversion program that is run following the execution of another
s ream program.
Uther ESP vibration-analysis-module changes from FASTOP include an
iease {n the maximum number of dynamics-model degrees of freedom (220 vs.
) oand vibration modes (40 vs. 20). Also, as a user option, rigid-body mode
G can be appended to the structural vibration modes for inclusion in the
iosvpeent flutter analysis; the maximum total number of modes is also 40. To
semino oo limited degree of user control over rigid-body dynamic characteristics
it rannet be modelled well or at all with the present capabilities of ESP
.., arvodynamics of nonconventional fuselage geometries, or flight-control-
vLlevts), nonzero values mav be specified for the zero~airspeed fre-
ot the rigid-bodv modes. This capability will provide maximum
“irowien vsed in conjunction with the capability in the flutter-analvsis
'previonsly available in FASTOP) for specifying zero-airspeed modal
oo ovavae=, Tt o 1s suggested that the input values be selected so that,
~in=d with the effects of the program-calculated aerodynamics, the
‘v debody charactevistics at velocities close to the flutter speed are
L A discussion ot the implementation of the rigid-bodv modal

sitw i the PSP vibration-analysis module is contained in Appendix B,

FOHRSANALTSTS MODULE

v otter-analysis procedures in ESP also are basically the same as
SNTOP L put agaln some significant changes have been introduced.
the increase in the maximum number of modes in the vibration-
thie corresponding number for the flutter-analysis module also
cocccad drom QU to 40, In addition, to address the much broader
“inecesd wejocities that must he used when rigid-bodv modes are
fiutewr 2ralysis, a change from 6 to 15 was made in the maximum
winced velocities for which generalized aerodynamic forces may be
¢ cectly and 'ater used as a base for interpolation. Related to

rycso . the pederalized-force interpolation accuracy test described in

Velume T1, page= 88 threugh 9', has been deleted, and the actual

(o
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number of reference reduced velocities to be used in a particular analysis is

now a user-specified quantity.

Another flutter-analysis-module modification related to the capability to
fnclude rigid-bodv modes was a change to a two-zone generalized-force-interpo-
lation method (one zone for high reduced velocities and one for low reduced
velocities) in the flutter-solution procedures. With this approach, no values
1 tre iudependent or dependent variable approach infinity for either very

b0 very row reduced velocities. This change 1s transparent to the user.
; g P

A now feature introduced into the flutter-analysis module is a capability
mtomatically eliminating from a p-k flutter solution any modes that
foo Loy wraritdicantly affect the predicted flutter characteristics. A mode
i mindted vhen the ratio of the modulus of the on-diagonal g¢eneralized-
cerm L the value of the corresponding generalized-mass term, is below a
“-=pecified value of that ratio for each of three airplane ferward velo-
i “ince the computing time used in the p-k solution is approximately
otvional to the cube of the number of modes, and, for problems with many
.

"o, 7he 2ok osolution time is a large percentage of the total time, utiliz-

peottic resture can significantly reduce computing expenditures.

AL (S I O

the wearch objectives of FESP and FASTOP are verv different, much of
coothe FSP flutter-~optimization module is new. Flutter-velocity
“t e are cilculated tor store mass, inertia, and center-of-gravity

<15 and pylon flexibilities for up to five store stations, and a
“oeetes mumerical search technique is used to determine the loca-
heoetnre-vavameter/pvlon-flexibility space at which the flutter

cteomae. N detailed description of the ESP search procedure and

! . ©oaleviavions is given in Reference 4, Sections 3 through 5.

T = 0N QR TON
Sttt chrective of developing RSP was to provide an automated
wobpre ey determining flutter-critical combinations of external
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.
© e, ihits program, like FASTOP, also may Le used in a conventional analysis -
]
ic 7 desired. By setting a single clue, program steps involving a search .i
venas<ed, and input data required fov searches can be omitted, P
4
{
’ RO RAMOSTATUS I
-
re eraion of ESP documented in this report, although enharced in
1. vworoCs from the version that existed at the conclusion of the work . b

n oseference 4, must still be considered a "pilot" code. The program
croere Fog o awoe been optimized fer minimum computing time, and, for the most
thase options actually used for the demonstraticen described in
S . tace oeen checked.,  For the options that have not been checked,
¢t effect have been included as footnotes to the rorresponding

cqection 5.2,

e tltons 1n
r




it i« noted that the data description tor FASTOP-3 given in Reference 5,

, pages 224307,

Al

is identical! to the description in Reference |

ot fYor KLUE(8) in Item 6 of the main-program data, which, as specified i
R 1 dummy variable in ESP. Therefore, the following text may be used ]
cotenctien with either of these references., To assist in cross- :
< enciny, the page numbers in Reterences | and 5 corresponding to each j
i wrouy ot data have been listed in the tollowing subsections immediately , .T
tive ' 1 titles, y
cata ratered Via Main Program é
"See also Reference 1, Volume 1!, pages 195-201, eor Retereunce 5, |

Solame 1T, pages 20027000

:
(R Tdentical to FASTOP. .

()

ntical ta FASTOP, ol

' notr enter store-search module, i.e., :
perform analveis only. A
Ceriorm ~tore search. Requires that KLUE(3) =
soond HLUF Ly o 4, -
vumeey varfable in ESP, s
rdentioel o FASTOP, N
vanmy o var abibe in BESP
‘\' ! ‘(1 ll‘ T’] ‘L}
[IRNY N }‘i
. ®
voiah e i FSE ’
+ i‘\l i'.‘ l\:\




o The first data group on each card should be nonblank; one or both of

the other two mav be blank.
A few additional comments on the dynamics-model matrices follow. First,
it i+ nroted that the modal-interpolation procedure in the flutter-analysis
rule requires that the input modal data be specified at points along a set
aranwise-orivated lines {(see Reference 1, Volume T, page &7). Therefore,
vie oaweanics fdealization used ro create the input matrices to the

sun-ardalvsis module should be defiped with this requirement in mind.

ihr
Neeond o the vibration-danalveis module in ESP cannot accommodate o
voitar mass matrix. Therefore, the masses at all dvnamics-model grid points
wiazery, and, at these grid points for which rotation deprees of
.- w1 oare used, the corresponding moments of irertia also must be nonzero.
T n, when NASTRAN i¢ used to define the TSP dynamics-medel matrices,

. irrices to be passed (using the procedures described in Appendix A) are
ti o~ cor.esconding to the "analvsis" (or "solution") set. Theretore, the
voih itenti{zat{on used must be such that the store degrees of freedowm are

sneerindent cocrdinates.
SaUART IUTUT-DATA FILEF

fao, v dunpnt dota to ESP ois to a considerable extent simiiar t« that
et o b nTuT in Reference 1, Volume 11, pages 195-279, the primdry
in the text helovw i ep data which is new for ESP. To avoid unneces-
Firge Hlocks of descriptive information for FASTOP which are
Are not uscd in ESP, are simply described as such.
crnss-referencing, the data-item numbers in Reference |
3 below, Whoer oo data irem that was previensly used in FASTOD
Aitaot Tor ouse An FEr, the asscciated variable 1ist and description
P b b rensidered to replace the information in Reference 1.

e “ene that have heen retained unchanged in ESP, a new

it e has heen piven to provide turther clariiication, For data

A
cwotar b vew e numbhev s have heen created be appending lecters
ccbate e ne e ed e PATTOE Teep numbers,
-
PP (Y NP NS DUy Sy N A —— u 5 o oot 2 (Y P
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tallow the dynamic mass matrix in Input file TAPE25. 1In the single input file
vsed for COSMIC-NASTRAN matrices (TAPEZ20), the following order must be adhered
o: flexibility matrix, mass matrix, rigid-body-displacement matrix, plug

rass matrix. Additional specific instructions for writing the NASTRAN files

ire contalned in Appendix A.

then the dynamics-model matrices are provided in card-image form, the
towing data-preparation instructions may be followed for all three
AL tees
. "o Fortran format sheould be (3(2I4,FE15.5,1X)). VFach group of three
qumbers in this format consists of a row number, a column number, and
an ¢ lement value.
+ AT marvix elements should be provided.
“he olements should be in consecutive order by row.
The firvet element of each row should constitute the first data group
anoa new card,
“ach card, except that containing the last element in each row, should
ttave a full complement of three data groups.
The cards containing the matrix elements should be followed by a blank

card.

sesired, tihe instructions just listed may be relaxed for individual
as follows:
Shilfry matrix:
Tro vow and column numbers are optional; i.e., the format may be
C3(RY,F1H,5,1X)).
yina!l blank card 18 not required.
TN
i nonzers metrix elements must be provided.
1t ¢l turee data greups on oo cacd may be blank, but each card
creot rthe lase (blank) card should have at least one data group.
e firet element specified fer each row should be on a new card.
-hoav=displacement matrix:
Aoonsera matrdr elements must be provided.

s v v tement-ordering recuirement,
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)
pertermed, the initially arbitrary values are replaced by new values computed
r' wirhin KSF based on data provided in the primary input-data file (see Ttems
, A
BU-RE in Subsection 5...7). Subsequently, these values are updated as the
seorch proceeds,
» oo eralvsis-only o ran, the inpet o data used tor o searobes, whiobh o includes
L =ty St re—mass and gy Tom-n lex 00Dt valoes 0 it reud Therefore,
STt came, e mass an o3RIty Dot rioes min st in the Store—mas
b vt e i sty pacaneters tect e Jdeasired o that oo Ao, wrman
Tl ettt e ot et led Wi rhir ESE s an ana e e s 0 et e e
AU vl ate g o boeure =1 is nor omer 1 vyt ot e [
RN ot e b are pasced to o rthe T ot ler cansi 1. m A0
P e ngmt s odh e degrees of freedom thiat currorrooe 0 b
oo s e bst e T r e including the plug motions.  Thae, rho ©ot
cooan vambe Y pow s el {n the flexibility and mase morrioL
e menmocuer oot o ture s e the rigid-body-displacement mas v
: "o e e vnanite semade ] matrices should be s v
clioe ~ e a0, AnL/1ho-in.
P b, rad, /bl -in.
v oL a=dn, Th-inL T
P e, \ T U TYY DAY TN
] tare ! previoocsl e sectoon o, the tonr dveamis s -model matrices
oo TR vta teom cre toe threo aars files. The tormat o~ o th.
Terothat provided by othe OUTPUT rovtice inothe TOSMIC
ot AN, thar providea by the CUTPU VG rentine o the
coarevabor Corparation (MSG) versien orf NASTRAN, 1 A card-image
cabed ootow, Teoa preat extent, the source ot each ¢t the four
T, COGMIC-NASTRAN, MSC-NASTRAN, ~r card-imagse riles) can be
o ol the source of each of the others. However, both mass matrices
"rosate sgurce, and, if any matrices are obtained f{rom COsMIC
> e tlexdinility matrix must bhe fram COSMIC NASTRAN, When the source
e arricoes in MUt NASTRAN v card Images, the pluyg mass matriy mu st
B
»
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‘2 the inboard direction, and positive Mx is associated with upward vertical

Jirplacement of the left side, These modifications produce a sign change in

\ .
O,

“1)] off-diagonal terms in the sixth row and column of Egqs. (4-2) through (4-95)

f Reference 4. The degrees of freedom that should adhere to the coordinate T

cvstem in Figure 5-1 are primarily those that are used at the pylon/store
atiachment points. However, for a wing represented structurally as a beam,

Yo Jevrees of freedom that are used for modal interpolation in the flutter-

9.

. !'vsis medule should be defined such that nose-up rotation in pitch is

‘rsidere ! positive when downward vertical displacement is positive.

-
! . S
‘._Au.t A_IA o

“hen a store-parameter search is being performed, certain elements in the
T i litv and mass matrices that are supplied to ESP may be arbitrary. For
v ilenibility matrix, the on-diagonal elements associated with the store
sooies of freedom are arbitrary, and, for the mass matrix, all store-degree-

e “roeeden elvments are arbitrary. Before the first vibration analysis 1is
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Flgure 5-1 - Storve Dyvnamie Coordinate System
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5 - INPUT-DATA DESCRIPTION B
5.1 - DYNAMICS-MODEL DATA FILES

As indicated in the previous section, there are four dynamics-model

matrices that must be provided to ESP from an external source:

o A flexibility matrix. This has been called KLLI in the {llustrative

NASTRAN DMAP alter statements shown in Appendix A in Figures A-2 and

A=G, -

o A mass matrix associated with the dynamic degrees of freedom other -. 3
than those that are assumed to be fixed when computing the flexibility ‘?
matrix., For brevity, this matrix will hereinafter be reterred to {

! »ixpiy as the dynamic mass matrix or mass matrix. The NASTRAN name ]
used for this matrix in the DMAP alter statements in Figures A-2 and ]

F- A-4 o is MLLW, - --.{

¢ A separate mass matrix for the degrees of freedom at the assumed

T frec~body support points. Following the terminology in Reference 1,

1 Volume 1, Section 7, pages 48 and 49, this will hereinafrer be

ﬁ]’ refrrrad to as the "plug" mass matrix., The name MRRW has been used ‘1

1 for this matrix in the illustrative DMAP alter statements cited abave. ;

f A matiix containirg displacements in the dvnamic degrees of freedom ]

[ 410 to urit rigid-body displacements at the free-body support point or i{'ﬁ

‘ piupg. This matrix is called DM in both the COSMIC and MSC versions of -.ﬂ"é
NASTRAN Rigid Format 3, :‘f’:""j

E Toer omatvix, as cead in ESP, is arranged such that the displacements in N .f

: tto warfous dvnamic degrees of treedom due to each unit rigid-body :}:‘:

’- Ararimement cccupy one row of the matrix. The rows should be ordered such " ‘.i

™ rovcadoeedy transtation modes precede rigid-bedy rotation modes. The ) E

ctorads muatrix is the >” submatrix in Eq. (7.15) of the reference

B ! ¢ . J

F

[ “eocwnamics-iredel matrices shonld apply to a half-airplane, and, for -

[i vt ey degrees of freedom, should be developed following the coordinate

E oronben In Figeve 5-10 0 This coordinate system is a variation of that

4 ignre a-1 o Refererce 4t To permit utilization of matrices from

b. v, waish o arve besed on a right-hand ceoordinate system, Y ic now positive

b
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3 As a final comment on the illustrative control-statement sequences, it is .

! .

F‘ aoted that the implied judgment concerning which files are to he considered ‘J

- : . i T
direct-access and which are indirect-access should be used for initial )

snidance only. Also, where there is a significant possibility that a file
conld be in either category, depending upon its contents for a particular

ipplication, thne direct-access option has been selected. This is especially

apolicable to TAPE24, the mass-matrix file. 1f this matrix is obtained from

“to MASTRAN, it can probably be considered as indirect-access, whereas, if it

= in card-image form, it might have to be direct-access.

\

L

H-k

.
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TAPEOB {s a composite of up to 15 files which contain aerodynamic-

fufluence~coefticient matrices (see note 1 on page 4-5) calculated at a
specific Mach number for the reference reduced velocities. 1n the
illustrative control-statement sequence for an analysis run, shown in Figure

4-1, AIC's are being created and saved, and, in the two search runs, shown in

Fipures 4-2 and 4-3, these AIC's are being used. The creation of AIC's in a -
separate initia! analysis run, rather than as part of a search run, is

generallv recommended, since, in a search run, the AIC's would be unneces-

arilv recreated during each step in the search. As a further measure to

¢ aserte computing time, it is suggested that the Initfal analysis run utilize

‘b % meichod for the flutter solution rather than the p~k method. A quantita-

1w iucteation of the savings to be realized from these guidelines can be

ctaived from Table 4-1.

the rifth rossible input file, read via TAPE47, is used only when restart-
. (xwe Figure 4=3). This file would have been created via TAPE48 as an i
curpnt file from a prior search or restart run. Additicnal information on )

ti.iw :ile is ¢ontained in Subsecrion 6.3, beginning on page 6-24.

'} to feur output fiies may be created and saved via ESP. In addition to
ine s10 file and the restart file which have already been discussed, there is
I ¢ Hie for obtaining plots of the flutter-analysis results, and a file
oot alaing a svmmary of kev parameters at each step of a search. The lartter
‘. ttalned vie TAPF4D as {llustrated in Figures 4-2 and 4-3. In most cases,
quis¥ interactive review of this file will permit a search to be restarted

wirh cootidence 1f required.

