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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 N00019-84-C-0123, "Computer Code for

I'lutter-Critical External-Store Configurations". Funding was provided via

O)r. 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",

r;ovides instructions for using the ESP program and presents descriptions of

typ ical output. Volume II, "Final Report on Program Enhancement and Delivery",

n -scribes the work that was performed under the two contracts. A listing from

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

'i p I tion".

ihe contributions of many individuals to the successful completion of the

-,racts are gratefully acknowledged. Ms. Ann Marie Novak performed much of

Work required to convert the original IBM code to a CDC version. Highly

ii-'ble consulting support was provided by Mr. Richard Chipman, the primary

Ieveloper of the original ESP version, and by Mr. Dino George and Dr. Joel

!1irkowitz, key developers of FASTOP. Assistance on computing problems was

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

Sar'les Bores, Mrs. I1nda Ehlinger, Mr. Joel Halpert, Mr. Luke Kraner, Mr.

)r lid MacKenzie, Mr. Mario Mistretta, Mr. John Ortgiesen, Ms. Florence

'iL;)fneimer, and Mrs. Noreen Woit. Key contributions to making the ESP

,'am operational on the NADC Central Computing System were made by Messrs.

*ierr R[chey and Howard Ireland of the Naval Air Development Center.

,i,', Mr. Louis Mitchell of the Naval Air Systems Command provided valuable . -

,t i-,to program features which would be important to practicing flutter

! ;' , and also provided helpful suggestions during the preparation of this

*t
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I - SUMMARY

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

configurations has been developed and made operational on the Naval Air

Development Center Central Computer System. The new program, designated ESP

(External-Stores Program), is a derivative of the previously developed Flutter

And STrength Optimization Program (FASTOP).

Three key ingredients in ESP are:

o A p-k flutter-solutlon algorithm that includes an automated procedure

for defining the flutter speed.

o A calculation of the derivatives of the flutter speed with respect to

the store parameters,

o A gradient-direrted numerical-search algorithm to seek out progres-

sively lower flutter speeds within a parameter space defined by the

range of store parameters at each aircraft store station.,

A restart capability is available for continuing a search following a

visual review of the search status after a run. Also, an analysis-only option

p ,rr iu,; i ,isec to avoid the inclusion of input data required only for perform-

1-, ii - ,rt_2-parameter search. To facilitate the introduction of data required

i ,r- i.,, dvnamIc Idfalization of an aircraft, an automated interface has been

( e\el-,pod between ESP and both the COSMIC and the MacNeal-Schwendler

,,,pration versions of NASTRAN.

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

I ol>-,ectlve of quickly evalu,3-ing the feasibility of the store-searchV', , rogram structure has not been optimized for minimum computing

.,' i ,t i Iopt Ions in the program have been checked. Thus, the current

- <t , hc :ud be considered as a "pilot" code. Nevertheless, the unique

r,,;, I j! i,s of ESP have hben shown to provide substantial advantages over

! ..,,, appronches to the store-flutter problem. Therefore, this user's

,:; prepared to permit early utilIzation of ESP on practical problems.

I-I
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2 -INTRODUCTION

During the development of the Initial version of the Flutter And STrength

0otimization Program (FASTOP), Reference 1, uinder contract F33615-72-C-1i0l

trkti the Air Force Flight Dynamics Laboratory, Mr. Keith Wilkinson, the

pruiert engineer on that contract, recognized that much of the technology

t~ ig sed for minimum-weight structural resizing in FASTOP also had the

uwtemt il fr suibstantially reducing the time and cost required to determine

";0,h combh1 vt ions ot wing-mounted external stores would result in the lowest

'-ci flutter speeds.

1~sc~In: ti nder contract N00019-76-C-0160 fromn the Naval Ai~r Systems

minas well a:,: co-mplemenrary Grumman Independent Research and Develop-

'il)jeta se-arch algorithm for wing/store flutter was developed, refined,

Lte. :1d1b modlfving and expanr1ing the FASTOP code (see References 2 and

'_- *n this, development effort led to a pilot program that exhibited both

-l'iahiIlity (absence of s-earch failure) and good convergence character-

., or i~ascoat inued uinder a second NASC contract, N00019-79-C-0062, to

a::- tucs esirahlp for practical applications and to demonstrate the new

Sr rOl<Vo~S rugram (FSP) on a representative attack aircraft and its

i strc: inventory (qef Re!ference 4). The project engineer on these

-wi, 'Ir. Richard Chipman.

tli por forriance aind the advantages of the store-search procedure

Stc, cntiirwed, ut ili zat ion of the procedure on current aircraft

* .' aI'imae desir:0lf:e. To permit early availabIlity of ESP to practicing

* 'o 1 ,and to inc rease the applicability of the program to modern

7 irait ,liith tninner, more flexible wings, the following additional

in 'de r fontriactc£ NOt) J -81I-C-0395 and N0(01 -84-C-0 123:

':ratechn ical enhon-corncs were introduced, including:

An increa-se from 20 to 40 in the maximum number of modes that can

1)o alnculated in ') vibration analysis and used in a1 flutter -

i na 1s>

t':i V ier inicliiding rigid-body mrodes

2-1
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o Logic for eliminating modes from a flutter analysis based on J
ratios of generalized forces to generalized masses

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

itles at which generalized aerodynamic forces are calculated and

later used as a base for interpolation.

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

oniy a conventional flutter analysis is desired.

) The pilot code, previously available only as an IBM version, was

converted to a CDC version compatible with the Central Computer

System at the Naval Air Development Center. This included a sub-

;tantial reduction in computer central-memory requirements.

A capability was introduced for reading the dynamics-model input

matrices either directly from NASTRAN output files or from card

magos.

I !use r's manual was preheared.

'ivo id unnecessarv duplication, the content of this report complements

t ded to be used in conlunction with prior FASTOP and ESP reports.

! iptt s of Input data common to FASTOP and ESP, the reader is re-

.' ,,V,,ld II of either Reference I or Reference 5. Theoretical docu-

oti ,. the vibration- and flutter-analysis methods is contained in

:f Reference 1. Thecretical documentation of the store-search

0 ** , J cntained in Reference 4.

.... .'P ,n of ESP described in this report was developed for execution

..imuting euipmont having extended-memory capability, and most of the

* ,tained herein should be applicable to any such installation.

'h,' 4rfo;mation on control cards in Section 4 is written specifically

Lyquipment and NOS operation system at the NADC Central Computer

-0
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PROGRAM OVERVIEW

Ih, External-Stores Program (ESP) performs a gradient-directed numerical

searchi to determine those combinations of external stores that are most

fl,,tter-critical for a given aircraft design and flight condition. The search

ii; perfrc med In a parameter space defined by a user-specified range of possi-

';rtore properties (Including both mass properties and on-diagonal pylon

,.-,{'A'ties, if devired) at each store station. A search step consists of a

--,,-modl .alvsis, a flutter analysis, a calculation of the derivatives

c:., u tter speed with respect to the various store parameters, the

orL, iuntion -f a new set of store parameters, and, to start the next search

, ndifi atmion (If the svstem mass and flexibility matrices based on

lit-e !-,ew piarmeters. The search is started from a user-specified set of

.-~, r- rv-m,rers, and Is continued until either a local minimum flutter speed

o.er-speclfied number of search steps has been performed. If

r 'nc'tr, a minimum has not been achieved after the specified number of

fie cntaining recent values of key search parameters is saved to

-. in continuing the search in a new job submission if desired. To

,-, ,r os,;es7nent of the progress made during a search, an auxiliary

;:,pared, separate from the primary output to be printed, in

-i;mnl-- Is given of key parameters at each search step.

*1 * :'A f ' (;N-ANAI Y SI S >IODUIE

} r-at ",.n-anay.aiq sprocedures in ESP are basically the same as those

7-:tr,, And S Trength Optimization Program (FASTOP) from which it was

. il,,wever, the meains of providing most of the dynamics-model input

Sl: : ha: r c,"inged to facilitate the transfer of this Information

.m ,ra other than the Strength Optimization Program (SOP) in

* : ,: ij f rall, there is now a direct interface to ESP from both the

te MarNeil-Srhwend]er Corporation (MSC) versions of NASTRAN for

'V-<it," matrix, two matrices containing the required mass data, and a

* liinlucerents in the dynamic degrees of freedom due to unit rigid-

,T ,,ent!. A de:ocription of the steps required in a COSMIC or MSC

i i, obtain thece matrices in an ESP-compatible form is given in

* 1 r~ .1' '-in, i r 0,-T del input natrin ices may ;lso he read into ESP as

1-- .
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, air 5 ;ige fiZes .hich could be created either manually or by a user-provided

-conversion program that is run following the execution of another

ream program.

Ojier LSP vibration-analysis-odule changes from FASTU)P include an

.'so in the maximum number of dynamics-model degrees of freedom (220 vs.

i :o.! vihrati on modes (40 vs. 20). Also, as a user option, rigid-body mode

i cm e appended to the structural vibration modes for inclusion in the

k' ilt fiutter analysis; the maximum total number of modes is also 40. To

::ni. imited degree of user control over rigid-body dynamic characteristics

* ,t :-nct hc modelled well or at all with the present capabilities of ESP

,.m -dvnamics or nonconventional fuselage geometries, or flight-control-

-m.: ,ts), nortzero values ThaV be specified for the zero-airspeed fre-

. - , t.h: id-bodv modes. This capability will provide maximum

v,., in con junction with the capability in the flutter-analysis

,,ici, sy available in FASTOP) for specifying zero-airspeed modal

It is suggested that the input values be selected so that,

.Jr .:,Ith the effects of the program-calculated aerodynamics, the

-,I -. , characteristics at vw-locities close to the flutter speed are

A discussion ot the implementation of the rigid-body modal

tlhc T:hSP vibration-analysis module is contained in Appendix R.

;--A>A(IS N)ODULE

oter -anaivsis procedures in ESP also are basically the same as

r' uot stain some significant changes have been Introduced.