Yie o nlor file, which may be obtained from any search or analysis run, is
« to- 7ia TAPEAOQ, In a search run, the plot file contains the plotting
aepir tor all rlutter analyses performed during the search. The conversion .-lf
it plot file to actual hard--opv plots using an NADC CalComp plotter 1s o

acccms ished via a manuallyv complered request form. Therefore, this step

reen: e~ the assistance of an on-site NADC person.
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ihe two parameters on the ACCOUNT cards are a user number and a password,

«hich should be requested as described on page 1-22 of Reference 6.

an absolute file of the ESP program is accessed via the first ATTACH
41d,  The four digits in the file name designate the version of the program
;2 tvrms of the vear and the month in which it was created. The six-digit
¢»ond parameter on the pre ram ATTACH card designates the user number under
«iich the program absolute file is stored. The third parameter is the
«~wrciated password. Navy personnel wanting to run ESP at NADC may obtain the

“ast two parameters by contacting Mr. Robert Richey, Code 60412, Naval Air

v ¢ opmant Center, Warmiuster, PA 18974, (215) 441-1944,

‘nput data to ESP consists of a user-prepared card-image file read via

»02ih, plus up to five additional files depending on the options specified in

- 4

Mipkin File From one to three of these files - read via TAPE20, TAPE25,

TAPE’H - ceontain four matrices which together constitute most of the data -.'f
cocd to define the analytical model of the airplane dynamics. These are: ) “}j
ilexibitity matrix, a mass matrix associated with the dynamic degrees of i}

_cecdom other than those that are assumed to be fixed when computing the L

sahility matrix; a separate mass matrix for the degrees of freedom at the

ced free-body support point; and a matrix containing displacements in the

oy }

vvate degrees of freedom due to unit rigid-body displacements at the free-

]

Wy support point. Each of these matrices may be read into ESP in a form o
asistent with output from NASTRAN (either the COSMIC or the MacNeal- 1
wwendler Jorporation (MSC) version), or they may be read as card-image )
i .5, Matrices obtained from COSMIC NASTRAN are all read via TAPE20. '
T -2AanTRAN wmatrices or card-image matrices are read as follows: the flexi- .‘.
foi . wrtriw via TAFEZO, the two mass matrices via TAPE2S, and the rigid- N
dicpincenent matrix via TAPE26. In the illustrative control-statement k.';
vooos shown in Figuve 4-1 through 4-3, it has been assumed that all .
“toes oare coming from COSMIC NASTRAN, and therefore only TAPE2O is active, -]
i -MASTRAN or card-image matrices, the statements that have been com- ".’
tor st with asterisks would bhe activated in place of the currently active ]
oo crarement.,
@
-
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Table 4-1

Typical Central-Processor Times
for Major Components of an ESP Execution Run

Cyber 760
Function Problem Size CP Time

{(dec. secs.)

Yihration arnalysis 200 degrees of freedom 90
40 flexible modes

Comprte and save double-lattice 60 panels 60
cerodvnamic inflyence coef- 15 reduced velocities
ficients (AIC's)  and compute 8 modes i

ceneralized forces

-—

1
"o previously saved AILC'sT to 60 panels 6
~ompate generalized forces 15 reduced velocities
8 modes
b—werhod rlutter solutien 20 reduced velocities 1
8 modes
) 1 T 2 3
pook ometlcd flutter solution 40 velocities 70
8 modes
2 3 )
p-r rethod flutter solution 40 velocities 6000
40 modes
2 4
n-vomett o1 Jutter solution 2 velocities 3400
40 modes
Perdicariee calculation and 200 degrees of freedom 1
cehostep 8 modes )

6 store parameters

vt tiies saved are not AIC's but intermediate results of
Jdurion pracedure (see Reference 7, pages 34-35),

]

' Jenrarjons of dertvatives of generalized forces with

v te boed freovency,
forrel ster ivoaearch,
ooeeenent coarch steps,

L i . o o . :
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]
ESPRUNR s TXXXXyCM300000+EC709STPOO,
ACCOUNT » UUUUUU s PFPFPPP, :
RFLYEC=70, o=
ATTACH»ABS=ESP8501/UN=NNNNNNs PU=WWWWWWY . ®

ATTACH» TAFEOB=AAAAAAA.
GET,TAPE14=DDDDUDD. .
ATTACH,»TAFE20=CCCCCCC. R
XATTACH)» TAPE20=FFFFFFF ., Ay
KATTACH, TAPE25=MMMMMMM . -
XGET» TAPE26=TTTTTTT, ‘ |
GET,TAPE47=IIIIIII,
DEFINE» TAFE60=GGGGGGG.
COFYRF»TAPEOS,FLOBO1A.
COPYRF»TAPEOS,FLOBO2A, ~
COFYBF,TAPEOBSFLOBO3A. .
COFYRF s TAPEO8sFLOBOA4A. i
COFYBF» TAPEOB»FLOBOSA,

LOPYBF s TAPEOBYFLOBOGA, ]
COPYBF»TAPEOS,FLOBOZA, .
COFYBF»TAPEOB,FLOBOBA.

COFYEF»TAPEOBsFLOBODA.

COPYRF s TAPEOB»FLOB10A.

COFYXF,TAFEOB,FLOB11A,

COPYRF»TAPEOB»FLOB12A.

COFYRF +TAPEOS,FLOB13A.

COFYBF» TAPEOB,FLOB14A,

CGFYRF» TAPEOB,FLOB1SA,
REWINDIFLOBO1A»FLOBO2A,FLOBO3A,FLOBO4AIFLOBOSAYFLOBOGA,
REWIMDsFLOBO7A/FLOBOBA,FLOBOPAIFLOBL10ASFLOB11AFLOB12A,
REWIND,FLOB13A»FLOB14AYFLOB1SA,

8BS,

SAVE, TAPE40=5558SSSS.

$AVE, TAPE4B=0000000.

s i.e 43 = Typical Control-Card Sequence for Search-Restart Run Using

Previously Saved Aerodynamic Influence Coefficients.
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ESFRUNS» TXXXX»CM300000,EC70,STPOO.,
ACCOUNT »UUUUUUFPPPPPP.

RFLyEC=70,
ATTACH»ABS=ESP8501/UN=NNNNNN»PW=UWWWWWWUW .
ATTACH: TAPEOB=AAAAAAA.
GET»TAPE16=DDDDDDD.
ATTACH»TAPE20=CCCCCCC.

KATTACHs TAPE20=FFFFFFF.
KATTACH » TAPE2S=MMMMMMM.
kGET»TAPE26=TTTTTTT.
DEFINE»TAPESO0»GGGGGGG.,
COFPYERF,TAPEOBFLOBO1A,
COFYEFsTAPEOQO8,FLOBO2A.,
COPYRFsTAPEQOS8»FLOBO3A.
COFYBF»TAFEOBYFLOBO4A,

COFPYBF» TAPECGSB8»FLOBOSA.
COFYBF»TAPEOB»FLOBOGA.
COFPYBFyTAPEOB»FLOBO7A.
COPYRF»TAPEOB»FLOBOBA.
COFPYBF»TAPEOBIFLOB80O%A.
COFYBF»TAPEOB,FLOB10A.
COPYEF s TAPEOBYFLOB11A.
COPYBF»TAPEOB,FLOB12A.
COFYBF>»TAPEOBYFLOB13A.
CTOPYBF,TAFEO8,FLOB14A,
CCPYRBFyTAFEZ08,FLOB13A,
REWINDFLOBO1AYFLOBO2AYFLOBO3AYFLOBO4A»FLOBOSAYFLOBOSA.
REWIND,FLOBOZA,FLOBOBA,FLOBOFAYFLOB10AFLOB11AFLOB12A.,
REWINDYFLOB13A,FLOB14A»FLOB15A,
ABS.,

SAVE» TAPE40=8858855S.,

CAVE» TAPEAS=0000000.

#1guce -2 - Typical Control-~Card Sequence for Initial Search Run Using

Previously Saved Aerodynamic Influence Coefficients.

-—

e .
* .
DRV
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S5FPRUNAS TXXXX2CH300000

+EC70»STPOO.,

ACCOUNT »UUUUUU»PPPPPPF,

SF_PEC=70,

ATTACHsABS=ESF8501 /UN=NNNNNN,PW=WUWWWWWW.

GeY,»TAPEL14=0DDDDDL,
ATTACH» TAFE20=CCCCCCC.
tATTACH» TAPE20=FFFFFFF
A3TTACH, TAPE2S=MMMMMMM
XOET» TAPE6=TTTTTITT.
CEFINEYTAFPEOB=AAAAAAA.,
JEFINE»TAFESLO=6GGGGGGEG.
ABS.
FEWIND,FLOBO1ASFLOBO2A

*

yFLOBO3AYFLOBO4AFLOBOSAYFLOBOGA.

SEUTNDSEL OB807AFLOBOBAYFLOBO?AYFLOBL10AYFLOBLIL1AXFLOBL2A,
REWIMDYFLUB1I3AYFLOB14A»FLOB1SA.

COFYEF,FLOBO1AS TAPEOS.
COFYEBFSsFLOBO2AYTAFEODS.,
ZOPYBF-FLOB03AYTAPEOS,
COPYBFFLOBOAAY TAPEOS.
CGPYBF,FLOBO0SAYTAPEDS.,
COFPYSFFLOB0SLAYTAPECS.
COPYRF,FLOSO7A»TAFPEODS,
COSYRF s FLOBOBA TAPEODS.
CARYRFSFLOBOPAS TAFEQSB.
oY uE s FLOB10AYTAFEODS.
LOFYBFsFLOB11A»TAPEOS.
SRV BFYFLOB12Ay TAPEOS,
FOFYRFSFLOBL3AYTAFEDS.,
LI /RF,FLOB14A» TAPEOS.
TLRrBFFLOBLISASTAPEODS,

- Tvpical Control-Card Sequence for Analysis-Only Run in Which

berodynamic Influence Coefficients Are Calculated and Saved.

o s I g S WY W
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4 - CONTROL CARDS

Execution ot ESP on the Central Computer System at the Naval Air Develop-
ment Center can be accomplished using NOS control-card sequences similar to
those shown in Figures 4~1 through 4-3. The first figure illustrates an
anaivsis-only submission in which aerodynamic Iinfluence coefficients (AIC's)
are to be calculated and saved. The second figure illustrates a search run
stiitzing previously saved AIC's, and the third figure shows a restart of a
searvch tun.  The last letter of the job name on the JOB control cards in these
fiparen wac chosen as an identifier for each of the three types of runs. The
contral cards for a fourth type of submission - an analysis-only run using
cczviovsly saved AIC's - would be the same as those shown in Figure 4-2 except

*1 ot the tast two cards mav be omitted.

te central-processor time-limits on the JOB cards for submissions to the
asdu enrral Computer System should be specified in terms of decimal seconds
anothe 000G ABD0O.  Appropriate adjustments for job executions on the Cyber 175
ur tUyrer /o0 are performed within the system, (The additional control cards
cpecitied orn pages 3-2-8 of Reference 6 should no longer be used.) To assist

t72 use” in making initial time estimates, some approximate times for the

oty compenents of an ESP run are listed in Table 4~1. The times are given

Svrenen o0 Gyber 760 seconds because this provides a more immcdiate indica-
ice ororhe practicality of a particular type of run with the computing

couirropr available. A conversion factor of 3.7 between Cyber 760 time and

o im s suRgested on page 3-2-8 of Reference 6.,
e nid parameter on the JOB cards specifies the maximum amount of
wmory needed for ESP in terms of octal words. This is followed by

rcrement for extended memory, given as the maximum octal number of
f,owerde. The actual rvequest for extended memory is accomplished via the
comand, wiict 1s the third control card shown in Figures 4-1 through 4-3.

1wl pavameter or the JOB cards specifies execution under the NOS operat-

i =i an an 'economv' charging rate as described on page 1-20 of Refer-

“ae o dne PO priority (derferred execution) that results from the use of

it ooamerer is required for FSP by virtue of its central-memory usage and

il rictians given in Figure 3-2-1 on page 3-2-8 of Reference 6.

A ol

PONRUPERIE TR SIS SRS TR S SR VI S

AP S - g




i s aline Tafadt den 4

v v v,

3 o
1

Rl 2 e g

— ¥

——gy T ow v ey v

)

———

T T—— P S e B S S M A Mol ra A AuCELC Aar AR A e A AL LA 2 A e AT A S S A A A SN o A n i it g

s
-

&)

4

)

»

ftem 6 KLUE(37) = 0O Cantilever-wing viwration analvsis to he
(cont.) performed in AVAM,
= 37 Free—free vibration analvsis to be performed
in AVAM,

KLUE(38)

|
o

Do not include ripid-body modes in AVAM

F

output passed to AFAM. -
= 38 Include rigid=-body modes in AVAM output.
RIVE(38) is ignored by the program if KilV'E(37) e
=,
L Format and comments on alternative approaches to entering above
} data are identical to FASTOP.

Nata Futered Via Vibration-Analvsis Module
i ! At Yee ORI E

{See also KReference ), Volume [T, pages 202-216, or Reference 5,
« voluwe 11, pages ?30-244.)

tems -] tdentiecal te FASTOD.

Pron KIHOEVOD) = O Fixed value in ESP and FASTOP.
SN EVE?Y = 0 Do or plot vibration modes.
; ,
= Piot vibration modes on CatComp. ’
VIUVEVEY) = D Do not Tist flexibility matrix as used in

eigenvalue solation.

7 s .
‘.l = 3 iist tlexibility matrix. ‘

SOV (e = 8 Do net list transformed mass matrix as used in
R eigenvalue solution.
= 4 Jist transformaed mass marrix.,
. , .
- FLDTUIS) e g Dumimy varfabin in Est,
iV = () vamy variable in ESP,
A Hoonot liat lewibility matvix &0 obtained

From MNASTRAN or card-image {a1le.

= Tinr dinput Dlexibility matrix.

cerverallv o Vimdted oo anatvsisconty runs,

4‘ .‘“

A P
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ftem 3 KLUEV(8) = 0 Do not list dynamic mass matrix as obtained Lo
(cont.) from NASTRAN or card-image file. S
-@

= 8 List input dynamic mass matrix. . j

The rigid-body-displacement matrix and the plug mass matrix are
always printed as they are read.

The format for the above dats, ::nd comments on alternative
approaches to entering these data, are identical to FASTOP.

Lrem A NDYDOF Number of dynamic degrees o! freedom
(excluding pluy degrees of freedom). Maximum
value is 220,

IDYFLX = O Dynamic flexibility matrix is provided as
card-image data according to the format and
instructions given in Subsection 5.1.
= | Dynamic flexibility matrix is provided in the
nousparse hinary format obtained from the . 4
OUTPUT4 routine in Ehe MacNeal-Schwendler %
version of NASTRAN, .
=2 Dvnamic flexibility matrix 1is provided in the )
format obtained from the OUTPUTZ routine in )
the COSMIC version of NASTRAN.
|
11ASS = 0 Dynamic mass matrix and plug mass matrix are S
provided as card-image data according to the )
format and instructions given in Subsection ]
5.1. )
=1 Dynamic mass matrix is provided in the sparse
hinary format obtained from the OUTPUT4 e
routine in the MacNeal-Schwendler version of
NASTRAN. Plug mass matrix is proviue? in the |
nonsparse binary format from OUTPUT4. :
=] Dynamic mass matrix and plug mass matrix are ol
provided in the format obtained from the —
OUTPUT2 joutine in the COSMIC version of Y
NASTRAN. I
]
'Y
@ e s
: -
[ « ‘ppeadix A for additional descriptive and 1llustrative material
: iie NASTRAN/ESP interface.
. 4
g 1
)
b |
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Trem 3A ITRNSF = 0 Matrix of displacements in dynamic degrees

1 (cont,) of freedowr due to unit rigid-body displace-

tl ments ie provided as card-imape data according
to the format and instructions given in

! Subsection 5.1.

- = 1 Rigid-bodv displacement matrix is provided in
the nonsparse binary format obtained from the
OUTPUTYS routine in Ehe MacNeal-Schwendlier

) version of NASTRAN,

: = 2 Rigid-bodyv displacement matrix is provided in

b the formar obtained trom ihie OUTPUT? voutine

ﬁ fn (he COSMIC version of NASTRAN.

L}

r~ Format (4Y5% ., Number ot cards is 0.

3
Data are entered by subroutine LnADY.
e L= FASTOD logic/dara itewms not nsed in ESP,
-
" Logdie Ttem - No Datas
14 a ctore search is to be perrormed (KLUPI(7) = 7), continue with o
: nstructions below., Ctherwise (KLUE(7) = 0), go to Ttem 16, X
o . . +
Fepeat ltems BR - 81 tci cach store station, Then add a blank y
card, DMaximum number ol store stations is 95, ] .ﬂ
“he store-mass parametess entered as Irems 8C - 87 will be used in Do
- the program to replace the appropriate elcements of the mass matrix -,
P - crovided as g separate daga file (see Subsection S.1), Similorly, ; .
“he feexibilice valnes 2nterea as Ttem 8F will replace elements of ]
- . . . . Y - b
. the flexibiiity matrix provided as a sceparate data file. The o
derones in these marrices chat will be replaced are determined by - 1
the deprees of treedom enter «d o5 ltem 8BH, -
& Mon orestarting a seqoceh, Trems 8C - HF whould be the values ) )
crrecpanding to the point {v the stere-parameter space from which T
“he ilext serfes of cemich stepe i te hepin.  These are obtained ' ';
= oo the outper at the cag of the previoes serfes of search steps cee T
soe Sphsection 6,30, NN

adia A oy additiopal dosericrive ord il oastrative material
VITRAN TRYD inrer{ace,
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Ttem 8B

frem 8C

Liem 8D
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IDSTR Store-station number. Must be one of a
sequence from | to the total number of stores.
Maximum value is 5.
Format = (I5). Number of cards is 1,

Data are entered by subroutine READY.

STRWI Initial store weight in store-search run, 1b.
Format = (E15.5). Number of cards is 1|.

Data are entered by subroutine READY,

STRII(K), K=i,3 Initial store moments of inertia about local
X, v, and z axeszthrough store center of
gravity, lb.-in.

Format = (3E13.5). Number of cards is 1.
Data are entered by subroutine READY.

STRRI(K), K=1,3 Initial store centev-of-gravity x, y, and 2
offsets relative to store dyramic degree-
of-freedom location (nominal store/pylon
attachmert point), positive for store
center-of-gravity location forward, inboard,
and below pylon attachment point, in. As
discussed further in Subsection 5.1, this
represents a change from the convention used
in Reference 4.

Format = (3E15.5). Number of cards is 1.
Data are euntered by subroutine READY.

STRSI(K), K=1,6 Initial flexibility-matrix diagonal elements
for translations in x, y, and z directions and
rotations about x, y, and z axes at nominal
stcre/pylon attachment point, in./lb. or
rad./1b.-in.

These elements sre incremented within the program when pylon-
flexibility parameters are search variables. Tf a flexibility-
matrix element is entered here as zero, the initial search value
nf that element will be the one contained in the flexibility
matrix provided as a separate data file (see Subsection 5.1).

Format = (AE10. %), Number of cards is I.

Data are entered by subroutine READY,
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ISTDOF(K) = O, Dummy variable in ESP.
K=1,6

Format = (6I5). Nuwver of cards is I.
Data are entered by subroutine RFADY.

1DTYDOF(K) ,K=1,6 Dyvnamic degree~of-freedom numbers correspond-
ing to translations in %, v, and z directions
and rotrations about x, v, and z axes at
nominal store/pvion attachment peint. If an
airplane dvnamics wedel dres not include
degrees of freedom tor ore or mere of the 6
store displacement components, enter zero for
these components.

Format = (6I5). Number of cards is .

vata are entered by subroutine RFADY,

SCALEW Factor to be used to scale store weight prior
to searcr, ib.
SCALET(X),K=1,3 Facteors to be used to scale store moments of

inertia about x, y, and z axes, lb.-in.,”

SCALER(K) ,K=1,3 Factors to be used to scale store center-
of-gravity x, y, and z offsets relative to
nominal store/pvlon attachment point, in.

SCALEF(K) ,K=1,¢6 Factors to be used to scale flexibilitv-matrix
diagonal elenents for trauslations in x, vy,
and 2 axes at nominal store/pylon attachment
point, in./lb. or rad./In.-1b.

A suggested aprreach feor selecring the above factors is to set
each of them cqual to the difference between the maximum and
rinimum vaiues (of the cerresponding store parameter) to be
considered during the search. This will vesnlt in the stove-
search region being scaled to rir within a unit multi-dimensional
~ute, which #¢ desirabic for cificient ¢2arches,

A varameter mav be heild fixed during a scarch by setting the
ce-responding scale {actor equal to zevo.

Tarmat = (E1S,5/3015.53/3E15.5/4F10,.3Y,  MNumber of cards is 4.

MYita are entercd by osubrovtine READY,
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Ttem 8U ISTEP Search step number at which present submittal
begins. .
For starting a new search, let ISTEP = 1,

For a restart from a previous search, set
ISTEP equal to the cycle number obtained from
the end of the printed output for the previous
series of search steps.

If ISTEP > 1, a separate restart data file,
obtained via unit 48 in the previous sub-
mittal, must be provided as input to this
submittal via unit 47. See Section 4.

KCONST = O Store pitch and vaw inertias are slaved -
together and considered as a single search
variable.

L Using this option requires that each pair of
r. initial values and scale factors for these two .
3 quantities be identical.
b
= 1 Store pitch and vaw inertias are considered as

independent search variables.
_ Format = (2I5,5X). Number of cards is 1.
Data are entered by subroutine READY.
b YNEW For a restart submittal, set VNEW to flutter
speed obtained from next-to-last search step

in previous submittal in which a reduction in
flutter speed was achleved, knots eas.

For starting a new search, set VNEW to any
large value that s preater than VS below.

VS Factor to be used to scale flutter speed, “':u
knots eas.

Suggest a value approximately equal to the
largest anticipated flutter speed for any

o store configuration.

!. Format = (E10.3,10X,E10.3). Number of cards is 1. —_
5 Data are entered by subroutine READY.

r
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{tem 8M ITOCl = O Boundaries of store~parameter/pylon-~
—r flexibility space to be searched are detined .
AN by discrete points. This option 1s applicable - -
\ only to tvpes of search spaces defined in Item )
8U, I
! = 1 Search~space boundaries are defined by linear
constraint equations. See Eq. (3-1), page
3-1, Reference 4,
. Format = (I5)., Number of cards is 1.
= Data are entered by subroutine INCONS,
E Ltem R4 Logic Ttem - No Data i
: [f LTOCl = 0, go to Ttem 87. If 1TOCI = 1, continue with ltems 8P
b - 8S helow.
b
* lrem 3! MSTAR Number of constraint planes (linear constraint
- equations) used to define search-space
] boundaries. Maximum number is 50,
f
. Format = (15), Number of cards is 1.

N

Data are entered bty subroutine INCONS,

:a oem 5O Logic ltem ~ Ng Data .41

; Repeat Items 8R - 8S for I = I,MSTAR.1
2 S
S o BR G(i,1),J=1,NPARM Each column, T, consists of components of a " o
o unit normal vector pointing outward from the ]
;‘4 scaled search space to the Tth constraint
plane. TIn general, rows, .J, should correspond I

in order and total number (NPARM) to the
search variables for which non-zero scale
factors are entered in Item 81; however, if ]
KCONST = (), onlv one element should be entered
- for each pair of pitch and yaw inertias to be
r‘ searched. The order in which columns, I, are

: associated with constraint planes is L
arbitrary. Maximum total number of search N
variables, NPARM, is 35.

—————y
‘:l
;

"l.':
PPN A

Format = (3(E15.5,5X)). MNumber of cards is (NPARM-1)/3 + 1, -

v
ro
e e :'l!

3 Data are entered by =subroutine INCONS,
e
\ e e et e e o e 2t e e e e e e e
N .1
r v . ' v . . "
Aohiie i aal discussion of procedures for defining constraint planes, and, -
L rooe specifically, Ttems 8R and 8S, is contained in Subsection 5.3 and e
weprndix O
;
1
b
5-13
t.
] .
h K
]

L'. PSP, Y R R Y MU SR PP, G SRR N TG W 1P PR P < Lo e D WA h_;“k




St e T T e T R NTNTATRT .

[tem 8S
(
b
S
- frem 87
-
m B!
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B(1) Scaled distance from origin to Ith constraint
plane in direction of unit normal vector.
Constitutes Ith element in b vector in Eq.
(3-1), page 3-1, Reference 4,

Format = (E15.5). Number of cards is 1.
Data are entered by subroutine INCONS.
Logic Item - No Data

Tf ITOC1 = 1, go %o Ttem 9. If ITOCI = O repeat Ttems BU - B8GG -
for each store station. Number ol store stations 1s defined by
the last value of IDSTR {n Item 8B.

Search variables for this store station
consist of store mass, store pitch or pitch/
yaw inertia, and up to six pylon-flexibility
parameters. This option is intended primarily
for store stations with single-store ejector
racks.

IT0C

1]
—

= 2 search variables for this store station
consist of store mass, store pitch or pitch/
vaw inertia, store center-of-gravity x offset,
and up to six pylon-flexibility parameters.
This option is intended primarily for store
stations with multliple-store ejector racks.

=3 Search variables for this store station
consist exclusively of up to six pyvlon-
flexibility parameters.

i}

Format (15). Number of cards is 1.

NDara are entered by subroutine INCONS,
ogic Item - No Data

I{ ITOC = 1 and at least one of the first four factors in Ttem 81
f« nonzere for the store stration currently being considered,
continue with ftems #W - 87 helow. [If ITOC = 1 and all of these
factors are zerc, continue with Items 8EE - 8GCG.

17 1TOC = 2 and at least one of the [irst seven factors in Item 8]
is nonzero for the store station currently being considered,
continune with Items 8AA - 366G, 1f ITOC = 2 and all of these
factors are zero, continue with [tems 8EE - 8GG.

iy ITOC = 3, continue with Items 8FE - (GG.

1
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NCORN Number of vertices defining polygon for
two~dimensional store-parameter search space.
Maximum number is 10,

Format = (I5). Number of cards is 1.

Data are entered by subroutine INCONS,

iogic Ttem - No Lata

Repeat lcem 8Y bhelow for each of the NCORN vertices. The vertices

are defined sequentially in a clockwise direction assumnlng store

mass 1s the abscissa and store inertia is the ordinate of the

two~dimensional store-parameter space.

Store mass at Jth vertex, lb.

CORNM(D)

CORNT (D) Store pjtch moment of ipertia at Jth vertex,

lb.-in,”

Format = (2(F15.5,5X)). Number of cards is .

Mita are entered by subroutine INCONS.

Logic Ttem - No Data

continue with Ttems dEE - &GG.

NCONST Numher of constraint planes defining three-
dimensionai store-parameter search space.
Maximum number determined by requirement that
total number of constraint planes be less than
or equal to 50 considering all store stations
and both store-pavameter uand pvlon-flexibility
secarch variables.,

Format = (1%), Number of cards is 1.

Potw ere entered by subroutine INCONS,

Looic ftam = No Data

Feaeat Ttems 8CO - 8DD helow [ov each of the NTONAT conctroingt

ARSI BT Ras be D o S has Ko




Pem

HDD

- ity Lo aii et et S el Sui S G1° St S B M A At M i A St e S M

Logic Item - No Data

Repeat Iltem 8DD below for three points on each constraint plane.
The points should be entered sequentially in a clockwise direction
looking in toward the region to be searched, and assuming that
store mass, store pitch inertia, and store center-of-gravity x
offset (in that order) constitute the x, y, and z axes,
respectively, of a right-handed coordinate system.

CORNM(K) Store mass at Kth point on constraint surface,
1b.
CORNI(K) Store pitch moment of inert%a at Kth pcint on

constraint surface, lb.-in.

CORNS (K) Store center-of-gravity x offset at Kth point
on constraint surface, in. Positive for store
center-of-gravity location forward of pylon
attachment point,

Format = (3(FE15.5,5X)). Number of cards is 1.

Nata entered by subroutine INCONS.

NSTAR Numher of constraint planes for pvlon-flexi-
,11ity scarch variables. Only an upper and a
lover Mmit for each pylon-flexibility
variable mav be specified. Maximum number is
12,

Format = (I5), Number of cards is 1.

Tats are entered by subroutine INCONS,

toglc Item - No Pata

Repeat Ttem 8(L pelow for cach of the NSTAR pylon-flexibility
crnstraint planes. 1f NSTAR = 0, skip Item 8GG.

DeE Polon-tlexibility dynamic degree of freedom to
b constratned. Enter with either a positive
or negative sign to denote whether associated
constraint value (next parameter) is an upper
or lower flexibility limit,

Vo MTY Maximum or minimum flexibility tor degree of
freedom gpecified in previous parameter,
in./1lb. or rad./in.-1b.

Formar = (T5,F15.5). Number of cards is 1.

ILita are entered bv subreatine INCONS,

PERE
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Items Y,10

items 11
Irems 12~
tS

Treo 16
Tred 1hA
T, '
o i
fran i

FASTOP logic/data items not used in ESP,

FASTOP data item not used in ESP. (Superscded by separate file
containing dynamic mass matrix. See Subsection 5.1)

FASTOP logic/data {items not used in ESP.

Logic Item ~ No Data

]

37), continue
U}, omit these

T1f a free-free wing is being analyzed (KIUE(37)
helow with Ttems 16A - 17, Otherwise (KLUL(37)
items,

it

NPCDOF Number of plug dynamic degrees of freedom.
Should correspond to the number ot modes 1in
the rigid-body displacement matrix, and the
number of rows and columns in the plugz mass
matrix, both of which are entered {n separate
files. See Subsection 5.!. Maximum valiue is
2

Format = (15). Number of cards is 1.
Nata are entered by subroutine FFMASS,

FASTOP data item not used in ESP. (Superseded by separate file
containing plug mass matrix. See Subsection 5.1.)

FASTCP logic/data items not used in ESP,

NROOTS Number of normal modes of vibration to bhe
computed. Maximum number {< 40 if KLUF(38) =
0, and (40 - NPGDOF) 1f KLUE(38) = 3&.

NDOrEE Number cof displacements per mede which are to
be saved for use in the flutter-analysis
module. Note that only out-of-plane dis-
placements are used in AFAM except when the
elastic~axis option is aspecified., Maximum
number is NDYDOF.

ey Number of additional displacements per nade
which are to be set to zero for use in the
flutter-analysis module. See Item 1 below,
Maximum number is (220 - NDOFFI) .

rvoros 0518) . Number of carde is 1,

At are entered by cubroutine KIGEN,

!
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Loyglce lTtem -~ No Data

I'f 1igid-bedy modes are not to be included in the output from the
vibration-analvsis module to the flutter-analysis module (KLUF(38)
= (), emit the following item,

SREQ(N) ,N=1 ,NPCDOF  Zerc-airspeed frequencies to be assigned to
rigid-body modes in flutter analysis, Hz. To
avoid numerical problems, values above 0.005
Hz. are suggested; values less than 0.002 Hz.
will be reset to 0.002 Hz, within the program.
See Section 3 for additional comments on the
nse ol this Input-data {tem,

rormar = (3E10.3), Number of cards is |.
Jatu are entered b subrvoutine VIRIFO.
fovic ltem = No Data

The two variables in tihe fellowing item permit the user to reorder
and/or eliminatre the medal displacements calculated in the
vibration-analysis module in preparation for their use in the
fluctter-analysis wmodule. Further, additional modal displacements
mav be set to zern. The requirements for ordering modal
displacements for the rlutter-analysis module are given in
Reference 5, Volume T7, pages 207 and 208.

e two items should he enteored in pairs tor T=1,NDOFFF,

TDEVIT) Devriee-of ~freedom number used in the vibration
analvsis which corresponds to the flutter-
analysis degree~of-freedom number entered for
the following variable. Maximum value is
NDYDOF,

ENIACE Depree~ol-rreedom number to be used in the
tlutier analvsis. Must be specified in
ascending erder. Omitting a degree-of-freedom
nuwher will result in the modal! displacements

cher degice of freedom being set to rero,

Maxinnim value §is (NDOFFF + NZERO).