' . i t se in the maximum number of modes In the vibration-

e ccre.;ponding number for the flutter-analysis module also

C "1om 2u to 40. In addition, to address the much broader

%;i ociti(-e that must hr- used when rigid-body modes are

o' 'i :;nal'vsis, a change from 6 to 15 was made in the maximum

in-,. t t 1t, :s for which generalized aerodynamic forces may be

', and 1 arter used as a base for interpolation. Related to

tt, .icra ilz-d-force interpolation accuracy test described in

I otnn r, paiy'e-: 88 throuh 9!, has been deleted, and the actual

9-2
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mimber of reference reduced velocities to be used in a particular analysis is

iow a user-specified quantity.

Another flutter-analysis-module modification related to the capability to

IncIde rigid-bodv modes was a change to a two-zone generalized-force-interpo-

lit ion ,rtlhod (one zone for high reduced velocities and one for low reduced

) in the flutter-solution procedures. With this approach, no values

!iitdepeident or dependent variable approach infinity for either very

verv low reduced velocities. This change is transparent to the user.

A n .',, :,Ioture introduced into tYe flutter-analysis module is a capability

t'caiy eliminating from a p-k flutter solution any modes that

I!. - . !:,t,!iIlc-ntly affect the predicted flutter characteristics. A mode

, t,fi .ben the -;i' io of the modulus of the on-diagonal i.",neralized-

.CCU I , the value (,f the c,-rresponding generalized-mass term, is below a

-- if :l value ol that ratio for each of three airplane forward velo-

'. ee the cnmputing time used in the p-k solution is approximately

i, ini n t the cube of the number of modes, and, for problems with many

, - -- k s, lutLon time is a large percentage of the total time, utiliz-

,; ture can significantly reduce computing expenditures.

V .... Inrh nect ve f FqSP and FASTOF are very different, much of

he FSP flutter-optimization module is new. Flutter-velocity

-!t r ,'-lculated tnr store mass, inertia, and center-of-gravity

pvlon flexibi. ities for tip to five store stations, and a

Lf, tcal search technique is used to determine the loca-

,, ,:-aimettpvilon-fl eibility space at which the flutter

- -: detailed description of the ESP search procedure and

I ,ns is giv"n in Reference 4, Sections 3 through 5.

7' 0 : ie I 0~

' . .. h -:'o tivt ,'e> i 'SP was to provide an automated

s, torr iing; flutter-, ritical combinatienq of extern l



:*,: t his prog-am, like FASTOP, also may Le used in a conventicual analysi'

Jt sired, By setting a single clue, program steps involving a search

o-,111d, and Input data requi red fo, searches can he omitted.

.. RA i !,I. ITlls

vf ,-n :1t . S 1-S doct!mt-nted in this report, although enharced in

. c, ! ram the %er ion that existed at the conc Ius ion of the work

'- O: rence 4, muslt still he considered a "pilot" code. The pr,-gram

h,- e pt iriized fcr minimum computing time, and, f.or the nost

0) opt ions; itual I.- used for the demonstrat ien described in

. ., e .he.ked. Fot the options that have not been checked,

, ffect hove been included as footnotes to the oorresponding

a. ;t{ s- Iin Si"'sctiOn 5.2.

• - . .. °S



not ed that the data, tde-o r ipt ion tfar FA'1Pl vei in Rcterencn 5

1ae 24-307, 1 a- ident i cz ! ta) tice descr ipt ion jii RefIerence I

.,t ''u FLUE(S) in I temp 6 oft tie ma in-program data , wh ich , as spec i f ied

i-idummyv variable in ESPE Thereforie , the fall owing text may he used

!,ic't i-r. w~ith either of these Cef ,renTces. To assist in cos

icthe page niumbers fn Ret erevices I and 5 correspond ing to each

i -rty tdata have horn TI tI ted in the I allowinrg subs~ctions immediateiv

ic lsrn( Referent, VIune ilrg 195-201, cr Reterence 5,
."~'.ar p , aget- 22'-2 1

id .Je-ti-Al to FASTUP.

FF n 0,, no L ente r store-search moduile , i e
$21!''' anis'i 5on>'7.

iden: con tare fearch. Requi res that IKI.'(3)f

8) = 0U. in . o r lir ab 1e In 1750

- ~ ~~~ de:Sjit ATOP.

I . - n



o The first data group on each card should be nonbl nik; me c)r both of

the other two may be blank.

Yfew additional comments on the dynamics-model matrices follow. Fir:+t,

Pted that the modal-Interpolation procedure in the flutter-analysis

t equ ires that the Input modal data be specified at point, along a sut

vw -, ;o- -1.. t-nted I ine.a (see Reeference I, Vouime I, page F' ) ' erei, f re,

r. , ;csi eal izat ion us.ed r- create the input matrices to the

n '-.; ia is moi Le should be de fined with this requirement in mind.

,! n the vibratian-analivs;is module in ESP cannot accommodate a

.. 1 mass matrix. Therefore, the masse.< at all dynamics-model grid poits

- , ,o , and, at those g-id points for whi,-h rotation degrees of

, .re us-I, the correspi.r:ding moments of inertia also must he nonzero.

, cin NASTRA.: i se to de f ine the ESP dynam4 cs-model Im t r ices,

. - t- be passed (using the procedures described in Appendix A) ,re-

-,:- Ornd Iin. to the 'anal vs i (or "sol ut ion") set . Therefore, the

, '- '. Se.,tte used mst e ,aI h that the store degrees of freedom are

d rdanat c.

?-: A+ .. "T :ri -DA'IA F1 1.F

,_ w r !to t, F ' . t, a considerable exton' simi lar t that

, , w- 1" l..ItJ ir, Refu-r -,c. I, Volume II, pages 195-279, the primary

- - Icc th.: c:,-,:t holes i on data which is new for ESP. To avoid unneces-
S ,.,f ,escrtative itformation for FASTOP which are

,,not n in RE P, are simply desc rbed a quch.

' s - rc v- .' r w , t !.e data-item numbers in Re fe rCne

..... 4:. t I d t irom tht was prex- cISly used in 1-S'I0 (1

LI ,, - . in i, the associated variab e i st and e c -ipt 1c

. ! r!-n-idertd to rep I oc- the info rmation i Refereoe I.

-- , 1 -- I: -llit iv(. be en retained unchanced in ESP, a nes'

- 1 - 5 hen: sue t' pr(,vide further clar l icition. Lor dAtiI!

T -0 - - . i TI im 1; Alvo ke; V --rn created h- ippendlm,, Iot[ter

A OPcmor

-LQ6.+



,)!.,w the dynamic mass matrix in input file TAPE25. In the single input file

ui-,<d f or COSMIC-NASTRAN matrices (TAPE2O) , the following order must be adhered

>~ lexibility matrix, mass matrix, rigid-body-displacement matrix, plug

raoruitrix. Additional specific instructions for writing the NASTRAN files

ont a ied in Appendix A.

Whnthe dynamics-model matrices are provided in card-image form, the

* jlo~data-preparation instructions may he followed for all three

iFoirtran format should 'be (3(214,El%.5,1X)). Pach group ot three

rmncsIn this format consists of a row number, a column number, and

ti -1uricnt value.

t',! iatrix elements should Vs: provided.

Th- lemenLS shouled be in consecutive order by row.

i !ir', t element of each row should constitute the fi"rst data group -

,sn a mn.card.

.1 h card, oxcept that containing the last element in each row, should

vt: a fall compi emeiit of thrce data group,,.

'1,,~rd containing the matrix elements should be followed by a blank

dtile inistructikrns just listed may be relaxed for individual

all'01ows:

r v mra t r i~x

o-(w aind columin numbers are optilonal; i e. the f ormat may be

i i han card is lint required.

tinz~ uu ,t rix owut,t mist be provided.

tc. r datai grclm: . osi card niay he hiani' b ut each card

Evn I la.r (b Lai4-s cardI 3hou id have at leaist one data group.

f i -t e I ement speci fled for ea ch rew should be on a new card .

di~~~ ~ 'n -, I-~ctma x
r-1t ri> I' co f 'a~ P1A Fprovided.

no, !e ent-rder Inc mrl iu remuinnt



perturmed, the Initially arbitrary values are r placed by new values computed

witbin rSP based on data provided in the primary input-datii file (see Items

uin S isectjon 5..'.). Subsequentlyv, the!se values ;ir. updated as the

I npl~r d it' 1 - i Ir 25! : i 1' Itd -
t r

TI. r i te

.. .. . (< degrees of freedom that i-r t % -

ir di(ling the plug motini-i. 11, 1

. . *, ' 1:. the flexibility and ma-c I t'

" , I,- t ,e rigid-body-displacemc,' r . ii>.

U , .'. a c'r , s-,tu,.:m de I matrices Sholl 'i

r k V I I . . .. j I I I r (I T' M -m d I n I I r c

. : i M gla 'l t 0',t'' 1 ,. 11 1] ' l " . Tr., 1 t I M 1 i t ,i t' ~ I

•~ '., '':', t : r c v -,.! , d fy v. t; 'i P - 01f;, t r' t ~ I'.