Ty

AL - (3(L[&)). Nignecer of cards s ((NDUFFV—]>/S + I).
tatas ave entered by subrostine VIBTFO,

tlentical o FASTOP,

BER )

.

K
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“.0.3 - Data Fntered Via Flutter-Analysis Module

(See also Refereuce L, Volume 1T, pager 217-274, ov Reference 5,

Volume 11, pages 245-302)

Liems -1 Identical to FASTOP.

&

Ttem 4 LC(y) = -1 Store search or p-k flutter analysis,
=0 Pressure calculations only.
= 1 k fluiter analysis -]
e 7 Divergence ans Lysis. ]
LC(2) Number of vibration modes, including rigid- !&
body modes, to be used in [lutter analveis.
Maximum numher is 40, 1
Loy Number of lifting surfaces. For the doublet- 1
lattice methed, which is the only aerodynamic -
theory that is operational in ESP, the maximum .?
number is 30, -
LO(4) Number of reduced velocities for which X :
azrodynamic pressures and/or generalized .
forces are to be computed or interpolated =
depending on the value of LC(13)., If LC(1) = @
¢ or 1, LC{4) must be less than or equal to E
36, Tf LC(1) = 2, let LC({4) = 1, If LC(1) = -
-1, LC(4) is the number of reference reduced
velocities (see Ttem 19A), and must he less
than or equal to 15.
P08 Number of air densities for which tlge flutter
or divergence analvses will be run,” Maximum 1
number is 10. If LC(1) = 0, let LC(5) = 0. 4
If KLUFE(®) = 7, let LC(5) = 1. ]
o) =y Dummy variable in ESP, 'J
‘ . 1 1
‘ = “ist cnleulated pressures. ~
1
= 0 No displav.
Chy e st Vit and morent coetilobente ] C
) o
= () e odieplay,
s ooterked in FSE ]
.1
coked Tor f0703)
5-10 .
®
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LC(9)

LC(L0)

Le(tn)

LCr2)

L)

0

Frequency-independent additions to the agrg-
dynamic matrix Q are to be read as data. ’’

No such additions are to be made.

[.List the full set of interpnlated g?neralized
forces when using k flutter method.

No display.

Tndex in flutter-analvsis module of modal
frequency to be used as a normalization factor
in the ilutter determinant. Suggest index of
first flexible mode.

Flutter determinant is furmulated as the
product of the inverse of the generalized
stiffness matrix and the sum of the gen-
eralized-mass and aerodynamic-force matrices.

Determirant is formulated as the product of
the inverse of the sum ot the generalized-mass
znd aervodynamic matrices, and stiffness
matrix.

1f rigid-body or other very-low-frequency
modes are present in the analysis, let LC(12)
= ()'

Generalized-aerodynamic-force interpolation is
used.

Cencralirzed aerodynamic forces are ?ompured
dircctly at each reduced frequency.

iy Ley = =1, let LC(I3) = 1. If 1.C(1) =0
or 2, let 1C(13) = 0. If LC(l) =1, let
LCA13Y = 0 or 1.

CalComp plots of the flutter solution are to
he puroduaced.,

N ',)l\\-tE N

Leloctity scale ir the {lutter-solution plots
tx In terms of true airspeed.

scale 1o vanivalent airspeed.
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6 -~ OQUTPUT DESCRIPTTON

Since the current version of ESP was developed as a pilot code to inves-

‘ate and demonstrate the store-search procedure in an expedient manner, the

Sitput trom the new code is not always as well structured and/or annotated as

1.1 %a Jesirable in a production program. To partially compensate for this

~ivstion, and also to provide an introduction to the output from ESP,

tions of typical ESP output listings are presented and discussed in this

LS

ctisn. Ourput related to NASTRAN dyvnamics-model input matrices is discussed

cendix AL

TARATTON-ANALYSIS MODULE

‘tier thap the opticnal listing of the input flexibility matrix, the

r -~

riaerra

it

of cutput from an ESP search run consists of store-parameter data

¢ in Figure 6-1. NUMBER, at the top of the figure, identifies

“iore-station number; this value is the same as IDSTR that was input as

cn 90 The next line, DYNAMIC DOF, identifies the dynamic-degree-of-freedom
N ‘¢ tha nominal store/pvion attachment point; these values are the same
TDUY G toat were inynt as Ttem 8H, The store-—parameter values, which

“rte the buik of the oatput in Flgure 6-1, are listed in the same order

the same urits as the input—data quantities described in Ttems 8C -

.

':’A. i

'FY, and PY¥Z, and PFXX, PFYY, and PFZZ denote pylon-flexibility

croepanding to translations in the %, y, and z directions and

v the n, v, and 7 axes. For the first analysis cycle in each

. the INITIAL and CURRENT values are identical, and the DELTA is

O

“atedy arter the store-parameter data, but onlv for the first

cqe i oeach feobh enubmission, is a listing of the coefficient matrix,

cector, b, In Fq. {3=1), page 3-1, Reference 4. When ITOC! = 1 in
by input data, this listing, illustrated in Figure 6-2, is ident-

tupur data specitied in Items 8R and 8S (except that, for input,

e b s =pecified nv orows, whereas, for output, G itself is
v, When iTOC! = 0, ¢ and I are caiculated by the program based
arameter lata valies (ntered via ltems 8U - 8GG.
fyo 1
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.3 - LISTING OF SAMPLE PRIMARY INPUT-DATA FILE

An input-data file illustrating the use of many of the data items

described above is shown in Figure 5-2.

e1ght store-parameter search steps in a six~dimensional space in which store

weight,

The case shown 1s for

a maximum of

longitudinal center of gravity, and pylon flexibility are allowed

*o vary at one store station, and store weight, longitudinal center of

pravicty, and slaved pitch/yaw inertia are to be varied at a second station,

{he vonetraint planes which constitute the search-space boundaries are

Yot i i

HES

rapdn,

ot

»,
NOL

tn terms of

¢ that each

oo cumponents, and

Soraineters

unit normal vectors

constraint-plane unit normal vector (Item 8R) has at most
that bheth components, when two are present, pertain to

at the same

store

statlion.

and distances from the search-space

Two significant implications of these

cuaracteristics of the constraint-plane data are as follows.

termiscible

caemal vector having twe oonzero components, this two-dimensional space is the

conont

ERTIAY

snace Lor

S

w1t appear as a lip

ainiag the two

~omoonernt, the censcraint pilane becomes a line in any two-dimensional

[

rarmal to this

. .
e odtacussed

el renstona

sotae2ial for producing a conatraived search space with little open

“votpe peripioery,

e

lent ot the values ar

tne other station.

in at least one two-dimensional space:

nonzern coempenents.

|
L1ne.

in Appendix O, the

«earche

citly ractlirates the

it tnree-parameter

g In terms

Jetintt lor

-

apace at

When the unit normal has only one

First, the

range of store-~parameter varifations at one station 1s fully

Second, each constraint plane

For a unit

witich ore of the variables corresponds to the nonzero component; by

o, the axis corresponding to the single nonzero unit-normal component

specification of constraint planes

of

ot

each

two=-comnonent unit

normals not

the search boundaries, but also

store cstation is

Thereiore, this approach {s recommended whenever

devmed useful.
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for the next analysis cycle. However, since it is in the search module that

ESP achieves its primary technical distinction from FASTOP, the name of this

le;.;&;;i;:J'A

module has been changed herein from that of its FASTOP predecessor.

Nevertheless, since some of the input associated with the FASTOP flutter-

optimization module is still present In the current pilot-code version of ESP, o
the practice of relating ESP input data to corresponding FASTOP input-data

item nunbers will be retained in this module as well.

item wogic Item ~ No Data L

it a search is te bhe performed to determine store-mass and/or

pylon-flexibility parameters corresponding to a minimum flutter
speed (KLUE(7) = 7), continue with Items 2 - 8 below. If only
an analysis is to be performed (KLUE(7) = 0), omit these items.

[tems 2,3 Identical to FASTOP

item 4 Blank card in ES?.
g
[tem 5 FASTOP logic item not used in ESP,
1: ttem 6 VDES Velceity greater than maximum anticipated
{ flurter speed during search, knots equiva-
lent airspeed.

1 = .
: Format = (F10.3,20¥). Number of cards is 1. e
i

N Data are entered by subroutine AFOM,
L Ttem 7 NFIX Maximum number of search steps to be taken
t in this job submission, The program will
1 stop in less than NFIX steps if a minimum
t flutter speed is located.
r’ Format = (5X,15). Number of cards is 1.
b

4za are entered hy subroutine ArOM,

r
.
4 Loen 5 Bian< card fn ESP.
S

L
g
3
| ©
3
-
s 5--28
}

¢
I
3
L_v." 4 AT a3 -"\-‘-LJ,...Ll~-_ )
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Item 29A
(cont.)
Trems 30-51

Teem S5TA

AR A N i A Rl N N Mal N i sl S A Sl SRS O S NP AP SR R - MO

Format = (215). Number of cards 1s 1.
Data are entered by subroutine FLINFO,
Identical to FASTOP,

logic Ttem - No Data

Ti medes having low ratios of opr-diagonal generan’
corresponding generalized mass are to be antomatically excluded
from a p~k tlutier analwsis (10(1) = =1 and LO(38) ~ 1), enter
data for the fellowing item. Otherwise (LC(LY # -1 or LC(38) =
0%, omit this item,

ized force to

Caariocn is advised waen using this mode—elimination option in
conjunction with store—-parameter searches. Derivative
calevulations, and resulting scarch steps, can be much more
sevsitive than the {luttes characteristics themselves to the
mvstem—idealization changes resuloing foom wode eliminations.

Onw Rati of modulus of on-diagonal generalized
Torac te value of corresponding generalized
mane helow which a mode will be excluded from
p-k flutter analvsis,

SURSKY “wwinal velocity at which peneralized forces
used in above ratio are to be computed, knots
tas. (Generalized forces are actually
~omnuted and used at 0.75%VQDW, VODW, and
FL25AV00R,)

e (ZEP0 L) Nuwher of cards is 1,

para are entered by subrovtine FLINFO,

fdenttices! o FALIOP,

decvion!l o vAsSTOE,

FASTOP legic/daote Qe noc o usod In ESP

S0P i sider oy Tteme e need in EST

opas s Sih=077, or Reterence D,

et e Leg corch o wmedule sa sy e aimilar o the flatter-

U TR R ANC S R fhe oxtent Chat herh modules determine
St gerro et ore th et o e b imniere ried 1t detine the data
Lo
.‘\
A - - P - 3 S L -
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Item 20 RVBO(I),I=1,NRVBO Reference reduced velocities,

The values should be input in ascending order,
and should span the entire range of reduced
velocities required for the flutter analysis.

3
9
k
4

b . For the k method, this implies that RVBO(1) < -
i VBO(1l) (see Item 17), and that RVBO(NRVRO) o
> VBO(LC(4)). ;“”.W
- For the p-k method, the following approxi- ) f
" mation is suggested: o
: ~ RVBO(1) € 1,69%12*VMIN/(BR*6,28*FMAX) '
- RVBO(NRVBO) 2 1.69*]12*VMAX/(BR*6,28*FMIN) - ]

s
e where _d
- VMIN = V1, knots (see Item 19) .

-  VMAX V1l + (NV-1)*DV, knots

- FMAX and FMIN are the maximum and minimum
zero-airspeed frequencies in Hz,

- BR is the reference semichord, in. (see
Item 15).

#

v

If FMIN < 0.0!, let RVBO(NRVBO) = 1.0E+05 and
RVBO(NRVBO-1) = 2000.

Format = (7E10.0). Number of cards is ((NRVBO-1)/7 + 1).

Data are entered by subroutine FLINFO,
1

v ivvvl, T

- [tem 2!-25 TIdentical to FASTOP.
-
}{: Ttem 26 Loglc Item - No Data
t.'A If no structural damping 1s added to the stiffness matrix (LC(16)
- = 0), omit the following three items, and go to Item 29A.
{ If different structural damping values are added to the complex
L stiffness matrix for each mode (LC(16) = -1), omit Ttem 27, and go
to Item 28.
®
o If the same value of damping is added for all modes (LC(l6) = 1),
[ enter data for Ttem 27 and omit Items 28 and 29,
3
b Liem: 27-29 Tdentical to FASTOP,
L
‘. Item 29A LRBTR Number of rigid-body translation modes
F included in IFLMD(I), Ttem 1l4.
i NRETOT Total number of rigid-body modes included in
. IFLMD(1).
o T

Nnt appifcohle tn store-parameter search runs,

P.: S5-.b
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Ttem lb logic Item - No Data

For divergence analysis (LC(l) = 2), omit Items 17 - 34, and go to

Ttem 35.

For steady-state pressure calculations only (I.C(l) = O and 1.C(33)
= 1), omit Items 17 - 55, and go ro Item 56.

For p-k flutter analvsis (LC(1) = -1), omit the following two
rtems, and go to ltem 19,

For % flutter analysis (LC(!) = 1), or for oscillatory pressure
caleulations (LC(L) = 0 and 1.C(33) = 0), continue with Ttem 17

below.

(R AU Sa{1),1=1,L000) Reduced velocities to be used in k flutter
analysis or in oscillatory pressure
calculations.

Permet - (U 0M0,0).  Number of cards is ((LC(4)-1)/7 + 1),

byt qre evtered By osubroutine FLINFO.

L ¢ lrem - Ne Daca
4o s Tterm o, this item is reached only for k flutter analysis
v = 1Y ur for oscillatory pressure calculations (LC(1) = 0
bt i o= O

s ¥ tlurrer analysis with generalized-aerodynamic-force
nrerpeiacion (UC11) = L oand LC(13) = 1), omit the following item,

ol ¥ Lo [toem 'OA,

For & tiutrter analvsis with directly computed generalized forces
OOy T nd Leel3) o= 0), omlt ITtems 19 - 20, and go to Item 21.

ior wecilixtery pressure calculations (LC(1) = 0 and LC(33) = 0),
sov Teoms 19 - 39, and go to Item 56,

cnt oo FASTOY,

Yumber of reference reduced velocities, {.e.,
vumber of reduced veleoclties and corresponding
dlrectly computed generalized-aerodynamic-
force matrices that will be used as a basis
for generalized-force interpolation. Maximum

value is 15,
B o5y, Number ff cards is 1,

Lte enterod by subrautine FLLIFO,

S--20

BRI .'1
el

el

‘
o
t
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T
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Item &4 =0 No display.
(cont.)

"
—

User will input a ratio of on-diagonal
generalized force to corresponding generalized
mass which will be used for automatic
exclusion of vibrgtion modes from a p-k
flutter analysis.

1L.C(38)

=0 All modes initially selected by user will be
used in the flutter analysis.

If LC(l) # -1, let LC(38) = 0.

1]

Format (1015). Number of cards is 4.

Data are entered by subroutine AFAM.

Ttem 5 IN =1 Modal vibration data are input on cards.l’3
= 2 Not used in ESP.
= 3 Modal data are obtained from vibration-
analysis module.
Format = (I5). Number of cards is 1.

l'ata are entered by subroutine POOL.

Lierms b=12 Tdentical to FASTOP.3

AT FASTOP date item not used in ESP.

no TFLMD(1),1=1,LC(2) Indices of modes from vibration-analysis
module to be used in the flutter analysis. 1
is the mode index in the flutter-analysis
module that corresponds to LFLMD in the

¥ vibration-analysis module.

b

b Farmat = (1015), Number of cards {s ((LC(2)-1)/10 + 1).
F_ Data are entered by subroutine POOL,

X

i1 Lientical to FASTOL.

q
L Cption net checked {n ESP,
L
L see cauticnary comment in foctnote to item S1A,
’. ot applicable to store-parameter search runs.

A SN Sub A

L R SR aun aad

o PUPT SN PR VR P A R A P I I U W I Uy Wy P PO U U GNP S U Wy W . P




Yy vy yor:

MEME AL |

Display physical vectors corresponing to
the displayed modal eigenvectors.

No display.

Display flutter determ}nant in k flutter
analysis (see LC(12)).

No displav.

If LC(1)Y = -1 or O, let LC(30) 0,

U'ser will input changes to the ge?cralized
masses and the modal frequencies.

No changes.

User will input r?visionq to the generalized
stiffness matrix.

No revisions.

Steadv-state analysis.
Oscillatory analysis.