.............. ..... NASTRAN, , t) ciir,-im:ipe

, ,.<,;,>eIv. To -j Prear extent , t!he souirce Mf eali (A the foti-

.'•,C- r; ,iI-; A N ,S .ATN, , 'r c,ir-d-imaiw, ;iles) can be
, ;,:r.e ,r eaci of the others. - .owe\er, both mass ntrices

- ,U Ice, 'nd. If any' matrices are obt o,ined "rc.m tOSM C

Y C) ! 1? t mat r ix tn. t he f ron .0Ii MI C' NAi,''RAN. 1,en tho sourclHtfe

M 11'A pa 'IRAN , a r d I m a g L C' I) I t r carq t Imat e X I t

" ' oi~ra xet tesreofec t tet



Ch,, inboard direction, and positive M is associated with upward vertical

.'ioiacement of the left side. These modifications produce a sign change In
iij off-dagonal terms in the sixth row and column of Eqs. (4-2) through (4-5) -

I ference 4. The degrees of freedom that should adhere to the coordinate

, m in Figure 5-1 are primarily those that are used at the pylon/store

a.Lcnt points. However, for a wing represented structurally as a beam,

'.,ei'rfes of freedom that are used for modal interpolation in the flutter-

. i m .dile should be defined such that nose-up rotation in pitch is

' 4(1dert ; positive when downward vertical displacement is positive.

a store-parameter search is being performed, certain elements in the

.'"liLv and mass matrices that are supplied to ESP may be arbitrary. For

, c..t illit, matrix, the on-diagonal elements associated with the store

-sf freedom are arbitrary, and, for the mass matrix, all store-degree-

,.-, t1'meuts are arbitrary. Before the first vibration analysis is

"' (INBOARD) M (NOSE UP)

-(LEFT" UP) ! //
--(LEFT UPATTACHMENT

>( -
X (FORWARD)$ '

.- ' (NOSE

'IRIGHT)
i7 -DO WN)

/ - - CENTER OF GRAVITY

IS, SV, s')

Fig;irt' 5-i -- 5tore Dvn.-mic C c,rdinate System
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5 -INPUT-DATA DESCRIPTION

Ci

- DYNANICS-MOIEI. DATA FILES

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

matrice-; that must be provided to ESP from an external source:

A '!exibilitv matrix. This has been called KLLI in the Illustrative

NASTRAN DNAP alter statements shown in Appendix A in Figures A-? and

cA mas-z matrix associated with the dynamic degrees of freedom other

than those that are assumed to he fixed when computing the flexibility

'TJ~rX.For brevity, this matrix will hereinafter be referred to

.cvp~y as the dynamic irass matrix or mass matrix. The NASTRAN name

':Fed' for this matrix in the DMAP alter statements In Figures A-2 and

~x~artemass matrix for the degrees of freedom at the assumed

fr-ee-body support points. Following the terminology in Reference 1,

Vcllmt -,et on 7, pages 48 and 49 , this will hereinafrer be

refori-d to as tho "plug" mass matrix. The name MRRW his been used

f this matrix in the Illustrative DMAP alter statements cited above.

Smc:t;'.x containing displacements in the dynamic degrees of freedom

ji, ti, , rit rigid-hody displacements at the free-body support point or

plug 'rh s matrix is called DM- In both the COSMIC and MSC versions of

<- ' *i 'Ix s reaId in FSP, is arranged such that the displacements in

vroedvnimic Jegrees of freedom due to each unit rigid-body

t-cc11pv one ryof the matrix. The rows should be ordered such

1trF~its ation modes precede rigid-bcdy rotation modes. The

V.m-tr iY is the s;ubmatrix in Eq. (7.15) of the reference

;IVi 7, -mvde I mat r ices shi Id iipp iy to a hal f-ai rpl ane, and, for

egrtces of free'l>r, should b(- developed following the coordinate

-,,nr ',n ~ T coordinate system is a variation oif that

'tr -I c' .efererc ': To permit utilization Of matrICes from

a]

*wsirtv hc lsed n a right-hand coordinate system, Y is- now positive

5-1
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As a final comment oil the illustrative control-statement sequences, it is

( i-,tei chat the implied Judgmnent concerning, which files are to he considered

1iect-access and which are indirect-access should be used tor initial

~I~iIceonly. Also, where there is a significant possibility that a file

~could he in either category, depending upon its contents for a particular

.ioplication, the direct-access option has been selected. Thfi; is especially

.yui icable to TAPF24, the mass-matrix file. If this matrix is obtained from

NASTRAN, it can probably be considered as indirect-access, whereas, if it

in -nid-itiage form, it might havc to be direct-access.

L '_
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TAPE08 is a composite of up to 15 files which contain aerodynamic-

Influence-coefficient matrices (see note I on page 4-5) calculated at a

>peciffc Mach number for the reference reduced velocities. In the

illustrative control-statement sequence for an analysis run, shown in Figure

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

Figures 4-2 and 4-3, these AIC's are being used. The creation of AIC's in a

eparat, initial analysis run, rather than as part of a search run, Is

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

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

, er€.& c-mputlng time, it is suggested that the initial analysis run utilize

.I,,. I< reijvd for the flutter solution rather than the p-k method. A quantita-

':,i.cc'ttlon of the savings to be realized from these guidelines can be

:'t , i , rom Tqble 4-1.

n. rifth !ossible input file, read via TAPE47, is used only when restart-

,,:. Ve ~FIgurt 4-3). This file would have been created via TAPE48 as an

L:rv'l file fr m a prior search or restart run. Additional information on

-., ,ie is contained in Subsection 6.3, beginning on page 6-24.

- four output files may he created and saved via ESP. In addition to

, , fle and the restart f11e which have already been discussed, there is

1 .te for obtlalnlng plots of the flutter-analysis results, and a file

ia -; rniarv ,f key parameters ;it each step of a search. The latter

t i!nedl vi,, iA\'Ff) as Illustrated In Figures 4-2 and 4-3. In most cases,

S,'i, ~' .:rteractive review of this file will permit a search to be restarted

w i. r P idenr'e if required.

,plt Ie, which may he obtained from any search or analysis run, is

S r,- ;i ThlY60. in a search run, the plot file contains the plotting

)y a! T'lurter analyses performed during the search. The conversion

. plt file to actual hard-"opy plots using an NADC CalComp plotter Is

, "m !,;ihed vi a a tanuiliv compI ceed request form. Therefore, this step

to , C .. he assi ,tance of an on-site NADC person.

4-7
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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

'j, The four digits in the file name designate the version of the program

re trm..> of the vear and the month in which it was created. The six-digit

. Dm prameter on the pro 5 ram ATTACH card designates the user number under

. h the program absolute file is stored. The third parameter is the

7-.-coated password. Navy personnel wanting to run ESP at NADC may obtain the

.;t t.,,: larameters by contacting Mr. Robert Richey, Code 60412, Naval Air

t-e opmant Center, Warmiusler, PA 18974, (215) 441-1944.

n1put data to ESP consists of a user-prepared card-image file read via

4,),;, plus up to five additional files depending on the options specified in

. FV4. 1 ]j. From one to three of these files - read via TAPE20, TAPE25,

'.P~i' - contain four matrices which together constitute most of the data

. to define the analytical model cf the airplane dynamics. These are:

t K.bi !tv matrix, a mass matrix associated with the dynamic degrees of

,,d,, ot't-r than those that are assumed to be fixed when computing the

.t: matrix; a separate mass matrix for the degrees of freedom at the

tql fi ree-body support point; and a matrix containing displacements in the

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

,, ,prL point. Each of these matrices may be read into ESP in a form

with output from NASTRAN (either the COSMIC or the MacNeal-

d orporation (MSC) version), or they may be read as card-image

• .. ieo obtained from COSMIC NASTRAN are all read via TAPE20.

:'KAN -mtrices or, card-image matrices are read as follows: the flexi-

ri× via TAI-E20, the two mass matrices via TAPE2, and the rigid-

(ijic,,"cement matrix via TAPF26. In the illustrative control-statement

, hon ain Figee 4-i thyough 4i --3, it has been assumed that all

are coming from COSMIC NASTRAN, and therefore only TAIE20 i; active.

'A.TPAN or card-image matrices, the statements that have been com-

!)t wth asterisks would be activated in place of the currently activf

4-6
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Table 4-1

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

Vii n ct i on Problem Size CP Time
(dec. secs.)

: ~ iT-nl yAsis 200 degrees of freedom 90
40 flexible modes

*~n'~and save double-lattice 60 panels 60
~e rodn im ic i n fIy ence coef- 15 reduced velocities

S(ArC's) and compute 8 modes
Aeneralic!ed f orces

rtvi -us~y saved AIC's to 60 panels 6
'pit z-neralized forces 15 reduced velocities

8 modes

'->Thd Lutter solution 20 reduced velocities 1
8 modes

'. I (, Iutter solution2  40 velocities3  70
8 modes

C ;- etnoj flutter solution 40 vel ocities 3  6000
40 modes

ni,,ti- ti tt sr soIu t ion 212 velocities 4  3400
40 modes

Wv.f~ocaluloionaqd200 degrees of freedom1
r ~i 8 modes

6 store parameters

L t -\!,4Arf, T~ot AIC' s buit intermedi ite results of
- r~i ra cedtir. isee Reference 7, pages 34-35).

-- '..IS (if derivatives of generalized forces with



ESPRUNR, TXXXX, CM300000, EC7O ,STPOO.

ASCOUNT?,UUUUUU ,PPPPPP, I
ATTACHABS=ESP85O1/UN=NNNNNNPPW=dWWWWWWW.
A rTACHPTAPEO8=AAAAAAA.
GET, TAPE i6=DDDDDDD.
ArTACHTAPE2O=CCCCCCC.
*ATTACH, TAPE2O=FFFFFFF.
*AT TACHYTAPE25=MMMMMiMM9
,gGET, TAPE26=TTTTrTT.
GET, TAPE47=IIIIIII.
LIEF INE, TAPE6O=GGGGGGG.
C:OPF'YTAPE08PFLO8O1A.
C.I 'Y SFtTAPEO8,FLO802A.
CO'YEBFYTAPEO8YFLO8O3A.

* C72YEaFYTAPE08YFL04A*
COP'Y8F TAPEO8YFLO8OSA.
C,OPYBFPTAPEO8YFLO8O6A,
COPYBF, TAPEO8,FLO8O7A,
COF'YBFPTAPEO8PFLO8OBA#
COJF'YBFPTAPEO89,FLO8O9A#
COPYFTAPEOBYFLOSIOA,
COF YDFFTAPEO8tFLO8i lA.
COPYPF ,TAPEO8PFLO812A.
COPEBFTAPEO8PFL0813A.

* C.O!.YBFTAPE08PFL0814A#
.,:GYEBF, APEoBFLO815A,

* FREWINDFLO80AFLO802AFLO603AFLO804AFLO05AFLO0O6A.
REWLItDFLO8O7AFLO308AFLO8O9AFLO81OAFLQB11AFLO812A.

'A,,IINO, FL0813Ai,FLO814AFLO815A,

SAVE ,TAPE 40S S SS SS S.
SLAQE, TAPE48=0000000.

* . .e Typtcal Control-Card Sequence for Search-Restart Run Using

Previ~ously Saved Aerodynamiic Influence Coefficients.
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ESF'RUNS, TXXXX, CM300000, EC7O ,STPOO *

ACCOUNT, UUUUUU ,PPPPPPP *
RFLiEC=70.

* ATTACHABS=ESP851/UN=NNNNNPPWWWJWWbI.
ATTACH, TAPEOS=AAAAAAA.
GET, TAPE16=DDJDDDD.
ATTACH, TAPE2O=CCCCCCC.
*ATTACHYTAPE2O=FFFFFFF.
AATTACHFTAPE25=MMMMMMM.
*GETPTAPE26=TTTTTTT.
IIEFINE, TAPE6O ,GGGGGGG.
C[JF'YE8FYTAPEO8PFLO8O1A.

COPYBF7TAPEO8 PFLOBO2A,
COPYBFtTAPEO8vFLO8O4A.
C-OPYBF ,TAPEO8rFLO8O3A.
CGFPYBF?,TAPE08PFLO8O5A.
COFYBF ,TAPEO8rFL0806A.
COP YEWTAPE089 FLO8O7A#
rCOPYRFYTAPEO8, FLOBOBA.
COPYDF, TAPEO8vFLO8O9A*
COPYBFPTAPEO8,FLOBIOA.
COPYEW ,TAPEO8,FLO811A.
'PYBFrTAPEOS tFLO8I2A*
COFYBFTAPEO8tFL0813A.
COPYBFYTAFE08?FLO814A.
CFYBFPTAPEO8rFLOB15A.

* REWINDFLO8OlAFLO8O2AFLO8O3AFL0804AFLO8O5AFLO8O6A.
* REWINDFLO8O7AFLO8O8AFLO8O9AFLO81OAFLO811AYFLO812A.

REWINDPFLO813A.FLO814APFLOS15A,

SAVE, TAPE4O=SSSSSSS.
AEYTAPE48=OOOOOOO.

2 --2Typical Control-Card Sequence for Initial Search Run Using

Previously Saved Aerodynamic Influence Coefficients.
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-5PSRLJINA TXXXXPCil300000 ,EC7O, STPOO.
ACCOUNT, UUUUUU ,PPPPPPPP,
~-P.EC=70.

AT rACHtABS=ESP8501/uN=NNNNNNPPW=WWWWWWW.
ciET iTAPE16=DDDDDDD.

V TTAC HTAPE 20 =CCC CCCC.4 ~ ~~ AT TA CHFTAPE 20 =FF FF F FF.
A,,TTACHTAPE25=MMMMMMM.
*GEFTYTAPE26=TTTTTTT.
L~i.F INE vTAF'E08=AAAAAAA.
'I NE, TAPE60=GGGGGGG.

Ei4IDFLO801AFL0O2AFL0803AFL0804AFLO0O5AFL0806A.
'',:!)"ND; F"',';B7APFLO808AiFLOB09APFLO81OAFLO811AYFLO812A.
tK £ UI N DYL cj 3 AtFL 0814AL 0815 A.
Cr)0F'YE*F FLO8O1A, TAPEO8.

AJPYDF7FLO8O3APTAPEO8,
k:3PYBFFLO804APTAPEOB,

LG'PPL-)805ArTAPE08.
'0 PYRF rFLO8O6ArTAPE0B.
C-OPYEBFPFLOGO7APTAPEOB.
i FYEBFYFLO8O8At TAPEOB.

;O1tYF P LO8O10A wTAPE08.

.OF BF, FLO8I1APTAPEOB.

.F?."BFP FLO812AYTAPEO8.
(YF F FL.013A P TAPEOB.

P.~F, FLO08i14A vTAPEO8.
:>"'EFVLO8i5ArTAPE08,

-Tvplcai Control.-Card Sequence for Analysis-Only Run in Which

Aerodynamic Influence Coefficients Are Calculated and Saved.
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4 - CONTROL CARDSI
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

tho.,e shown in Figures 4-1 through 4-3. The first figure illustrates an

anaivsis-only submission in which aerodynamic influence coefficients (AIC's)

irc to ,e calculated and saved. The second figure illustrates a search run

ti;:lng previously saved AIC's, and the third figure shows a restart of a

tu. The last letter of the job name on the JOB control cards in these

*i , wa_ chosen as an identifier for each of the three types of runs. The

,,Qtr) cards for a fourth type of submission - an analysis-only run using

; : , msly saved AIC's - would be the same as those shown in Figure 4-2 except

-i , t ?a r two cards may be omitted.

,1t e tal-processor time-limits on the JOB cards for submissions to the

l Computer System should be specified in terms of decimal seconds

,r: th, w 6000. Appropriate adjustments for job executions on the Cyber 175

0! ¢ 60 are performed within the system. (The additional control cards

: Kied r pages 3-2-8 of Reference 6 should no longer be used.) To assist

t .- in nakiag initial time estimates, some approximate times for the

, .- -~~( Zp; ents of an ESP run are listed in Table 4-1. The times are given

- ,, vbec 760 seconds because this provides a more Immediate Indica-

,(i t 1 pra,=ticality of a particular type of run with the computing

<, !'- r, Ava!lable. A conversion factor of 3.7 between Cyber 760 time and

S, ' ugested on page 3-2-8 of Reference 6.

, d parameter on the JOB cards specifies the maximum amount of

- ,mv.' needed for ESP in terms of octal words. This is followed by

* , 2' -. ,rt ir extended memory, given as the maximum octal number of

,e'.. )e actual request for extended memory is accomplished via the

1 rr,ind, .1 1. Is the third control card shown in Figures 4-1 through 4-3.

I i.-rar'ietei or, the JOB cards specifies execution under the NOS operat-

- :.. -. cn "economy" charging rate as described on page 1-20 of Refer-

I;,-, "PO" priority (deferred execution) that results from the use of

• - : 1,rer Is required for FSP bv virtue of its central-memory usage and
I

, riti, ,n 4iven in Figure 3-2-1 on page 3-2-8 of Reference 6.

4-1



It tm i KIIIF(17) = 0 Cantilever-wing vil r;t ionl mullv'si to ho

(con t .)performed1 in AVAM.

=137 Free-free vibration anal1 xs! s to Ibe perlormed

in AVAM.

KiI (1F'38) = 0 Do not incl1utde rigid-body mode ; in AVAM
OUtpilt passed to Al-AM.

18 luc hide ri1g id-body mnodues in AVAN (mtm it

KIIL( 8)is gnoedby thec programn if Ki-1h( Q2)

IL F'ri-imt and comments On a I tern at ive app roa~lie-s to enter ing abi-ve

data are ident ical to lASTOL'.

- ~ .m La via ed Via Vibrit Con-Aum ilvslis Modul e

(e oi s RLI erence I . Volume 1T , pages 202-.2!6, or Refferenice 5,

t er . i deor f ca I t: cjASTO P

FT!1F V 1' 0 Fixed va]I ie in ESP and FASl Of'.

.L'TK1-'1 2 I 7o mat plnt vibration modes.

I Of Vt i b r at 1In mnodesq on l7a ICompi. ,2

o' nf- c) r o 1 e~ fix i 1I i ty m a t rx a s ue in

e 1 2onva 1 ii'! so1 lit i onl.

*l ii st t Ilexibi 1.3 ty matri.

1 EV' ) Dri no-r I ist t ranstormed fmass, mat rix as used T

o',erva I ie sol ut ion.

S it tr-AmmS f~lrMad MlSq m,-mtrm\.

1;, not i 1 f I ci i li t v muar rix - 1: o t af ned

A J >A-RN cr C;Trd- imTITag-e tA 1 1V

I npu t ehx itv nnt r ix .

r- I I ni *- rv 1011'' m. lx ru '



item 3 KLUEV(8) = 0 Do not list dynamic mass matrix as obtained

(cont.) from NASTRAN or card-image file.

=8 List input dynamic mass matrix.

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

The format for the above dat., and comments on alternative
approaches to entering those data, are Identical to FASTOP.

oe. '1A NDYDOF Number of dynamic degrees o freedom
(excluding plug degrees of freedom). Maximum
value is 220.

IDYFLX = 0 Dynamfc flexibility matrix is provided as
card-image data according to the format and
instructions given in Subsection 5.1.

= i Dynamic flexibility matrix is provided in the

nonsparse binary format obtained from the
OUTPUT4 routine in jhe MacNeal-Schwendler

version of NASTRAN.

= 2 Dynamic flexibility matrix is provided In the
format obtained from the OUTPUT2 routine In
the COSMIC version of NASTRAN.

ii.ASS 0 Dynamic mass matrix and plug mass matrix are
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
binary format obtained from the OUTPUT4
routine in the MacNeal-Schwendler version of
NASTRAN. Plug mass matrix is proviuel in the

nonsparse binary format from OUTPUT4.

-2 Dynamic mass matrix and plug mass matrix are
provided in the format obtained from the

OUTPUT2 joutLne In the COSMIC version of
NA 1;T AIN. .

.,pc-idix A for additional descriptive and illustrative material
(, ' S:TNAN/ESP Interface.

-~ 8
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T cem ',A ITRNSF = ( Matrix of displacement; in dynamic degrees
bout.)of freedoir due to unit rigid-body displace-

*1 ments ip provided as card-image data according
Lo the format and instructions given in
Subsectin 5.1.

1ig1id-hod- displacemen~t matri is provided in
the norispnrse binn'ry format obtained from the'
OUTDUTT4 roujtine ill Vihe MacNeal -Schwendler
ve- s on of NA'MTPAN.

-2 P ig i d-L-o d v dp )1 arecen ma nt r ix I s p rov id ed i in
t f1 T. It (h ta ne d I rem i ie OUTTPUT2 r out I ne

il & ok r K"1 vers ia; cf NASTRPC'J.