Tf LC(1) = 2, let LC(33) = 1.

User will input fac?ors to scale the computed
aecodynamic forces,

No factors,
Fixed value in ESP. 1ILC(35) = 1 is associated
with Mach-box aerndynamics, which is not

operational in ESP.

Compute eifgenvectors and the aerodynamic force
gradients required for flutter redesign.

Do not compute,
If Ly # =1, et LC(36) = 0,

Tf KLUE(7) = 7, eigenvectors and gradients are
alwavs computed.

For douvhlet=lattice program, displav geometric
datn ascoviated with basic doublet elements.

o

Lat :

i

o .o
‘L.JL‘ 22 4 2 4 l_‘l

2.

g2

i

u-A.,A,_J'..‘J;A,.AuJ‘J.LvAL'
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3
. item & LC(22) = 0 Compute ATC arrays as part of this job
(' (cont.) submission and save as output data file.

=1 AIC arravs exist as an input data file, and do
not need to be recomputed.

Display modal input data.1

1.C(23) = 1
=0 No display.
Lo(24) = 1 Display interpolated modal data.]
3 = 0 No display.
G LC(23) Number of user-specified mode-elimination
cycles requested for the flutter analysis.
(Distinct from automatic mode elimination N ]
specified via LC(38).) Maximum number is 25,7 1
If KLUE(7Y = 7, let LC(Z25) = 0,
" LC(26) Number of stiffness-variation cycles requested }
for,the flutter analysis. Maximum number is .!
20.° If KLUE(7) = 7, let LC(26) = O.
LC(27) Index of the vibration mode whose stiffness is ]
to be varied in the flutter analysis. If 1
b Lo(26) = 0, let LC(27) = 0. 4
a 1 r
LO(28) = 1 Display eigenvectors. If LC(1) = -1, the =
cigenvectors for the critical flutter root in ]
a user-specified velocity interval is ' R
displayed. If LC(l) = 1, the eigenvectors for
all roots between user-specified reduced 1
.] velocities and real frequencies are displaved. ol
: 1
f ]
=0 No display.
1f LC(IY = 0 or 2, let LC(28) = 0, K
® If LC(l) = -1 and LC(36) = 1, the eigenvector =
g crrresponding to the critical flutter root and —~!=
- flutter speed is always displaved. T
- .
L 4
: ]
Py tion uot cheecked in ESP. —_
§ L
. oot checked for value other than zero. 1
9 1
1 focoal o gquantities saved are not AIC's, but intermediate results of ‘.ﬂ
: cgioetior-solutien procedure (see Reference 7, pages 34-35), ‘q
' 4
|




!.“., Bl SR T fa el Wk Sadomdt Gl Al A dr A T AN A L AR S St SaiCatui Mtk AN il e i) Ca apic - T n - MM Aes Shans Bge 20 Rl At S At 20 o)
- - -
, @ 1\
-
a e
3 e
ftem & LC(16) = 0 No structural damping 1is added to the complex '
*t (cont.) generalized-stiffness matrix.’
: o |
= -1 Different damping values are added to the
generalized-stiffness matrix for each mnde.
= 1 The same value of damping is added for all
modes. - -
L. ‘
LC(17) = ! Display the number of iterations required to
obtain each root in the p~k flucter analysis, .
= 0 No displav.
’ 1f LC(1) # -1, let LC(17) = O. P
Loy =1 For the third and higher velocities 1n the p-k
t flutter analysis, the inftial estimate of each
root is obtained by extrapolating from the
root values at the previous two velocities.
r-
h =0 The value of the root at the previous velocity ¢
9 is used as the root estimate.
! If LC(1) # -1, let LC(18) = 0.
L0019 = Order the roots n{ter solution by the p-k
flutter analysis. ¢
= ) Neo ordering.
T LC(DY # =1, let LC(1Y¥) = O,
Loesny = Display the root iterations in the p-k flutter |
analysis (LC(1l) = -1), or display intermediate
8 resTlts of the k flutter analysis (LC(1) =
p
s .
b
2 . .
1 =0 No display, ’
20 Y . N : . ¢
L Fikxed value in ESP. Denotes use of subsonic
f Joublet-lattice aerodynamics. Supersenic
5 Mach-box and subsonic assumed-pressure-
. furction methods are not cperational in ESP,
.
X
! |
:. St et chiecked in ESPY
3
f eerarning stere-parameter searches, this option is net recommended.
! Ser, the dnptroduction of reslistic structural-=damping volues s suggested
4 ' oo nmaerical problems that might be encountered when some modes have
I 2
¢ v e ds o gevaedvinamic damping. <
h
) 5-21
.
& ‘
| NP T TP e a e ataaials e eteias . s o




LY ¥ T vy Yy Vv,

T
NUMBER= 1 .
DYNAMIC DOF = 173 174 175 176 177 178 Y |
INITIAL VALUE CURRENT VALUE DELTA VALUE
WEIGHT.. «28450E+024 «30066E404 «16156E+03
IXX . .10000E£+01 .10600E401 (VI 4
IYy .. +&3700E4+07 «63700E+07 0.
{2z .. «63700E407 +53700E+07 0.
RX , 208378402 «21376E+02 «539209E+00
F'Y Ot OO Ot
RZ « 1300002 +13000E+02 0.
FEX «11162E-04 «11162E-04 . q
PFY . »39162E- 04 +392162€E-04 0.
bl 4 . »93ESTE-04 »53553E-04 0.
PF,“{‘ + vl}:?OE"OC ‘13290E"'06 On
PFYY .. «28086E-07 ¢+ 30183E-07 «20970E-08
PEZL L. 61733607 +61730E-07 0.
q
HUHBER= <
DYNARIC TOF = 190 191 192 193 194 195 e
INTTIAL VALUE CURRENT VALUE DELTA VALUE
UEIGHT. . 390005409 «35000E 04 0.
TxX L10000E+01L +10000E+01 0. ...
Iyy «73000EYO7 +95000E+07 Q. )
L7 v LFSO00EYOQ7 +?5000E407 0.
Ra o S EB1P0E 4O ~.64486E401 370378400
r\.Y L 4 0& 0. O‘ .
K7 . «13000E+0Q2 +12000E+02 0. .
L I .47387E-05 +47387E~05 0. R L
PEY L, LIPADLE-04 L39426E-04 0. o
ol A 2 17257E-04 W17257E-04 oI
12 ;\:". > elZ(}éQC‘Of‘) 012662E‘06 ':'v
Pt ) L27E93E-O7 27493E-07 Q.
PELY v 1608207 »60B?2E-07 0.
L
400 Cvpleas Listing of storeo-Parametev Data from Vibration-

Analvsis Module, ;
®
®

—— - .;" l L SN N J
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3 .
- 5
. _:
E ‘ Prior to entering the eigenvalue analysis for the first analysis cycle,
LC the dynamics-model mass matrix that was entered as a separate data file (see ' —.:
t Subsection 5.1) is 1isted.l This output, partially illustrated in Figure 6-3, :
[ would be the final mass matrix used for the eigenvalue analysis in the case of i
s _ an analvsis-only run (KLUE(7) = 0 in input-data Item 6 for the main program). .
t.: However, for a store-search run (KLUE(7) = 7), the elements in this mass 4;
matrix that correspond to the store degrees of freedom are replaced subsequent o
, to the listing by new elements calculated from the data in Figure 6-1 accord- . ?
ing to thelr analytical definitions contained Iin Reference 4, Eq. (4-2), page 4
E 4—'3.2 The replacement elements, illustrated in Figure 6-4, are listed immedi- _]
3 ately after the original total mass matrix for the first analysis cycle in a - .
search, and updated values for these elements are listed in each subsequent 1
analysis cycle as the search progresses. !
t. At the conclusicn of the eigenvalue analysis, the frequencies of the -, v

tlexible modes are listed adjacert to modal indices that begin with 1 for the
first flexible mode (see Figure 6-5(a)). In a subsequent listing of mode

3 shapes, rigld-tody modes are given along with the flexible modes if KLUE(3R8)
; in the main-program Loput data i« 38 (see Figure 6-5(b)). Here, the modal-

9.

index values begin with ! for the tivst rigid-body mode, and the previous

flexible-mode indices have been incremented by the number of rigid-body modes.

“his combined-mede indexing svstem 13 followed throughout the remainder of the

. -
:.I output from the vibration-analysis module. P
X SRR
h 4
b -4
‘ n.2 - FLUTTER-ANALYSIS MODULE 1
{
»,
} 9
P". A tvpical listing from the first page of output from the flutter- .;
f' aralysis moduie is shown in Figuve -6, Here, the modal indices are changed o]
E arzain, this time based on the modes remaining following the selection process ) ]
. det{red by Ttem (2 cf the flutter-znalysls-module input data. '%
;
e e e e e e e e e e e e e 1 e o e e e o e .]
T
Thiis iTisting is obtained from search rung only. However, an equivalent )
listing, produced immedlately aftor reading the mass matrix, is provided ]

by setring KLUFV{8) = 8.

-_. Yediff ations e Reverence 4, including Eq.(4-2), are discussed in

]

g - -
Subsection >0, 1

.9

4

o

r

<
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-'V.avAA

T
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—_— T TR T Y

4

T T T e T e =

— e T =

HATRIX MAME= REF MASS {
(DYNAMIC MASS MATRIX ENTERING CURRENT FOP RUN ~ DOES NOT REFLECT STORE REDESIGN)

ROW COL

KROW

O L s N e

173
174
173

[ R

coL

S e

N s

168
147
168

174
175
174
173
174
179
i80

R

I}

VALUE
2:699999E+01
2,699999E401
2,699999E+01
4.749995E402
4.,0473460E400
4,047360E400

-1.923599€+403
1,923599E+03
3.9844463E402
9.999996E-02
?.999996E-02
7.999996E-02

~1.519999€E+400
1.519999E+00
4,199950E-01
?.999994E-02
?.999996E-02

2,0333520E+03
3,984800E+02
5.999996E-02
?.999996E-02
9.999994E-02
-8.300000E-01
3,300000€E-01
-3,599898E-01
9.999994E-02
?.999994E-02

206 X

170
171
172

176
177
178

188
189

193
174
193

206)

5
]

170
169
170

176
175
176

186
187

193
192
193

PRINT LOMER TRIANGLE

VALUE

2,060606E403

2,460606E+03

2,952039E:04
3.984463E+02
~-5.578250E+03

2,410397E+401
4,199950E-01
~6,383921E400

3.984800£+02
-5.897504E+03

7,889000E+00
-3.599898E-01
2.9879156E400

ROW COL

171
172

177
178

188
189

194
195

171
172

177
178

188
189

194
195

Model Mass Matrix as Entered via Separate Data File.

A=

TET AR T ST YWY R MUY T T LTMN TR TE TR IV Y TS T T Mot w s w e e

VALUE

6.649581E+04
3.747543E404

2,586791E+01
2.763936E400

6.966169E+04
3.747565E104

9.184927E+00
2.295925E400

n-? - Tvplcal Listing from Vibration-Analvsis Module of Dynamics-

.y
S . . PRI X . . .. . .
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If automatic mode elimination based on ratios of generalized forces to 5.‘ {E
generalized masses has been selected (LC(38) = 1 in Item 4 of flutter- ‘ .
analysis-module input data), the output illustrated in Figure 6-7 is obtained.
The data provided in Item 51B, along with the two additional velocities
calculated by the program, are listed at the top of the figure, followed by

the results of the mode-elimination test.

W ™

Typical CalComp plots of flutter-analysis results are shown in Figures

&~3 through 6-10. The first of these figures is representative of output from
a p~k flutter solution that is done either during the first analysis cycle of S
a store-search run or during an analysis-only run, The second plot illustrates
the more abbreviated p-k output obtained from a second or subsequent analysis
cycle of a store-search run. A k-method flutter solution is shown in the

third of this series of figures,

.3 - SEARCH MODULE

LA A S

The output from the store-parameter search module is discussed almost in

:‘ its entirety, since this ESP output is completely new compared to FASTOP.l ﬂ

After repeating the flutter speed (in knots equivalent airspeed) that was

!

b

»

b

t prezviously listed in the output from the flutter-analysis module, the deriva-
b. tives of the flutter speed with respect to the various store parameters are

i listed, together with several intermediate results (see Figure 6-11). This
cutput is grouped according to store~-station number, with the derivatives
being llsted first using the same store~parameter notation that was discussed

psreviously in connection with the vibration-analysis module (cf. Figure 6-1).

7

ﬁf The three arrays immediately thereafter are the matrices in Eq. (4-5), page

' 4-4, of Reference 4; S1, S2, and S3 in the listing correspond to Sx, Sy’ and

: § in rhe reference. The U and V vectors given next are the flutter eigen- O
vector and its assoclated row vector in physical coordinates for the store -

) - -®

e ——————————— — Y

. )

: The title page for this module, however, retains the previous FLUTTER

.8 OPTTMIZATION MODULE wording. .

\P' . .‘.
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Figure 6-8 -~ Typical CalComp Plot of p-k Flutter-Analysis Results from
Either an Analysis-Only Run or the First Analysis Cycle of a

Store~Search Run.
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Typical CaltComp Plet of p-k Fiutter-Analysis Results from a

Second or Subseguent Analysia Cvele of a Store-Search Run.
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Leen saved tfrom the previous cycle. The data set that should be used for the

4
testart is the last one that contains information corresponding to an analysis ol
vole in which the flutter speed was decreased. Thus, if the next-to-the-last i

wialysis cvele exhibited a lower flutter speed than the one before, the last

dera set in the TAPE48 file should be used as an input file (via TAPE47) in

i
Ao

“he next iob submission.

1
ol

The TAPE4S file is similar to the TAPE4Q file to the extent that, for the
most opart, it too consists of selected portions of the printed output.

Lowevinr, as seen in Figure 6-18, the TAPE48 file is not annotated, and there- -

VR
B -._‘_:'x oo

o u brief discussion follows in which the lines in Figure 6-18 are related

~rrasponding lines in Figures 6-12, 6-13, 6-~15, and 6-16. All these

.aires contain output from the same job and analysis cycle. 1

e Jirsi two lines in Figure 6-18 correspond to the PREVIOUS SCALED . .#

“aR1US {n Figure 6-13, and immediately thereafter is the OLD INVERSE . .

1n Figure 6-12. The next array is a set of previous scaled deriva- '-,:

I'his array does not have an exact counterpart in Figures 6-12 and _,‘j

bt fr would have been printed as the SCALED DERIVATIVES in the version _m‘?

Fiz.re 6-13 corresponding to the previous analysis cycle. The next two ]
v+, with one number per line, are the step size and the flutter speed for

vorieiows vycle.  These would have been listed in the version of Figure ;

- r that cycle. _ ‘j

1

next group of data in Figure 6-18 consists of the number of active
iootive cornstraints at the end of the previous cycle, and corresponds to

“rorvantion chown at the top of Figuve 6~12. Next, the previous-cyvcle

|

el MATRIN in Figure 6-12 is listed. The final line in Figure 6-18 i 3
the surnbetr of new constraints introduced by the previous step, }
cootae indtoes of these constraints., Tf the first number is zero, ) 1
o nnebey s the tndex ot the nearest inactive constraint in the ]
*hz step. This would have heen listed as JNEW(1) near the bottom ””!q

«v i of Figure 6-1% for the previous analysis cycle,
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7.98846E-01

----------

---------

NEW INVERSE HESSIAN AND DIRECTION

-1.41320€E-02

t

]
PG QD s =t fot P IR ) bt pos et

.3
'6
09

3.3
-7.55873E-02

7.6
-1,74844E-01

8,1258SE-01

0B15E-02
0185E-01
0237E-03

1.30813E-02
8.51723E-01
-2.15632E-02
2.58536E-01
-1.73308BE-01
1.60185E-01
-1.07947€-01

SCALED DERIVATIVES ARE

3739€-02

PREVIOUS SCALED VARIABLES ARE
5.,08220E-01

8919€-01

PRESENT SCALED VARIABLES ARE
5.21368E-01

‘1.63349E-01
NORM OF SCALED GRADIENT VECTOR =

8

24

IR Tadl

3

3

RA

R SR RN S

IEEER NP S S B b Bn £ B0 B v lbe L PC R e

IR eI B S

-4.,13634E-02

MEW SCALED VARIABLES ARE

21172E-01
57530E-01

5.20943E-01

1.,90237e-03
-2.15632E-02

?.96864E-01
3.75975E-02

1,01752E-02

-2.52032€-02
2.,32948€E-02
3.,40C77€-03

1.00308E+00

1.07797E400

1.07692E100

1323x NEW STORE PARAMETERS Xs%%x
STORE NO. 2 STORE NO.

STORE NO. 1

J.00134E103
1.00000E+00
-37000E+0¢
.37000E+06
.1 B7E+01

7
3
0
1
i
3
2
1
7

T A IOt _;r\)(r(

)
n
5
5
5
9
3
3

»—Outh»‘r.u

« v e e e v .

3.50000E+03
1.00000E+00

2.50000E+04
9.50000E+04
8.14367E+00
1.,30000E4¢:1
4,73847E-06
J3.24256E-05
1.72570E-05
1.26623E-07
2.76931E-08
$.08923E-08

CURRENT STEP SIZE =
CURRENT FLUTTER SPEED =

R W Y %

6-27

1.000
363.974

-2.28088E-02
2.58536E-01
3.75975E-02
5.49218E-01
3.02178E-01

-2.79297E-01

-5.46144E-02

-1,35837E-01

T e T W TTmMTRTY TETTY T W TR R T Y
FTW O NTETR T T YR T T

1.52897E-02
-1.,73308E-01
-2.52032E-02
3,02178E-01
7.97437E-01
1.87225E-01
-4,40454E-03

5.00426E 02

1,00000E+00 1.00000€+00

1.00000E+00 1.00000£400
1.7791E-01

1.00000E+00 1.00000E400

KNOTS

- Listing of Typical Summary File from Search Module (2 of

)
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DERIVATIVES FOR STORE NUMBER 1

v

1XX
1Yy
122

DERIVATIVES FOR STORE
-3.88106E-02
-4,55362E-05
3.26764E-06
5.26764E-06

]

IXX
Ivy
122

9.01997E-03
1.78939€-05
-2.,41730E-06
-2,41730E-06

NUMBER 2

STORE PARAMETERS FOR REDESIGN CYCLE NO. 2

THE FLUTTER SPEED HAS BEEN DECREASED BY

PREVIQUS MOVE

4,36657E-02
9.49478E-03

DELTA GRAD

3.74929E-02
-6.,60905E-02

OLD INVERSE

1.,00000€+00

0.
1.00000E+00

1.31486E-02

8.31172E-02

HESSIAN

0.
1.00000E+00
0.

0.

0.

HOLDX(DELTA GRAD)

3.74929E-02
-6.460905E-02

8.31172€-02

= DELTAX~HOLDG

6.17284E-03
7.55873E-02

CK AND 22 =

-8.996BSE-02

-.33017€-01

7.,48922€-02

8.50673E-02

0.
0,
1.00000E400
0.
0.
0.

8.50673E-02

-1,01752€E-02

6-26

0.

-1.,21997e-01

0.
0.

0.
1.00000E400
0.

0.

-1.21997E-01

1.21997€-01

+32322E-01

7.,1235 KNOTS,

0.

8.17798E~02

0,
0.
0.
0,
1.00000E400
0.

8.17798E-02

-8.17798E-02

Figure 6-17 - Listing of Typical Summary File from Search Module (1 of 2)

. PELPEE
PR . P
Py ,J! PO

A'_ :.‘




saitup

Ted1sdygd jo swia] ur siaidweied 310315 maN Surpnydouy Inding afnpoR-yoaeas jo Jurisi] [ed1dLy - 91-9 21nSy4g .

SIONN  b/6°E9€ = 113345 ¥3L1N14 ININNAD G

g . 000°1Y = 3715 4318 ININMND ]

; B80-3£2680°9 B80-3IVOEL1'9 ZZ4d e
¥ 80-31E69£°C BO-ILESTO'E AAA o
} LC-IETHFT*T  £0-3004CTE'T XXd .
: 50~3045CL°T S0-3IVESCE'S Z4 _
§0-3952k6°'F SO-3FLZPI6°F A4 )
90-3498LL'Y SO0~-30T9TT°*1 X4 -
10+30000£°*T T04+30000€°'T ZY

. 0 ‘0 AN -
% 00+3/9E¥1*9~ TO+3ZBSET*Z XN 0 o
: 90+300005°6 90+3000LE£°9 ZI & -
9 90+300005°6 90+30004E°9 Al o
5 004300000°T 004300000°1 XI E

o

£04300005°'€ £0+IVET00°E M o

L g
adtadions

‘ON 3N0LS £ °*ON 3MOLS T °ON 3IN0LS vyvd

W W

KRR SMILINYYYS JNOLS MIN xkxkx

L axeas o
< o

P e v o oy
n

T0-308545° 1~ :
1 00+300000°'1 0043000001 00+38469.0" 1 10-3%vs602°' 5 10-3c11109 .
. 3¥Y SITEAVINYA 13T7¥]IS AN ..




..l . .

Below PG, the inactiv: constraint indices for the current search point

are ‘isted, followed by several quantities defining the next search step.
JNEW(1) is the index of the nearest inactive constraint plane in the direction
of the search step. STEPS is the step size required to reach that constraint,
and STEPSS is the minimum of the two quantities STEPS and 1. VALU is equal to
0.33/PNORM, and STEP, which is the final step size, is the minimum of the two
quantities VALU and STEPSS. A further discussion of the step-size determina-

tion procedure is given in Reference 4, Subsection 3.4, page 3-9 and 3-10.

In Figure 6-16, the new scaled variables have been converted to physical
store-parameter values. Also, the scaled step size and the value of the

flutter speed before the new step are repeated.

This concludes the discussion of the printed output usually obtained from
the search module. However, as implied in this discussion, additional output
will be printed in some situations, such as search steps that require a line
search (see page 3-10 of Reference 4), that involve a move off a constraint

plane, or that terminate at a local minimum.

In addition to the printed output, the search module also provides two
formatted disk files via TAPE4O and TAPE48 as discussed in Section 4. The
fivst file contains selected portions of the printed output, including annota-
tions, and is intended to facilitate a quick review of progress made during a
search, in preparation for a restart of the search if necessary. A comparison
of the illustrative example in Figure 6-17 with the output in the previous six
figures provides a complete description of its contents. Although not shown
in the figure, the summary material in a TAPE40 file includes results for all

the analysis cvcles executed in the run from which it is generated.

The file obtalned via TAPE4AS consists of a series of results, such as
those shown in Figure 6-18, that can be used to restart a search in a manner
that takes advantage of the previously computer inverse-Hessian matrix. A new
<o of pctential restart data is obtained from each analysis cycle except the

{irat, and the information that is written in each cycle is data that has

6-24
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inverse-moment matrix 1s calculated and listed once to reflect the new inverse-

Hessian matrix; this is the last of the inverse-moment-matrix listings shown ;
in Figure 6-14. At the bottom of Figure 6~14, the Lagrange multiplicrs ;

obtained from Eq. (3-19) on page 3-9 of Reference 4 are listed.

[

Some scaled-variable results from a constrained search step are shown at
the top of Figure 6-15. The increments to the search variables, as given by
the tirst of Eqs. (3-20) on page 3-9 of Reference 4, are listed first, fol-

lowed by the contributions to these increments of each of the two terms on the

AL'-::..“‘ a a’a u. L .- ’A A.iu" v

vight side of this equation. L

The line below these arravs is associated with constraint-plane and
local-minimum tests. The first number, LAM(J), is the algebraically largest

nonzero Lagrange multiplier, and the second, LMK(J,J) is the corresponding

‘M"

diagenal eivment of the Inverse-moment matrix. The third number is defined by
BETA = & * LAM(J) * [LMK(J,J)]. The fourth number, PNORM, is the square root
of the sum of the squares of the search-variable increments. A value of PNORM R
less than or equal to BETA indicates that the constraint plane corresponding
to the index, J, in the above equation for BETA should be dropped. The
scaled-variable increments are then recomputed with the correspondingly
revised active-constraint matrix, G. The values of BETA and PNORM also are
used in the first and second parts, respectively, of the three-part test shown
on page 3-11 of Reference 4 + determine if a local constrained minimum has
Leen reached. (Since the factor % and the inverse-moment element in the
expression for BETA arc together of order of magnitude 1, and since the
Lagrange multip!ier used in BETA is the largest of the Lagrange multipliers,

the tests of the Lagrange multipliers shown in Eq. (3-27) of Reference 4 are

approxinwacelv equlvalent to a test of EETA).

The vent Juracity, PG, in Figuire 6-15 1is the scalar product of the scaled

soareh=variable increments listed at the tep of the figure and the scaled 1

®

flurter-spe derivatives in Figure 6-13. For a positive or zero value of ;

. n . . - .Y
rhiis quinticv, the wove represented by these increments is ineffective, i.e., R

: L . 4

*he tlutter speed would be incressed or remain constant. In this situation, a :
. .4
new search divection 1s cemputed based on the projection of the gradient on ]

the artive constraint planes.

6~22
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ENTERING SUBROUTINE CONSTR
ENTERING SETJGL S,

CONSTRAINT FUNCTIONS AT XN

-5.30876E-01 1,85599E~-05 -4,3756%E-01 -1.77031E-01 -4.96%921E-01 ]
~-5.03079E~-01 -6.22100E-01 -7.83000E-02 0. ~-4,99600E-16 S
-7.32420E-01 -8,563%90E-02 -1.57260E-01 q

ENTERING ADDCONs CONSTRAINT ¢ TO BE ADDED
INVERSE MOMENT MATRIX» LMK

1.0016E+00 0.

S L
4" ‘
. _._L._.AJJ Ry

0. 1.0000E400
JSET = 2 9 |
ENTERING ADDCON, CONSTRAINT 10 TO BE ADDED ]
ol
INVERSE MOMENT MATRIX» LMK 7
1.0016E+00 0. 0.
0. 2,0389E+00 1.45SSE+00
0. 1.4S55E+400 2.0391E+00
JSET = 2 9 10 , - _q
JSET = 2 9 10 SN
INVERSE MOMENT MATRIX, LMK ;;;ji
1.0016E400 O. 0. K
0. 2,0389E+400 1.455SE+00
0. 1.4555E+400 2.0391E+00

ENTERING LAGMUL -

rv—‘ A S D e o,
(] e

LAGRANGE MULTIFLIERSs LAM

DAL Rl i Saln s 4

-1.3727€-01 -4.6189€-02 -4,5319E-02

S EXIT LAGMUL -

Figure 6-14 - Typical Listing of Search-Module Qutput Pertaining to
Introduction of Constraints (results shown are for different
"8 analysis cycle than those in other figures containing search-
] module output).
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scale factors provided as input data via Items 81 and 8K of the vibration-

analysis module. As mentioned previously in the discussion of Figure 6-12,
this and other scaled arrays contain elements only for the store parameters
for which the input scale factors are nonzero. The sum of the squares of the

scaled-derivative elements is shown at the bottom of Figure 6-13.

The array immediately after the new inverse Hessian in Figure 6-13 is the
product of the latter array and the scaled-derivative array. The result is
the direction array given by Eq. (3-6) on page 3-3 of Reference 4 (without the
minus sign). The last array illustrated in Figure 6-13 defines the search
point for which the analyses and derivative computations have just been
completed. The immediately preceding array gives similar information for the
previous analysis cycle. Fu. the first cycle, the previous and present arrays

are identical.

The next group of search-module output pertains to the introduction of
constraints, and is illustrated in Figure 6-14. For a first pass through the
search module, or if the number of active constraints was previously zero, the
positicn of the present search point relative to the constraint planes is
calculated by substituting the scaled variables into the expression on the
left side of Eq. (3-1) on page 3-1 of Reference 4. The result of this
calculation is the first array iliustrated in Figure 6-l4. A moderate-size
negative value for an element indicates that the present search point is
inside the search space with respect to the constraint plane having an index
corresponding to that element. An element value greater than -0.001 is
contfdered within the program to denote that the search point is on or outside
the constraint planc corresponding to that element. In the sample output

showir, constraints 2, 9, and 10 are active.

/oprojecticzio of the search direction along the active constraints is
nerformed as discussed in Subsecticn 3.3 of Reference 4. As each successive
constraint is introduced (except the first), a listing is given of the
inverse-moment matrix (see page 3-9 of Reference 4) corresponding to all the

ronscratnts that have becen introduced te that stage of the calculations. If

ne aew constralnts are being intreduced in a particular analysis cycle, the
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The next two arrays in Figure 6-12 are the changes, relative to the
previous search point, in the search variables and in the partial derivatives
of the flutter speed with respect to the search variables. For these, as well
as the subsequent arrays in Figure 6-12, the size of the arrays is determined
by the number of nonzerc scale factors entered in Item 81 of the search-module

input dara.

Next, the Inverse-dessian matrix, 1.e., the inverse of the matrix of
second partial derlivatives of the flutter speed with respect to the search
variables, is listed for the previous search point. Since two search steps
are required to develop the inverse Hessian by the procedure used in ESP, the
default identity matrix will be listed if the current search point was reached
following tie first seacch step.

Below the old inverse-Hessian matrix are several intermediate results
obtained during the calculation of the updated version of this matrix. The
appcoach used to calculate the inverse Hessian is discussed in Subsection 3.2
of Peference 4, and the final expressions used are given as Eqs. (3-12) on
parge 3-6 of thar veference. Iirst, the values of the second term in the
second of Eags., (3-12) {is listed, and then the sum of hoth terms in that
equailon is given. The last two quantities are the value of ¢ from the third
vt Fqe. (3-12), und the scalay product of the previous Z array (v in Egs.
£3-12)) with itself. The latfer quantity is used in a comparison test with ¢
o determine if the inverse-Hessian increment given by the second term in the
ricst of Egs. (3-12) will he unacceptably large. [t it is, Z2 is used in
risce ot ¢ in this term., Messages are printed for this and other tests if a

wodsfleation ot the irst of Eqs. (3-12) 1s appropriate.

The uew luversc~tesstan crray, zenarally obtained according to the first

s {3-1v), ie shown at the top of Firgure 6-13., For the first entry into
the sear~h medule, this wiil he the tlrst cutput after that illustrated in
Cigure 610, and the new inverse Hessian will be the identity matrix. The

tled-derivative arvay, which 1s the third group of ontput in Figure 6-13, 1is

~hrained by ocenbicing the derivatives illugtrated in Figure 6-11 with the

-8
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r STORE PARAMETERS FOR REDESIGN CYCLE NO. 2

AS RESTART BEGINS THERE ARE 3 ACTIVE CONSTRAINTS WITH THE FOLLOWING INDICES

‘ 2 9 10 0 0 0 0 0 0 0
0 0 0

AS RESTART BEGINS THERE ARE 10 INACTIVE CONSTRAINTS WITH THE FOLLOWING INDICES
i 3 4 5 ) 7 g8 11 12 13

0 0 0
r THE INVERSE MOMENT MATRIX IS
«1001611E401 0. 0.
. 0. +2038927E+01 +1455487E+01
i 0. +1455487E+01 +203906BE+01
i THE FLUTTER SPEED HAS REEN DECREASED BY 7.1235 KNOTS.
ENTERING MURT
l PREVIOUS MOVE
4,36657E-02 1.,31486E-02 7.48922E-02 0. 0.
7.49478E-03
DELTA GRAD

.74929€E-02  B8,31172E-02  8.,50473E-02 -1.21997E-01 8.17798E-02
-6,60905E-02

( OLD INVERSE HESSIAN
1,00000E400 0, 0. 0. 0.
8: 1,00000E400 0, 0. 0.

S §Z 0. 1,00000E+00 0, 0.