,arrat (4iT5) Numbe, o cairds is

Data are entered by sbco a A)

-$ iAS'IOP' logic/&tra, Lt-jlha rmt u sed in FS!'

a K a tore searcl-: i; sto be pe:emd(KI !'I (7) 7) , crt inue with
nastrucrions b,.elow. ('tHerwisep 0).U(7 ~ , go to Item16

P-epeat items RB - 81 fcc : .c( :-;tcare -tiit iOn. Then add a blank
c I d . Max\1ium te m!.r C'. store :d OSis S.

FV tore-maIss noramettore entecred as5 1tern:;8(: - 81' w il Ib e used I n
r cm to rcplac, toe opp'- pri ite elements of the mass matrix

* ~ ci ' a eorrte dto iio (see Subsoctionl 5.1). Simi larly,
i 'cI -e t' 'lit(,; ort ore L-i,; em t SF w; 1 replace elements of4 ~ ~ ~ ~ ~ ~ I -.I1xu t orx& .sprtte daita- file. The

in1 these warricpes -bat 4iI l be rcplaiced are dettermined by-
thi t. I t - ol t 1 0 oc,! r e': ti- .,d I tp e 811.

.' tO'- -- sat fai! a '-Cc;,Tt 8! b:ol o the values;

to i:';I: illU thorpaeee Space from wh Ich
ii e xt :, ur -s or -- h.l e: o- b;n. Three ar-e obtai ied

t be ! iti t ( tilo :h '' iVs .~r; of -;ea rch steps
t 6.3.

r' i t i'r'-o :1zr., r' I - t ye mrto i .
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Iten Sb IDSTR Store-station number. Must be one of a
sequence from I to the total number of stores.

Maximum value is 5.

Format (15). Number of cards is I.

Data are entered by subroutine READY.

I ,211 8C STRWI Initial store weight in store-search run, lb.

Format = (E15.5). Number of cards is 1.

Data are entered by subroutine READY.

' 3ni 3) STRiI(K), K=i,3 Initial store moments of inertia about local

x, ', and z axes 2 through store center of

gravity, lb.-in.

Format = (3E15.5). Number of cards is 1.

U Data are entered by subroutine READY.

8u 8F STRRI(K), K=1,3 Initial store center-of-gravity x, y, and z

offsets relative to store dynamic degree-
of-freedom location (nominal store/pylon
attachment 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 entered 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
41 stcre/pylon attachment point, in./lb. or

rad./ib.-in.

These elements are incremented within the program when pylon-

f'exibility parameters are search varlables. If a flexibility-
matrix element is entered here as zero, the initial search value
of that element wili be the one contained in the flexibility
matrix provided as a separate data file (see Subsection 5.1). ]

Format = (6El.1). Number of cards is 1.

)ati are ontered by ; imtint, Pi-ADY.

U1

)- ID
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Ttem 8G ISTiDOF(K) 0I, Dummy v.arlable in F'SP.

Format =(615). Nuuttuer of cards is I

Data are entered by subroutine READY.

1 Lem SH IDYDOF(K),K=1,6 Dynamic degree--of-frcedom numbers correspond-
Ing to trnsat ions in x, v, and z directions
aind rorat ions about x, v, and z axes at
nominal store,/pvlop aittachraent point. If an
airplane dvuoimics wcide - 1--os not include
degreces o' freedomn t or (- or more of the 6
store di spi ac:nent ' orpoulents, enter zero for
therse components.

Format (615). Number of cards i~s 1I

)nta are entered b.- subrouinO RFADY.

' '(ALEW Factor tc b)e useo to scale -,tort- weight Pr~ or
to searclr, 1b.

SCALE 1 (K) ,K=l,3 Faictors toc be used to scale store momen~s of
inertia about x, y, and z axes, lb.-in.7

SCALER(K),K=1,3 Factors to be used to scale store center-
Cof-grilv'ry x,' y, ind z offsets relative to

nomiinl store/pylon attachment point, in.

SCA!.F(K) , K=I,~ lactor. to h*e used to scale, flexibility-matrix
diagonal eleme-nts for translations in X, y,

-ii/.a xE-s at nominal store/pylon attachment
*point, in./ib. or rd/n-b

c.uggestec! aipproa.ch rcer scilecc-iu5 the above fac tors is to set
each of theni equal to the 'Ai f (rence between the Trn'ximhm and
rk aLmum va1lues (of the cer rf.spond Ing. store para-meter) to be
r ru.icired during thu- search. This will rc-oilt in T'le ;to-t7C

, ~rcf rsion being scal ed fo ir :ithiii a uinit mul ti-dirionsional
whichi-! dest'r,-hic2 f-r cit icicuc -'cairches.

ra'ie ter may :)e he ii fixed dluring 1a S, r-l h b'st t og thet
.reponingscale ,ic;tor equal to ,, cc

rmt-(E 5/L'1. 3E:57.'S"F1( 0.A Numrber of cards, is 4.

',t a are? cntrroI hev 'tihr~it ine ~AY



Ir-IrF 81 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 = 0 Store pitch and vaw inertias are slaved
together and considered as a single search
variabl e.

Using this option requires that each pair of
initial values and scale factors for these two
quantities be identical.

= 1 Store pitch and yaw inertias are considered as
independent search variables.

Format = (215,5X). Number of cards is 1.

Data are entered by subroutine READY.

f 71 VNEW 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 achieved, knots eas.

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

VSotsFactor to be used toscale flutter speed,

* knots ens.

Suggest a value approximately equal to the

largest anticipated flutter speed for any
, store configuration.

Firmat (E1O. I, IOXEIO. ). Number of cards Is 1.

I),qta ire entered by subroutine READY.

,Bank card

5-12
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I temi 8M IrOCi 1 0 Boundaries of store-parameter/pylon-I

flexibility space to be searched are defined
by discrpte points. This option is applicable
only to types of seazch spaces defined In Item
8U.

= Search-space boundaries are defined by linear
constraint equations. See Eq. (3-1), page
3-1, Reference 4.

Format (15,). Number of cards is I

D-Ita Pre entered by subroutine TNCONS.

q" Logic Item - No Data

If [fOCI =0, go to Item 81'. If ITOC] 1, continue with Iteno.!7 F11
- 8F below.

Itemn 81. NSAR Number of constraint planes (linear constraint
equations) used to define search-space
boundaries. Maximum number is 50.

Format (15). Number of cards is 1.

Data are entered by subroutine INCONS.

:Lm 1 Logic Item -- No Pata

R-oeat Items 8R - 8S for I = ,MSTAR. 1

--- 8. (I) ,J= INPARM Each column, T, consists of components of a
unit normal vector pointing outward from thc
scaled search space to the Tth constraint
plane. In general, rows, J, should correspond
In order and total number WNARM) to the
search variables for which non-zero scale
factors are entered in Item 81; however, if
KCONST = 0, only one element should be entered
for each pair of pitch and yaw inertias to be
searched. The order in which columnIs, 1, are
associated with constraint planes is
arbitrary. Maximum total number of search

variables, NPARM, is 35.

Format (3(El5.5,5X)). Numrber of cards 15 (NPARM-l)/3 + 1.

0,,it a are ettered by rxbrout Inc I NCONS.

.ij di 5 cIssioni of procedures for defining coristra jut planes. Ind,
6 :, ~ccticaly -temn- 8R and 8S, is contained in Suihcectiorn 5.) aind

5-13



it,.i8 S B(M) Scaled distance from origin to Ith constraint
plane in direction of unit normal vector.
Constitutes Ith element in h vectoi in Eq.
(3-i), page 3-1, Reference 4.

Format = (E15.5). Number of cards is 1.

Data are entered by subroutine INCONS.

.m 8 Logic Item - No Data

If ITOCI = I, go to item 9. If ITOCI = 0 repent Items Rif - 8((
for each store station. Num|.,'r of store stations Is defined by
the last value of IDSTR in Item 8B.

<a ITOC = 1 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
i acks.

= '2 Search variables for this store station
con,.1.st of store mass, store pitch or pitch/
yaw inertia, store center-of-gravity x offset,
and up to six pylon-flexibility parameters.
This option is intended primarily for store
stations with multlple-store ejector racks.

= 3 Search variables for this store station

consist exclusively of up to six pylon-
fLexibility parameters.

Format = (15). Number of cards is 1.

Data are entered bv subroitine INCONS.

.ogic Item - No Pita

I- IffUC = I ind at leas:t one of the first four factors in Item 81
I nonzero for the storo ;tation currently being considered,
coot nue with Iteni; V, -- PZ below. [I ITOC = I and all of these
V'3ctors are 7ero, continue with Items 8EE - 8(;(;.

li iTO( = 2 anl nt lea'st k,ne of the first seven factors in Item 81
is nonzero for the itore station currently being considered,
cort ine with Items 8AA - 8(;C. If ITOC = 2 and all of these .
:actors are zero, continue with Items 8E - 8GG.

SITTOI = 3, continue with items 8F.E - LGG.

6-1



Item 8W NCORN Number of vertices defining polygon for
two-dimensional store-parameter search space.
Maximum number L; 30.

Format = (15). Number of cards is 1.

Data are entered by subroutine INCONS.

i C m logic Item - No Lata

Repeat Item 8Y below for each of the NCORN vprtices. The vertic.s
are defined sequentially In a clockwlse direct [tn assurting store
t,a,,s is the abscissa and store inertia is the ordinate of the
tw,-dimensional store- parame ter space.

C RNM(, ) Store mass at Jth vertex, 'h.

:r ,'TF) Store p~tch moment of inertia at 11th vertex,
lb. -in.

Format = (2(FI5.5,5X)). Number of cards Js 1.

D it are entered by subroutine INCONS.

Lo-gic Item - No Data

-n tintle with items 8EE - 8CG.

._. J . . ('lN ST Number of constraint planes defining thre-
dimensional store-parameter search space.
Maximum number determined by requirement tii,t
• total number of constraint planes be le s than
or eq,-il to 50 considering all store stati,,ns4
and buth store-parameter and pvlon-flexiblit,.
;-arch variables.

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

P' ore entered hv subrcutine INCONS.

i'c'i K tgna - No D t,.

.,,t tn- 8(W':- 8D,) I ow 1or each of the ... ... , rn,- t-. jut

I'-l

a ,+
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I>'. 8CC Logic Item -No Data

Repeat Item 8DD below for three points on each constraint plane.
TFhe points should be entered sequentially In a clockwise direction

Looking in toward the region to he 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.

i-' [D CORNTM(K) Store mass at Kth point on constraint surface,

CORNI(K) Store pitch moment of inert a at Kth point 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(F11.5,5X))Y Number of cards is 1.

Pata entered by sibrtiit inc INCONS.

NSITAR Number of constraint planes for pvlon-tlexi-

'lifity search variables. Only an upper and a

Tower limit for each pylon-flexibility
variable may he specified. Maximum number is

Format =(15). Number of cards is 1.

'!t 3 are entered by sIuhrout ink, INCONS.

! Kglc Item - No Data

Repeat Item 8(,( oelow for each (if the NSTAR pylon-flexibility
,,nstrainft planes. IiNSAR =0, skip Item 8GG.

F F, (on-fl I xibility dynamic degree ot tfreedom to
~constrained. Enter with either a positive

or ntgative sign to denote whether associated
constraint value (next parameter) is an upper
or lower flexibility limit.

Maximum or minimum flexibility tor degree of
freedom ,apecified in previous parameter.
in./lh. or rad./in.-lb.

(1 5,FJ 5.5). Nia'her of cards is 1.

!_,, ;ire hvf1 db si~brct irnf IN(ONS.



~terns 9,10 FASTOP logic/data items not used in ESP.

tems 11 FASTOP data item not used in ESP. (Superseded by separate file
containing dynamic mass matrix. See Subsection 5.1)

Iremq 12- FASTOP logic/data items not used in F.SP.

T tt:. lI Logic Item - No Data

If a tree-free wing is being analyzed (KltUF(37) =3?1), continue

eowwith Items 16A - 17. Otherwise 0(1,11(31) =0), omit these

items.

Ir ,A NP0-DUF Number of plug dynamic- degrees (if t reedom.
Should correspond to the n11Mbe~r ot mod(Lr in
the rigid-body displacement matrix, and the
number of rows and columns in the plkig mass
matrix, both of which are ente-red In separate
files. See Subsection 5.1. Maximum vajue is

Format (15). Number of cards is 1.

Data are entered by subroutine FFMASS.

FASTOP data item not used in ESP. (Superseded by separate file

containing plug mass matrix. See Subsection 5.1'.)

FATO logic/data itenir not used In ESP.

ru a~ Ki~0TSNumber of normal modes of vibration to he
computed. Maximum number (); if IK1.Ikil)
0. and (1,0 - NPGDOF) i-f KFI'E (38) -- si.

Number of d~isplacements per mode which are to
be saved for use in the flutter-anaiysis
modul e. Note that only otit-of-i1 one dis-
piacema~nts are used In AFAM except when the
elastic-axis option Is specified. Mix Imuin
number Is NDYDOF.

Number of idditional dispJ;3cemeiitrr per in, cIe
wlii ch are to be set to zero foin ue in the

flutter-analysis module. See it,,ri .' I belowv.
MIaximum numb or is (220 -N(iF

Numiber of car din Is" 1.

r oror n Hrtjreu 0eF12F.N.



A !_wgic Item - No Datri

If igid-body nodei ore riot t-i b included in the output from the
.ihration-analvsls- module to tie flutter-analysis module (KLUF(38)

= 0), omit the fh lIowing it eM.

. ..Q(N) ,N=INPGDOF Zerc-airspeed frequenecies to be assigned to
rigid-body modes in flutter analysis, Hz. To
avo id 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.
Seo Section I for additioilr comments on the
,;e oI thi I nput-datn Item.

,r : =a (3E10.3). Number of cards is I.

)a t a e entered b- subio, t ine VIBIF .

,, t Item - No Dait-

Tile two variab es in kte fe [lowing item permit the user to reorder
andy or eliminate the ,modal displacements calculated in the
vibratlan-analysis module in preparation for their use in the
flutter-analysis rodule. Further, additional modal displacements

mar be set to zero. 'The requirements for ordering modal
dl spticements for the Fltter-analysis module are given in
Referece 5, Volume IT, pages 207 and 208.

rIiw tvo, items sho ,d ,le entered !n pairs tr 1=1 ,NDOFFF.

I D F%'V T D, ree-of-freedom number used in the vibration
ann volr awhich corresponds to the flutter-
airivs fs degree-of-freedom number entered for
the following variable. Maximum value is
ND)YI)oF.

ir)5 1 ,; ree--t--rr eedom number to be used in the
tI !rtrt, analsis. Must be specified in

acer'rii. -rder. Omitting a degree-of-freedom
nurbe di! cers] t in the modal di splacements

fsh't- degre cf freedom being set to zero.
Maw ,,iniirm value i.- (NDOFFF 4 N/ERO).

> I .) . N rt,, r of c.rd,; is ((ND(iFFT -1)1 5 + I)

.t" a-e entProd br ; tor c-: iii. V BIFO.

ieit 4 ral t- ASTOP.

:-IN .0



- Data Entered Via Flutter-Analysis Module

(See allso Reference 1, Volume II, pat - 21 7-274, cr Re4feronce ,

Volume Ii, pages 245-302)

Iters 1-'! Identical to FASTOP.

I.C(I) = -1 Store search or p-k f lutter analysis.

= 0 Pressure calculations only.

1 k flutter analysis

2 ? Divergence an' Iysis,

UiJ(2) Number of vibration modes, includin' rigid-

body modes, to be used in fh-tter analvsis.
Maximum number is 40.

Number of lifting surfaces. Fn> the doublet-
-attice nethed, which is the only aerodynamic

t',eirv that is operational in ESP, the maximum
number is 30.

Number of reduced velocities for which

;erodynamf c pressures and/or genera]ized
forces are to be computed or Interpolated

depending on the value oi LC(13). If lC(!)=
0 or 1, LC(4) must be less than or equal to
30. If LC(l) = 2, let LC(4) = 1. If LC(1)
--1, LC(4) is the number of reference reduced
velocities (see Item 19A), and must be less

than or equal to 15.

Number of air densities for which t4e flutter
or divcrge.ce analyses will he run. Maximum

number is 10. If 1,(1) = 0, let LC(5) 0.
If KLUE(7) = 7, let LC(5) = 1.

' 2 Durm variable in ESP,

- .1 7st cal culated pressures°..

v No d i;p I av

- .. 2.i1 i'

n/ ii i ;r 1

A.



4 LC (9) 1 Frequency-independent: additions to the a~rq-
dynamic matrix Q are to be read as data.

=0 No such additions are to be made.

L'C(10) I [Ast the full set of interpolated g neralized

forces when using k flutter method.

0 No display.

LC(Ii)Tvdex in flutter-analysis module of modal
frequency to be used as a normalization factor

In the flutter determinant. Suggest index of
firsc flexible mode.

1,(12) tFlut ter dotermiinant is fujrmulated as the
product of the inverse of the generalized
stiffness matrix and the sunm of the gen-
Eralized-mass and aerodynamic-force matrices.

0 betermlrant is formulated as the product of
the inverse, of the suim ol the general ized-mass
-nd aerodynamic matrices, and stiffness
matrix.

If rigid-bodyv or other very-low-frequency

modes are prEsent in the analysis, let LC(12)

i; ( = IGenetalized-aerodynamic-force interpolation is

used.

i our I i i,vd ne rodvnamn i c f orces ;ire omputod
d f rerct 1 y at ea.-ch reduced t reqiiencv.

! '' -1, let 1'C(13) = 1. if lOW = (0

or 2, let 1(7(13) = 0. If LC(1) = , let

"CI 0 = 0 or I.

4) ~ a (~ompplots of the flutter solution are to

I iLv r scile Enr the f lit ter--soltiiso plots
f'-In tern's o true airspeed.

;i I eni: I lent 11j rspoed



0 OUTPUT DES(P P"iON

S ince tht! current version of ESP was developed as a pilot code to inves-

;ind demonstrate the store-search procedure in an expedient manner, the

,-P ironm the new code is not always as well structured and/or annotated as

dtesirable in a production program. Tro partially compensate for this

t ion , and also to provide an introduction to the output f rom ESP,

-.fo: of typical ESP output listings are presented and discussed in this

Outout related to NASTRAN dynamics-model input matrices is discussed

; PTTN-ANALYS IS MUDVi! F

hnche optional liting cf the input flexibility matrix, the

of ,oitpuit ft, oman E(-P search run consists of store-parameter data

-. 4 i ' n Figore 6-1. NtUMBFR, at the to ftefigure, identifies

;i--~tTa on number; this value is the same as IDSTR that was input as

1t-, next line, DYNAMIC POE, identifies the dynamic-degree-of-freedom

0C~ norvinzO storejp'lori attachment point; these values are the same

tou wre1n~t s tem8H 'he store-parameter values, which

-iteth-1 ht,,k of the o-itput in Figure 6-i, are listed in the same order

'1 feSome unitS As the input-data quantities described in Items 8C-

[7, F ani P- Z, and PFXX, PFYY , and PFZZ denote pylon-flexibilityS

t o tra'nslations in the x, y, and z directions and

i hc V. ii nd 7 axes. For the first analysis cycle in each

the NITAI.and CURREINT value-, are identical, and the DELTA is

i r r tCe r- tr-parairet er dat ra, bu t only f or the f irst

1 C. ii etch iIoh ooisi on, 4s a1 s t ing o f thle coe f fic ien t ma tri X,

><or, , q. AI page 3-I, REf erenceP 4. When ITOCI =I in

inriput tdaiita , t h is I Is t- i,, illustrated In Figure 6-2, is ident-

ii ,pio d ,r c--speci io- e in I tens 8R and 8S) (except that, for Input,

- ~ ~~~ j -~se fldo:rwwhereais, for output, GC itself in

~h'niF~2 U 1 nd Iorecaiculated by the program based

,iotpr !it ivalic sntored via Itoms RU' -8G(-
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iL- ISTING OF SAMPLE PRIMARY INPUT-DATA FIL.E

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

oeribed above is shown in Figure 5-2. The case shown is for a maximulm of

teipht a;rore-parameter search steps in a six-dimensional space in which store

Le eigyt ,longitudinal center of gravity, and pylon flexibility are allowed

Svar.,; at one store station, and store weight, longitudinal center of

pra %4 c, and slaved pitch/yaw inertia are to be varied at a second station.