7 2. 0. 0. 1.00000E4+00 0.
c. 0. 0. 0. 1,00000E+00
0 0. 0. 0. 0.
1.0000GE+00

YOLUX(DELTA GRAD)
1.74929€-02 3.31172e-02 8.50673E-02 -1,21997E-01 8.17798E-02
-6+ a090SE~02
.2 NELTAX-HOLDG

-6,99686E-02 -1,01752E-02 1,21997€-01 -8.,17798E-02

"
(R
IORY
wrl
~d G
(B
mm
[ |
O QO
rJ 4

K AND 72 -+33017E-01 +32322€E-01

<)

“lgure n=12 - Typical Listing of Search-Module Output Defining Constraint
Statug, Search Progress, and Intermediate Results Required for
Ulpdating the Inverse-Hessian Matrix (Obtained Only After
Second or Subsequent Analysis Cycle).
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degrees of freedom (see Eq. {(4-1), page 4-1, Reference 4). The vector com-
ponents are listed as pairs of real and imaginary parts in an eorder corres-
ponding to the store degree-of-freedom numbers (cf. Fipure 6-4 and associated
discussion). The units of the rotation degrees of freedom are rad./ft.,
assuming a uormalizaclon with respect co displacement. The quantity CSOT iy
defined by Eq. (9.7, page 107, ¢f Reterence 1, Volume l; it is a repeat of

the last listed item hetore the print-piors In the flutter-analvsis module.

The next groap of outouc £ be described (see Figure 6-12) appears only
| % y

arter a scarch step has beoen vaken, i.e., in a second or subsequent entry to
tiie scarch moduele,  Av the top of the figure, the status of the search with
respect o the varinus constraint planes is given., The numbering system
corvesponds to tihe order in which cenztraint planes are defined bv means of
either the grovps of constrainy-eguation parameters entered in input-data

ttems 3K and BS 7 TTCCYT = §, or the points on the constraint planes entered

co Tiens BOO (Do LVTOL = Ly, Yoow 80 {fee ITOC = 2), and/or Item 8GG (for ITOC

The next “tem in Figurve 6-12 is the inverse-moment matrix defined near
the tep of page -9 of Reference 4. The version of this matrix that 1s Tisted

v this Figure was computed jo che pravious search step, and the values in

Jlsure ©v-l2 are a repetition of the values provided toward the end of the

T3 oyqe
Mau

ot out oy that step (See te 6-14 and associated discussion below). The
ize of che inverse-moment matrix, 3x3 “or the case shown in Figure 6-12,

correspunds o chie auvmber of active constraints,  This matrix, as well as all
savesquent zearch-medvle printed output except for flutter speeds and the new

L e pavingters, are given ia terms of scaled variables,

Jre [lurtrev-speed change listed next is with resnect to the value {or the

te first entrv to the

—-

v oy aaatveis cvele. This gquantity s listed for ¢
oo reiite a3 wail o2s for the second and subsequent entries, but for the

Yarst o entry, the proneed cosult o ls oarirdugless in that it is with respect to
Drdoserdrrer iy viga o dnirtial value speoified ror VNFW o fn ltem BK ot the

Sehrati oo=analvsis-godaly inpat data,

-0

(
"

M

i L@
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E;:[ The reader is reminded that, as indicated in Items 8A, 8J, and 8K in :.':_"-
r Subsection 5.2.2 of this report, a restart run requires certain changes to the .
E primary input-data file in addition to the use of the restart file as an input
via TAPE47.
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APPENDIX A e
NASTRAN/ESP INTERFACE *lj.,

A.l - COSMIC NASTRAN

-

“

As was discussed briefly in Subsection 5.1, one form in which dynamics- T

model matrices may be read in ESP is that provided by the OUTPUT2 routine in j};¢j

the COSMIC version of NASTRAN (see Reference 8, pages 5.5-24 through 5.5-27). {

In this Iinterface as presently implemented, any matrices that are to be - ]

obtained from COSMIC NASTRAN must be written via the same output unit. In the : !,

control-statement sequence, the local-file designator for this unit is UTI,

and, in the required additional DMAP statements, the unit designator should be

set to 11. _ f;

o

It is noted parenthetically that an interface in which matrices are e
wrictten to separate files (via different output units) would have provided the

aser with a greater freedom of choice in selecting combinations of ESP input

~atrices. However, at least for the CDC April 1984 COSMIC NASTRAN release, ;:.:.!F
for wnich the present interface was developed, the code as delivered provides If3i¥f
for only one output unit in conjunction with OUTPUT2. A Fortran modification Eﬁfi:;
covid be introduced to obtain the more general capability described in ;_ﬁ;;%
Reterence 8. However, it was judged that most installations would probably be ::::i?
! s ing the program as recelved from COSMIC, and that users at these R
. incrallarions would prefer to restrict their OUTPUT2 usage to a single unit %>ﬂfi
! »1rher than change, or request a change to, their original NASTRAN source T lz
} de -
- “ -9
,v ‘* is noted also that difficulty was encountered in obtaining results fi{ﬁh
: CTTEPNT? using release 17.7 of COSMIC NASTRAN. Thus far, the procedure .\--i
b vescribed herein has been used successfully only with the April 1984 release, ;::“ia

o
X
UM

-
N . P .
R . L
w W ‘

- An illustrative control-statement sequence for executing the April 1984

L]
ala’ o e

cetease of COSMIC NASTRAN on the NADC Central Computer Svstem is shown in

Pigere A-i.  In addition to cortalning the time parameter, the JOB card




T T T T T T LsToTe—w LTIy —————— e

Mt ias Jii

NASTRAN TXXXXySTNOS.,
ACCOUNT »UUUUUUFFFFFF.
GET»DDDODDD,
DEFINE»UT1=KMOM, . -
GET»NASTAB4/UN=SYSTEMNM,
REGIN» s NAST4B4,
RFL»1600G00,
REDUCE(-),
LINK1,ODDODOD,
g
r’ =
Figure A-1 - Typical Control-Card Sequence for COSMIC NASTRAN Run to
Prepare OUTPUT2 File for ESP.
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cpe.ifles execution via the NOS operating system. Execution is initiated via

1 rhe LINK} statement, in which the second term is the input data file,
y

The permanent file name KMDM, shown in conjunction with local file UT! in
rigure A-l, 1s intended as a reminder of the required matrix order in the

CUTPUT? file. As will be seen from the subsequent discussion of the addi-

r:onal DMAT statements, each letter in the OUTPUT2 permanent-file name is the

A -

tirst letter of a DMAP name that has been assigned herein to one of the four e

- i itrices used by ESP: .}
L

: o K - flexibility matrix ~ 3
o M - dynamic mass matrix B

p N D

i

rigid-body~-displacement matrix

o M - plug mass matrix

1 “ole however that, as indicated in Subsection 5.1, not all ESP input matrices
h> .t pe read from the same source, and therefore the OUTPUT2 file should not

b aecessarily include all four of the matrices listed.

Figure A-2 shows a representative set of DMAP modifications to Rigid

iormat 3 (Normal Mode Analysis) to obtain a file of the desired ESP matrices

i1 OUTPUTZ. The statements to be added to the Executive Control Deck are

shown in part (a) of the figure. Part (b) shows these statements in the

rontont of the original DMAP sequence, so that the relationship of the alters

v the riglid format in which they are inserted can be seen without having to

reter either to the printed DMAP sequence in Reference 8 (pages 3.4-1 through
-} or to a listing obtained from a NASTRAN execution using a DIAG 14

‘orcutive Control card. For a more complete understanding of the relationship

sotweer the alters and the original DMAP sequence, the reader may wish to o

- - mezos
r..onit the description of the DMAP operations in Rigid Format 3 given on T

[ o+ 4-7 through 3.4~11 of Reference 8. ?% o
b 4 ey conslderation in determining the DMAP alters for prcviding the ESP .J
mtrices 1s the set of units used in the NASTRAN analysis. Independent of the - “ii

L’. Ll
- ~rvece of the needed matrices, the units must be as specified in Subsection P
v} For the case 1llustrated in Figure A~2, the Bulk Data was in the same N

r- .. t- as those used in ESP, and a PARAM WTMASS card had been included to :
A-3 -

.9
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62
63
64
65
66
66
66
66
66
66
66
66
67
68
68
468
68
69
70

Figure A~2 ~ Illustrative Modifications to COSMIC NASTRAN Rigid Format 3
(Normal Mode Analysis) to Obtain Desired ESP Matrices
via OUTPUT2

ALTER 66
SOLVE
MATFRN
FARAMR
FPARAMR
ADD

ADD
MATPRN
ALTER 68
MATPRN
QUTPUT2
OUTFUT2

SHP1
SMFP2
LABEL
COND
RBMG1
SOLVE
HATPRN
PARAMR
FARANMR
ADD

ADD
MATPRN
REMG2
RBMG3
MATPRN
OuTPUT2
OUTPUT2
RBMG4
LABEL

el oS

(a) Additions to Executive Control Deck

(b) Modified Rigid-Format-3 Listing

- B - P i e e e A . A Shdh ~ Radh e L Bl = Ea il |

- atmal

KLL/KLLIZ 8 e
KLLIsrsr//7 % . -@
//7%kDIVX/VyNRECWUTM/1.,0/CY»WTHMASS ¢ _—
//7%COMPLEXX//VsNsRECUTM/0.0/VsNsRECWTMC ¢
MLL»/MLLW/VsNyRECWUTMC ¢

MRRs /MRRW/V:NsRECWUTMC $ . .
MLLWYMRRUWs»»// & o

DMsyrrsr// %
KLLIsMLLWyDMyMRRW,//-1/11 %
rr99//-9/711 %

* 4
° .
® o
USET»KFFs»y» s /GOrKAAYKCOYLOOY»sry $
USET»GO'MFF/MAA ¢
LBLS 3§
LBL&REACT %
USET'KAAMAA/KLLsKLRsKRRyMLLMLR?MRR ¢
KLLs/KLLI/ ¢
KLLIsrro//
//7¥%¥DIVEK/VyNyRECWUTM/1.0/CrY>»WTMASS $
//7XCOMPLEXX//""sNIyRECWTM/0.0/VsN»RECWTMC ¢
MLLs /MLLW/VSN>RECWTMC ¢
MRR» /MRRW/VsNyRECWTMC $
MLLWIMRRUWs »s// ¢
KLL/LLL ¢
LLLsKLRYKRR/DM %
IMssr>»//7 ¢
KLLIsMLLW, DMy MRRUs»//~1/11 $
sr99//-9/711 %
DMsMLL s MLRYMRR/MR %
LBLS ¢
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convert the weight data to mass units within NASTRAN. To ceturn to the weight
units, the reciprocal of the WTMASS parameter (RECWTM) was computed, and this,
when converted to the required complex form, was used to multiply the dynamic

mass matrix (MLL) and the plug mass matrix (MRR).

To be consistent with the procedure for reading the COSMIC NASTRAN
matrices in ESP, the first parameter in the OUTPUT2 calling sequence (see
Feference 8, page 5.5-24) must be -1 when writing the desired matrices. The
second parameter, which is the output unit number, will, as noted previously,

usually be 11 for CDC COSMIC NASTRAN. The third parameter is not needed, and

is therefore omitted in the example shown in the figure. Following the use of
OUTPUT?2 to write the matrices, a second OUTPUT2 statement is included (accord-

ing to instructions in Reference 8) to write an end-of-file mark.

As a final comment on obtaining ESP matrices from COSMIC NASTRAN, and MSC -
NASTRAN as well, it is noted that the dynamics idealization used must vLe

chesen so as to be consistent with the ESP interpolation procedure. Specifi- O

cally, the dynamics grid points must lie on a set of spanwise-oriented lines

! as illustrated in Reference 1, Volume I, page 86.

Tc complete the discussion of the interface between COSMIC NASTRAN and
'SP, a sample of the printed output that is obtained from ESP when matrices
are read from an OUTPUT2 file is shown in Figure A-3. The printing of the
{lexibilitv and dynamic mass matrices is controlled by KLUEV(7) and KLUEV(8),
respectively (see Subsection 5.2.2); the rigid-body-displacement matrix and
the plug mass matrix are always printed. The matrix name shown in the ESP

1

listing i3 taken from the name used in the OUTPUT2 DMAP statement.
AL 2 - MSC NASTRAN

The interface between the MacNeal-Schwendler Corporation (MSC) version of
MASTRAN and ESP parallels that developed for COSMIC NASTRAN except for a few
variations. First, to provide greater freedcm of choice in selecting combina-
ti~ns of FSP input matrices, the four desired matrices are assumed to be

written by MS5C NASTRAN via OUTPUT4 to three different output units rather than

A-5
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READING COSMIC NASTRAN
NUMBER OF COLUMNS
NUMBRER OF ROUWS

1,0000E+00
3.,2374E-15
2.2774E-10
1.0000E+00
-4,6411E-12
-2,6587E-10
-1.,4661E-11
-1,23462E-10
-3.8408E-11
-4,56407E-02
-4,6407E-02
8.2763E-09
3.1170E-09

~6.3810E400
1.0000E+00
1.6479E~-09
-2.84628E-07
1.,0000E4+00
1.1644E-07
1.0000E400
1.9330E-08
1.0000E+00

3
130

READING COLUMN 1

NUMBER OF

3.5441E~-14
~2.3313E-13
1.0000E+00
-1.2897E-11
2.,9308E-07
-3.2529E-11
5.,9053E~10
7.,1660E-11
2.6592E-09
~95.8957€E -10
-1,5956E-10
-5.4285E~-11
-1.2079€-10

ROWS READ =

~5.4770E-13
1.0000E+00
-1.2897E-11
2.2781E-10
-2.,2524E-09
4,.8359E-10
-4,5631E-11
1.6474E-09
-4,2439E-10
-4,6407E-02
-3.3057E-02
6.3358B8E~09
3.4353€E-09

READING COLUMN 2

NUMBER OF

1.,0000E+00
5.1404E-13
-1.5791E-07
1.0000E£+00
2.,1656E-06
1.,0000E+0C0
-6.6430E+01
?.9863E-01
-2,2900E+402

ROWS READ =

1.5607E-12
1.6552E-12
1.0000E+00
1.6479€E-09
-1.8100E+02
-~1.,2600E+02
4,6917E-08
-5.2340E-02
-9.8517E-08

MATRIX DM

130

1.0000E+00
?.4279E~-16
2.2778E-10
4,1930E~-07
-3.0687E~-10
-2.,1033E-10
-4,9853E-12
-5.2270E-02
-3,8408E-11
5.2812E-10
1.253%€E-09
-5.7732E-~-11
-1.7612E-10

130

-3.7010E+00
1.0000E+00
1.6479€E-09
3.1751E-06
8.8518E-08
1.0246E-07
1,0000E+4+00

-8.8280E+01
1.0000E+4+00

3.44735E-14
-4,5516E-14
1,0000E+00
-5.6440E-09
-9.79686E-14
-6.1954E~-11
6.0109E-10
-1.35679E-12
1.1875E-08
-4,6407E-02
-3.,30S7E~-02
4.,5312£-09
4.,6702E-09

1.0000E+400
?.2646E-14
~2.0545E-07
-2.,1575E+02
1.,0000E4+00
1.0000E+00
-4,9675E+01
~-3.,0605E-08
-2.,2900E4+02

Figure A~3 -~ Typical ESP Listing Obtained When Reading COSMIC NASTRAN
OUTPUT2 File
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only one as with COSMIC NASTRAN. Three units should be used, rather than
four, because the plug mass matrix is considered to be appended to the file

containing the dynamic mass matrix.

A second difference 1s that the ESP interface with MSC NASTRAN has been
written to take advantage of the two matrix sparseness options that are
available in the OUTPUT4 routine (see Reference 9, pages 5.4-91 through
5.4-92a). The usually sparse dynamic mass matrix is assumed to be transferred
using the sparse option, and the transfer of the other three matrices is done

via the nonsparse option.

A typical set of MSC-NASTRAN DMAP alter statements for Rigid Format 3 in
CDC Release 63, April 1983, is shown in Figure A-4, part (a). To show the
context in which these statements are used, portions of the resulting modified
PMAP listing are given in part (b) of this figure. A comparison of the
OUTPLT4 statements contained in the figure with the OUTPUT4 description given

in Reference 9 illustrates the points made in the previous paragraph.