:ne( -nr traint planes whichi const'Itute the search-space boundaries are

in terms of unit normal vectors and distances from the search-space

Ntn tat each constraint--pla3ne unit normal vector (Item 8R) has at most

o'nonent o, and that hr th co~mponents, when two are present, pertain to

retrs t the same store sn~n Two significant implications of these

o.rat&rit~nof ths? cons traiLnt- plane daita are as follows. First, the

ile range of store-parameter variations at one station is fully

1-l.i'nent ot the Values at the other station. Second, each constraint plane

C .- :; appear as, a line inc at least one two-dimensional space: For a unit

"'eitor i'sing two iionzero components, this two-dimensional space is the

2 onanlgtlfj two nonzero) components. 1,hen the unit normal has only nne

roa. nur ,the rcons r :a rn' pianco becomes a line in any two-dimensional

S > !('I w~ich one of the variables corresponds to the nonzero component; by

the axis crrprd cto the single nonzero unit-normal component

rImal to tl'is n.

I :1 ncssed ir, Anpe)(T(diX C, the ;jp(C1iACat1ion Of constraint planes

5 on~ oa~hs n er:;of uw-n et~n it normals not

ct f~'' th 'iotii (, ot the s'earrh boundaries, but also

Ifr p~ )ll(- fc I C nI t r a i -, ed search space- with little open

poripIo y. ercro, this ;pproach is; rec'ommende' vhenever

1; tccree-pa7ameter spa-ce ait each store station is decmed useful.

2-S



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

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

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

Nevertheless, since some of the input associated with the FASTOP i:lutter-

optimization module is still present in the current pilot-code version of ESP,

the practice of relating ESP input data to corresponding FASTOP input-data

item numbers will be retained in this module as well.

itern 1 :gic Item - No Data

:f a search i.; tr be performed to determine store-mass and/or
pylon-flexiblitv 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.

* iL ef m2,3 Identical to FASrOP

Item r Blank card in ESP.

Item 5 FASTOP logic item not used in ESP.

tem 6 VDES Velocity greater than maximum anticipated
flutter speed during search, knots equiva-
lent airspeed.

Format = (FIO.3,20X). Number of cards is I.

Data are entered oy subroutine AFOM.

Iter 7 NFIX Maximum number of search steps to be taken
tn this job submission. The program will
stop in leas than NFIX stepF if a minimum
flutter speed is located.

Fcrwat (5XI5). Number of cards is 1.

i; a are entered h, r- ibroutine AFOM.

. ~, "-' ' card !;, ESP.

5--28 " '
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item 29A Format (215). Number of cards is 1.

( (cnt.) Data are entered by subroutine FLINFO.

I tems JO-51 Identical to FASTOP.

! t ei :IA logic Itom - No Data

If rnnde- havintg lcw ratito:- of on-diagonal geniorc ' i 7ed forCe' to

correspondiiig g:eneial1ized ma z i ic to) be iiitcm.,it ica]lv exc luded
From a p)-k fiUtLcr analvsis o1C1 -1 nd !('(38) 1), enter
data for tho, *fc11lowii-T, item. Otiierwi ; cc (l) / or !.c(V8)

C', mit tbl ; it err.

Cl-lt i on is adv~w w oen ;ii i LI 11 mod,-o i m i ni t i (n opt ion in
cc-)njunctionr wit!,,oepalrie suarches. Do(rivative

2 c~~ati' 1!1or1 re(i1 t;1 (rg cac ( Tepo, can be much more
,e'.itlve thoii the flut ter ch,,rct ristit-s the~ms-elves; to the

~vs~m- deiI I ~itcc.Vicngeq rese 1 r og fc-m ide eliminations.

- S Kit I; of rr-odutut, olf (n-d iig.on il generalized
rrcto, vailue of corrcspm)ndin , general ized

hrow whirb a mnode will be excluded from

p- ftutts r -inalysis.

1 131ila vol i)ciLy at which penerai ized forces
ied~ Ini above ratito ae to I le computed * knots

I GneraYized forces are actually
~i , an,, used at C* 75*VOD)W, VQDW, anid

I. i ) Nc;r~ rof cards is 1

cc~orcd i uirtusITITNiOC.

-"A 'iO .'<

1 1 T1 t Is; i EST

cc , p:-, ~ c ~ 7'), or Jo j, ell~ L ,

h mot , ricesq d eterr i n e

rc j 11 1 T- 0 I i U-i nc the dat a



Item 20 RVBO(1),1-1,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.

For the k method, this implies that RVBO(l)
VBO(1) (see Item 17), and that RVBO(NRVBO)

VBO(LC(4)).

For the p-k method, the following approxi-
mation is suggested:

- RVBO(1) 5 1.69*12*VMIN/(BR*6.28*FMAX)

- RVBO(NRVBO) 1.69*I2*VMAX/(BR*6.28*FMIN)

where
- VMIN = VI, knots (see Item 19)
- VMAX = VI + (NV-I)*DV, knots

- FMAX and FMIN are the maximum and minimum

zero-airspeed frequencies in Hz.
- BR is the reference semichord, in. (see

Item 15).

If FMIN 0.01, let RVBO(NRVBO) = 1.OE+05 and
RVBO(NRVBO-1) - 2000.

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

Data are entered by subroutine FLINFO.

Item 21-25 Identical to FASTOP.

Item 26 Logic Item - No Data

A If no structural damping is 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

stiffness matrix for each mode (LC(16) = -1), omit Item 27, and go

to Item 28.

If the same value of damping is added for all modes (LC(16) I),
enter data for Item 27 and omit Items 28 and 29.

tImt.; 27-29 Identicajl to FASTOP.

itemI iA NRB'E Number of rigid-body translation modes

included in IFLMD(I), Item 14.

N;k iTOT Total number of rigid-body modes included in
I FL D (I).

Not appitcable t,1 store-parameter search runs.

5-zA)
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I Cem 16 logic Item - No Data

For divergence analysis (LC(1) 2), omit Items 17 - 34, and go to -g
Item 35.

For steady-state pressure calculations only (1((1) 0 and LC(33)

1 1), omit Items 17 - 55, and go to Item 56. I
For p-k flutter analysis (LC(1) = -1), omit the following two

Items, and go to Item 19.

For k flutter analysis (LC(t) 1), or for oscillatory pressure
*:e]culatior:s (1,C(1) = 0 and 1,C(33) = 0), continue with Item 17

be low.

t: {'( ) ,I=l ,U,( ,) Reduced velocities to be used in k flutter
analysis or in oscillatory pressure
calculations.

"t ,O.0). Number of cards is ((LC(4)-l)/7 + 1).

-, el, f 1-'d v subroutine FLINFO.

I!, Tt-lr, In, th:. iLem is reached only for k flutter analysis
S ) ,1 tor oscillatory pressure calculations (LC(1) 0

- ' ;- ,lutc: anai.: with generalized-aerodynamic-force
'. ,,'.,- ,In ('i.1) 

= I and LC(13) = 1), omit the following item,

t,)I [tut " A.

F(,, k u rWer tn, Ivsls with directly computed generalized forces
':,i ,13) 0), omit Items 19 - 20, and go to Item 21.

:i..Oi'"r,' pressure calculations (LC(1) 0 and LC(33) = 0),

. t ;1~ i55, nd go to Item 56.

uimber of reference reduced velocitie.q, I.e.,
,,,1her .)f red(1]ced veloclties and corro apond log

directly computed generalized-aerodynamic-
iorce matrices that will be used as a basis
for generalized-force interpolation. Maximum
value is 15.

N, iml:er rf cards is 1.

. . ,. I Ii 1'N At 7'r, 1Ir-t i no 1LLF0.

[ S. "

I "



Item 4 = 0 No display.
(cont .

LC(38) = I User will input a ratio of on-diagonal

generalized force to corresponding generalized
mass which will be used for automatic
exclusion of vibration modes from a p-k
flutter analysis.

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

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

Format = (1015). Number of cards is 4.

Data are entered by subroutine AFAN.

'tei 5 iN I Modal vibration data are input on cards.'1
3

2 Not used in ESP.

' 3 Modal data are obtained from vibration-

analysis module.

F. ormat = (15). Number of cards is 1.

Pata are entered by subrout ne POOL.

3
or.., r-? Identical to FASTOP.

FASiOP dato item not used in ESP.

1FI.ID(1),I=1,LC(2) Indices of modes from vibration-analysis

module to be used in the flutter analysis.

is the mode index in the flutter-analysis
module that corresponds to IFLMI) in the
vibration-analysis module.

Format 'IO(1). Number of card- Is ((C(2)-1)/10 + 1).
II

,:,t -Pre ent ired by subroutinv POOL.

1I ~ i it i I to FAWPOI

S a,,,i irt checI, d in ESP.

-ee ca.ait irnar commont in foctnot, to item ' IA.

,t applicible to store-parameter search runs.

5-24
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Item 4 LC(29) = I Display physical vectors correspoyding ton (c',n.) the displayed modal eigenvectors.

0 No display.

117(0) = 1 Display flutter determinant in k flutter

analvsis (see LC(12)).

= 0 No display.

if LC(1) = -1 or 0, let LC(30) 0.

=C;31) I User will input changes to the geYeralized

masses and the modal frequencies.

0 No changes.

I. 32) 1 User will input ryvision-" to the generalized

stiffness matrix.

0 No revisions.
0l

LC(33j = I Steadv-state analysis.

S0 Oscillatory analysis.

If LC(1) = 2, let 1,C(33) = 1.

I('C 4) 1 User will input factors to scale the computed

necodynamic forces.

0 No factors.

)Fxed value in ESP. 1,C(35) 1 is associated

with Mach-box aerodynamics, which is not

operational in ESP.