Figure A-5 shows the form of the printed output from ESP when reading a
matrix from an OUTPUT4 file. The "type" of the MSC NASTRAN matrices (see
Reference 9, page 5.4-~2a) is required by ESP to be real, single-precision,
.nd, to provide a check that this rule has been followed, the numerical index
for the type is listed from the first record of each OUTPUT4 file. The header
‘nfermation for each column, which is obtained from the beginning of the
GHTPUTS record for that column, provides additional information for checking

nurposes related to the data~condensation features in OUTPUT4.
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181
181
181
181

212
212
212

250
250
250
250
250
250
250
250
2051
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ALTER 181 . \
SOLVE KLLs/KLLI/ ¢ K
MATPRN KLLI//Z ¢ .
OUTPUT4 KLLI//~3/11 % DR
ALTER 212 |
MATPRN DM//7 3 SR,
QUTFUT4 DM//-3/12 § o
ALTER 250 -
PARAMR //DIV/VyN/RECWTM/1.0/WTMASS $ - St
PARAMR //COMPLEX//RECUTM/0.0/VsNyRECWTMC $ Sy
ADD MLL» /MLLW/VIyNYRECWTNMC ¢ - .i
ADD MRR s /MRRW/VyNsRECWTMC ¢ e
MATPRN  MLLWsMRRW// $ Y
QUTPUT4 MLLW//-1/-13 % ol
OUTPUT4 MRRW//-2/13 ¢ Y
S
(a) Additions to Executive Control Deck !1
. ;

L

]

UPARTN USET»KTT/KLLs yKLRsKRR/T/L/R $
SOLVE KLL»/KLLI/ 8
MATPRN KLLI// $
QUTPUT4 KLLI//~-3/711 8

L

®

®

REMG3 LLL»»KLRyKRR/DNM ¢
MATPRN DM/77 ¢

OUTPUT4 DM//-3712 %

[ 2

L
o Sy
UPARTN USETMTT/MLLy s MLRsMRR/T/L/R $ . 1
PARAMR //DIV/VsN,RECWTM/1.0/WTMASS ¢ I
PARAMR //COMPLEX//RECWTM/0,0/VsN,RECUTMC $ )

ADD MLLy /MLLW/VINS>RECWTMC $
ADD MRR+»/MRRW/VsNIRECWTMC 3 ]
MATPRN MLLW»MRRW// % 4
OUTPUT4 MLLW//-1/-13 3 _

OUTPUT4 MRRW//-2/13 % -_ﬂ
RBMGA4 DM»MLLYMLRsMRR/MR $ : "l

[ ]
pd g
[ ) e
(b) Modified Rigid-Format-3 Listing qi
o
Figure A-4 - Illustrative Modifications to MSC NASTRAN Rigid Format 3 ]
(Normal Mode Analysis) to Obtain Desired ESP Matrices S

P SR W PR

via OUTPUT4
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APPENDIX B

IMPLEMENTATION OF CAPABILITY FOR RIGID-BODY MODES

Since a capability for representing free-free modes was contained in the
FASTOP code from which the original version of ESP was developed, a major -
portion of the capability for including rigid-body modes in the output from
the vibration-analysis module could be implemented by simply obtaining the
mode shapes themselves from the transformation matrix from relative to

ibsolute coordinates. R

With the mode shapes being available, the rigid-body generalized-mass
terms could be readily calculated as an integral part of the calculation for
the the flexible-mode generalized masses. The rigid-body portion of the
zeneralized-mass matrix would generally contain off-diagonal terms, however,

since the ignorable coordinates, or "plug'" degrees of freedom (see Reference

IV | A._L'A Py

1, Volume 1, Section 7, pages 48 and 49), would generally not be coincident

wirh the airplane center of gravity.

[

With the introduction of a capability for user specification of zero- e
~ivspeed rigid-body frequencies (see page 3-2), a procedure for calculating
r1zid-body clements in the generalized-stiffness matrix was required. It was

“idged most desirable for the user-specified rigid-body frequencies to apply

N v: ' . i ¢
. A_J.‘._)_J.J L

to uncoupled modes, f.e., to modes in which the rotations are about the
tir-iane center of gravity. With this approach, the effective rigid-body

t

~p ity would be located at the center of gravity, and the generalized-stiff-

PO

drss matrix. In terms of modes defined by the plug degrees of freedom, would
iy iior t~ the peneralized-mass matrix in that it too would contain off-

Ferme,

in tte discussion that follows, the elements of the generalized-

u®.

Cifiness matrix are developed in terms of the elements of the generalized-
rosw matrix and the specified natural frequencies for a rigid-body system with
.10 t-anslation mode and one rotation mode. Thereafter, expressions are given
far the move general modal combinations associated with either symmetric

ciongitudinal) or antisymmetric (lateral) motions. D -;

PSR WL U W T UP Y W WES S I I PRI IR T PRRPERP U sk, - AA-A.‘X‘:“i‘
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If the system shown above has mass m and moment of inertia I about the

center of gravity, the equations of motion may be written as

khd

md h 1 kh h
+ = 0 . (B-1)
] 2 - ’ 2 5
I + md 8 khd k, + khd

8

m

From inspection of the figure, or from a solutio:. of the equations of motion,

the natural frequencies of this system are

. e 1/2
o = e /m T = /DT (B-2)

To develop the desired relationships between the generalized-stiffness
matrix elements and the generalized-mass matrix elements and the natural

frequencies, Fq. (3-1) is first rewritten as follows:

fhn ”‘:m] ( . ) S Sas h
' + = 0. (33

Yy ”eeJ ( K s Lan Kas ?

O

By comparing Pqs. (B-1) and B-3), it iz seen that d mav he written as

(B-4)

d = Mhe/Mhh )
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Now, by using all of the above equations, three of the generalized-
stiffness/generalized-mass/natural-frequency relationships may be written

immediately as

2

Kh = Y %n (8-5)

% 7 Mo 9 (5-6)

K = M mz = (B-7)
6h oh “h Kho -

The expression for Kee reaquires some algebraic manipulation. First, an
expression for I is formed by comparing Eqs. (B-1) and (B-3) and substituting
Eq. (B=4):

86 Mhh :

Substituting this result into the second of Eqs. (B-2) yields

2
Mo\ 2
ke = (Mee - qh- wg - (B-9)

“inally, after equating stiffness elements in Eqs. {(B~l1) and (B-3), and

I = M (B-8)

:riitzing Eqs. (B-4), (B-6), and (B~9), the desired expression for Kee is
2 2
- (M ) Wm)(f . <Ww>lﬁ
00 86 h 8 Mhh h

2
= MBG wé + (—M—hﬁ-) (ml_?1 - wg) (B-10)

rained:

for the general symmetric case consisting of fore~and-aft translation,
vertical translation, and pitch, which will be denoted here by the subscripts

i, 2, and 3, respectively, the generalized stiffness elements are

~ -
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%t Kjp = My (B-11) o
& -

) K = K = M 2 (B-13) .

-ﬁ 13 31 - 3% 3

: K. = M, w (B-14) T
9 22 22 W2 -]
r ) T

Ka3 = Ky = My3 95 (B-15) 25

-
1
A.Al

W N

2

M

ﬁii) (wi - m%) ) (B-16) o
ii )

L For the general antisymmetric case consisting of lateral translation,

33 33 byl

|
e
]

IV TR

roll, and yaw, denoted by the subscripts 1, 2, and 3, respectively, the

generalized stiffness elements are:

2

H
8.

_ K = Mypep e (B-17) .
-
& R, = K, = M. (B-18)
S 12 21 12 Y1 ¢
K = K = M 2 (B-19) -
13 31 13 Y1 .
s
-
K. = K,, = M. o (B-20) :
23 32 23 "1 ¢ o]
. 2 <
) M -
- 2 12 2 2 -
_.. . Kzz = MZZ wz + (b_(l—l-) (wl - wz) ’ (8-21) S -
| X L
M o
2 13 2 2 -
Qe K = M, ow, + | o= (m -w ) . (B-22)
33 33 Y3 (Mll) 17 Y3 _,!ﬂ
' The calculation of the rigid-body generalized stiffness elements in ESP _'i
. is performed via Eqs. (B-11) through (B-22). Oy
L |
= R
. -)
. - .4
- B=4 BN
. =~ ‘1
. o
- =
K
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APPENDIX C
DEFINITION OF CONSTRAINT PLANES

For the results obtained from ESP to have the most practical significance,
it is desirable that a minimum-flutter-speed peint in the store-parameter search
space be close to an actual store configuration. This in turn makes it
desirable to define the search space in such a manner that regions with no or
few store points are minimized. One step that can be taken toward meeting this
objective is to allow isolated extreme store-parameter combinations to fall
outside the search space, and then analyze these points individually. Beyond
that, however, the degree of refinement of the search-space boundaries will
usually be dependent primarily on the amount of effort devoted to the

constraint-plane definition.
C.1 = FULLY INDEPENDENT SEARCH VARIABLES

The simplest approach to the definition of constraint planes is to
assame that the range of the search for each store parameter is independent
of the value of every other parameter. With this approach, only an upper and
4 lower bound for each search variable need be specified, and the search
space, when scaled according to the suggestions in Item 8I, Subsection 5.2.2,
will then be a unit multi-dimensional cube oriented such that each
scavch-varlable axis is normal to one pair of parallel cube faces. Items 8P,
8R, and 8S, which are the data items associated with the general method of
constraint-plane definition in ESP, will then take on the following valvies:

o The number of constraint planes, MSTAR, which determines the number
of columns in the array G(J,I), will be twice the number of search
variables, NPARM.

Fach unit normal vector, constituting one column of length NPARM in
the array G(J,I), will have only one search-space component, J, that
is nonzero. For the upper-bound constraints, that nonzero component
will be +1.C, and, for the lower-bound constraints, it will be -1.0.

A sample G(J,1) array for fully independent search variables is shown

in Figure C-1(a).

p

-‘ 1
@ LJ.A.
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MSTAR
= (2*NPARM)
NPARM | 1.0 -1.0
= 1.0 -1.0
1.0 -1.0
1.0 -1.0
1.0 -1.0

(a) Fully Independent Search Variables (5 variables shown)

MSTAR
= (2%4) + (1%2)
NPARM G(l,1) G(1,2) G(1,4)
+1 G(3,5) ... G(3,8)
G(4,5) ... G(4,8)

1.0 -1.0

(b) Partial Two-Dimensional Search-Range Dependency (l fully independent
variable and 2 store stations with two-dimensional dependency
represented by 4-sided polygons)

MSTAR
=8
NPARM G(1,1) G(1,3) G(1,5) G(1,6) G(1,7)
=3 G(2,2 G(2,4) G(2,6) G(2,7) G(2,8)
G(3,3) G(3,5) G(3,8)

(c) Three-Dimensional Search~Range Dependency (1 store station with
dependency represented by polyhedron with 8 faces)

Figure C-1 - Illustrative Unit-Normal-Vector Arravs, G(J,1)
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o In Item 85, the scaled distance, B, to each constraint, I, will be
measured along the search-space axis corresponding to the single

nonzero component of the associated unit normal vector.
.2 - VARIABLES WITH TWO-DIMENSIONAL SEARCH-RANGE DEPENDENCY o

In general, an effort toward some refinement of the search space will be
warranted, and, if the refinement is limited to two variables (e.g., mass and
pitch inertia) at each station, it is easily introduced in many situations. A

key consideration is whether the range of store parameters at one station can be

assumed to be unaffected by the stores at other stations. If so, the

constraint equations for each station can be developed independently, and the

two variables at each station for which the search ranges are to be mutually

I‘_ dependent will constitute a two-dimensional space such as the schematic shown .
in Figure 3~1, page 3-2, Reference 4. Any other variables at each station, R

for which no search-space refinement is to be introduced, will be independent '}{?-

of each other and also independent of the two variables involved in the

z ret inement. - 4

The determination of the contributions to G(J,I) and B(I) from each
tvo-dimensional space may be accomplished using either of two approaches. A
nrimarily graphical approach involves: (1) drawing an outward normal from the
‘! scaled search space at each polygon side, and then determining its direction
cosines (components of the unit normal vector); and (2) measuring the scaled

narmal distance from the origin to each polygon side or extension thereof.

Alternatively, the scaled polygon vertices may be used to develop an equation

- wach polygon side; then these equations may be manipulated into the form

L
:: 2iven in Eq. (3-1), page 3-1, Reference 4, from which the desired results are
- cmmediately available.

[

P. The data in Items 8P, 8R, and 8S may now be obtained as a combination of

the results for the individual store stations:
o MSTAR, which corresponds to the number of columns in the array
G(J,1), will be the sum of two contributions: (1) the sum of the

number of sides associated with the polygons for the two store

parameters at each station with mutually dependent search ranges; and

Ty e 'Y ¥
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(2) twice the number of additional mutually independent variables {as
in Subsection C.1l).

o The columns of G(J,I), which are composite unit normal vectors
conslidering all search variables at all store stations, will in
general have two nonzero elements for those vectors associated with a
polvgon side. Vectors associated with constraints for mutually
independent variables will have one nonzero component (as in
Subsection C.1). A G(J,I) array illustrating this combination is
shown in Figure C-1(b).

o The array B(I) will be comprised in part of elements equal to the
distances to the polygon sides and in part of elements similar to

tnose in Subsection C.1.

C.3 - VARIABLES WITH THREE-DIMENSIONAL SEARCH-RANGE DEPENDENCY

If the refinement of a store-parameter space is to be carried a step
further, such that the search ranges of three variables are considered
mutually dependent, the previous discussion might lead to the conclusion that
three-dimensional modeling is required. However, as is discussed and
illustrated in Subsection 7.2 of Reference 4, an alternative procedure is to
define the desired enclosing polyhedron for a three-dimensional space (e.g.,
mass, M, pitch inertia, I, and longitudinal center of gravity, x) by
constructing constraint lines in three two-dimensional spaces ({M,I), (M,»),

and (x,1)) successively.

An important advantage of this approach, other than facilitatins the
definition of the three-dimensional search boundary, is the fact that each face
of the resulting polyhedron appears as a line in at least one of the thiee
rwo-dimensional spaces. Thus, the unit normal vectors to be provided in the
.{J,1) array will each consist of no more than two nonzero components which can

be determined from two-dimensional plots exactly as described in Subsection C.2.
The data in Items 8P, 8K, and 85 of Subsection 5.2 will again consist ot

4 combiration of the data for individual stations. As in the previous

suhsection, fully independent search variables may be added to those having

C-4
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: dependency, and, if desired, two-dimensional dependency mav be assumed at one
[ store station and three-dimensional dependency at another. For this more

general situation:

o The number of constraint equations, MSTAR, will be the sum of: (1)
the total nu.ber of polyhedron faces; (2) the total number of »
polygon sides; and (3) twice the total number of mutually ‘!

L independent search variables.

again have at most two nonzero components. However, the two

: o The unit normal vectors, which comprise the columns of G(J,I), will
nonzero components for a polyhedron face may correspond to any two of -

the three search parameters associated with that polyhedron, and,

Py

therefore, as 1llustrated in Figure C-1(c), the two nonzero clements

in a column of G(J,I) will not necessarily he contiguous.

L o Since the polyhedron faces for the variables with three-dimensional

dependency may be viewed as a polygon side in a two-dimensional

J:‘L' :

space, the B(I) array here will be similar to that in Subsection C.2.

C.+ - VARIABLES WITH HIGH-ORDER SEARCH-RANGE DEPENDENCY

|
. "..J-‘A;\_'f

When a further search-space refinement is deemed necessary, such that the
search ranges of four or more store parameters are mutually dependent, there is

not now to the author's knowledge a procedure for readily defining the

geometric optimization program that would provide the arrangement of a

specified number of hyperplanes that minimizes the interior volume containing
the set of actual store-inventory points. Until such a capability is
available, perhaps the best approach to use, when it is important to consider
tour or more parameters to have mutually dependent search ranges, is to
prrform searches in two (or possibly more) successive three-parameter spaces:
The tnree parameters that are judged to be most important from a

flutter-speed point of view would be included in the first search space, and

r constraint hyperplanes. Perhaps the best ultimate solution would be a

{

5

[

[}

’.

R then the minimum-flutter-speed point(s) found from the first search would be
»

used as starting point(s) for a search in a second space that would include

other store parameters as variables.

C-5
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As has been noted in Subsection 5.2.2, one special case ot a tour-parameter
problem that can be readily accommodated at present is the situation in which
pitch and vaw inertia are considered to vary in an identical manner (KCONST =
0 in Item 8J). The number of variables with mutually dependent search rangses
is now reduced by one from a program-logic viewpoint, so thit the approach of
Subsection C.3 is directly applicable. Even when pitch and yaw inertia do
vary indepeudently to a significant extent, the "slaving" approach will
probably censtitute a good first approximation. A follow-up search can then

be done, as discussed in the previous paragraph, in a space containing pitch

and vaw inertias as separate variables.
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