S 1" =ompute elgenvectors and the aerodynamic force

gradients required for flutter redesign.

S_
. U Do not compute.

[f , ,( -1, 1ot LC(36) 0.

if KIEI,(7) - 7, eigenvectors and gradients are

always computed.

1 o t It t ict, progrwn, displav U'ometr it

dait.,) ;IL; 1 t t, d with basiC dotiblet eleoent .

ei,,L 7 1 § ked in FS ,

- 23
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iten) 4 LC(22) 0 Compute ATC arrays as part (if this job

(Cont. submission and save as output data file.

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

LC(23) = I Display modal input data.1

= 0 No display.

1.2(24) 1 Display interpolated modal data.

0 No display.

iLC(25) Number of user-specified mode-elimination
cycles requested for the flutter analysis.
(Distinct from automatic mode elimination ?

specified via LC(38).) Maximum number is 25.
If KI,llF(7) = 7, let LC(25) = 0.

,C( 6) Number of stiffness-variation cycles requested

for.,the flutter analysis. Maximum number is
20. If KLUE(7) = 7, let LC(26) = 0.

IC(27) Index of the vibration mode whose stiffness is
ti) be varied in the flutter analysis. If
,1'(26' = 0o, let LC(27) = 0.

1C(28) = D Display eigenvectors. If LC(1) = -1, the
eigeruvectors for the critical flutter root in
a user-specified velocity interval is
displayed. If LC(1) = 1, the eigenvectors for
all roots between user-specified reduced

@1 velocities and real frequencies are displayed.

0 No display.

If IC( 1 0 or 2, let LC(28) = 0.

if i(C(l) -1 and 1,C(36) = 1, the eigenvector
c.rresponding to the critical flutter root and
flutter speed is always displayed.

* ;- IL",, J, I ked in ESP.

. .,, , iocked for value other than 7ero.

- aant itles saved are not ALC's, but intermediate results of
. 'J.t s Qlut i-t procedure (set, Reference 7, pages )4-35).
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Itom - LC(16) 0 No structural damping is adde4 to tie complex
(cont.) generalized-stiffnes; matrix.

= -1 Different damping values are added to tile
generali7ed-stiffness matrix for each mode.

= The same value of damping is added for all
modes.

kI.(T17) i Display the number of iterations r,_vquired to

obtain each root in the p-k flucter analysis.

= o No displav.

If LC(1) $ -1, let LC(17) = 0.

c(18) = 1 For the third and higher velocities in the p-k
flutter analysis, the initial estimate of each
root is obtained by extrapolating from the
root values at the previous two velocities.

= 0 The vllue of the root at the previous veloci t
IS Used ac the root estimate.

If LC(1) # -I, let LC(18) = 0.

= I Order the roots ntter solution by the p-k
iflutter analysis.

) No, order ing.

Tf IC(1) -1, let 1,C(19) = 0.

* I K ( =) I Display the root iterations in the p-k flutter
analysis (LC(I) = -1), or display intermediate
resylts of the k flutter analysis (lC(1)=
1).

0 No d spta .

W "Fixed value in ESP. Denntes use of sulsonic
doublet-lattice aerodynanic;. Supersonic
N-1h.-box and subsonic as siimed-pres sure-
lint ion methods are n1ot operatiopal in ESP.

, r'nn t, no-pa rame teor q robe~s ,this option is not recommende,l.
.' F, t - tr, k t t i',n rA i l: 1 t i structura-dtimpi.ng v ,,s;c i s sugg ,.ted

- ,) :;,.,r Ta! proile ms t h,t Tli i ght bt, encountored when s0fle mjcl.o have
V V It A ,Aw 0 , lenif liC dar lpi 1W,.

5-21



" NUMBER= I

DYNAMIC DOF = 173 174 175 176 177 178 g

INITIAL VALUE CURRENT VALUE DELTA VALUE

WEIGHT.. 2845OE+04 .30066E+04 .16156E+OZ
Ixx 10000E+O1 .10000E+01 0.
I'y .63700E+07  .63700E+07 0.

.ZZ 63700E407 .63700E-07 0.
RX .2083?E+02 .21376E+02 .53909E+00

0. 0. 0.
RZ 13000E02 .13000E+02 0.

F'FX -162E.04 11162E-04 0.
PFY .39162E 04 .39162E-04 0,
PFZ . 53553E-01. .53553E-04 0.
FXX .. 13290E--06 .13290E-06 0.
PFYY . -28086E-07 .30183E-07 .20970E-08

.FZZ 6 17 33--57 .61730E-07 0.

N d H 8 E R ;

DYNAMIC DO 190 191 i92 193 194 195

INITIAL VAL.UF CURRENT VALUE DELTA VALUE

U E G H r .3500E+Oa 135000E 04 0.
TXX . O000.+£ !O000E+O1 0.
S-7 .5000E0 95000E+07 0
IZZ 175000E+07 .95000E+07 0.

- B190E-. 1 - .64486E+01 .37037E+0,.
R Y 0. 0. 0

* :13000E+02 13000E+02 0.
p~t- ,47387E-0'5 47387E-050

PFY . .942AE-04 .39426E-04 0
.17257E-04 0

-12662C.06 .1266E-06.
27& " . 3E--07 .27693E-07 0

F L: Z 3? ... .. 60892E-07 0.

.c (h-. :I'v.i:,-:I. ,st l og !. r,,--P;traneter Data from Vibration-

An-l vsis ModuJe.

6) [
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Prior to entering the elgenvalue analysis for the first analysis cycle,

C. the dynamics-model mass matrix that was entered as a separate data file (see

Subsection 5.1) is listed. This output, partially illustrated in Figure 6-3,

would be the final mass matrix used for the eigenvalue analysis in the case of

in analysis-only run (KLUE(7) = 0 in input-data Item 6 for the main program).

However, for a store-search run (KLUE(7) = 7), the elements in this mass

matrix that correspond to the store degrees of freedom are replaced subsequent .

to the listing by new elements calculated from the data in Figure 6-1 accord-

iny to their analytical definitions contained in Reference 4, Eq. (4-2), page

-. The replacement elements, illustrated in Figure 6-4, are listed immedi-

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

analysis cycle as the search progresses.

At the conri-.-ion of the Eigenvalue analysis, the frequencies of the

flexible 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

shapes, rigid-body modes are given along with the flexible modes if KLUE(38)

in the main--program input dati 1 . 38 (see Figure 6-5(b)). Here, the modal-

Sindex value- begin with I for the first rigid-body mode, and the previous

,lexible-mode indizes have been Incremented by the number of rigid-body modes.

-h1: comblned--mcOe Indexing ;vstem is followed throughout the remainder of the

output from the vibration-analysis module.

r..2 -- FLUTTER-ANALYSIS MODULE

A typic-il listing from the first page of output from the flutter-

l'a'ysis modu le '.s shown in Fi.gure 6-6. Here, the modal indices are changed

i ,ain, this time based on the modes remaining following the selection process

*i1e Lred by Item cf the flutter-cnalysls-module input data.

0 .- - - - --------------------------------------------

sting is obtained fotrm ,earch :uns only. However, an equivalent
]lF;ting, produced immedLately aftor i-eading the mass matrix, is provided
)y setling <iIF'V(8) 8.

0 ic
'di tucluding Eq.(4-2), are discussed in

inhbse. tion _ ,
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MATRIX NAKE= REF MASS ( 206 X 206) PRINT LOWER TRIANGLE

(DYNAMIC MASS MATRIX ENTERING CURRENT FOP RUN - DOES NOT REFLECT STORE REDESIGN) <i
ROW COL VALUE ROW COL VALUE ROW COL VALUE

1 1 2.699799E+01

2 2 2.699999E+01

3 3 2.699999E+01

4 4 4.749995E+02

5 3 4.047360E+00 5 5 2,060606E+03

6 2 4.047360E+00 6 6 2.460606E+03

0

0

0 <1I70 168 -1.923599E+03 170 170 2,952039E;04

171 107 1.923599E+03 171 169 3.984463E+02 171 171 6.649581E+04

172 168 3.984463E+02 172 170 -5,578250E+03 172 172 3.747545E+04

173 173 9.999996E-02

174 174 9.999996E-02

175 175 9.999996E-02

176 174 -1,519999E+00 176 176 2.410397E+01

i;7 173 1.519999E+00 177 175 4.199950E-01 177 177 2.586791E+01

i78 174 4.199950E-01 178 176 -6.383921E+00 178 178 2.763956E+00

1_7q 179 9,999996E-02 a

'i80 i80 9,999996E-02

0

34: 8 2.033520E+03 188 186 3.984800E+02 188 188 6.966169E+04

19 181 3.984800E+02 189 187 -5.897504E+03 189 189 3,747565E+04

170 190 5.999996E-02

91 171 9.999996E-02

'7 192 9.999996E-02

;- J17 -8.300000E-01 193 193 7.889000E+00

;,-i) 0.300000E-01 194 192 -3,599898E-01 194 194 9.184927E+00

p ' -3.599898E-01 195 193 2,987916E+00 195 195 2.295925E+00

"I 9.99996E-02

v;; 9,999996E-02
0

0

Typical. Listing frem Vibration-Analysis Module of Dynamics-

Model Mass Matrix as Entered via Separate Data File.

4 .
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If automatic mode elimination based on ratios of generalized forces to

generalized masses has been selected (LC(38) = I 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.

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

6-6 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

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.

t.3 - SEARCH MODULE

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

its entirety, since this ESP output is completely new compared to FASTOP.1

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

previously listed In the output from the flutter-analysis module, the deriva-

tives of the flutter speed with respect to the various store parameters are

listed, together with several intermediate results (see Figure 6-11). This

(;utput is grouped according to store-station number, with the derivatives

heing listed first using the same store-parameter notation that was discussed

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

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

!-4, of Reference 4; SI, 52, and S3 in the listing correspond to S., S y, and

S in the reference. The U and V vectors given next are the flutter eigen-

vector and its associated row vector in physical coordinates for the store

The title page for this module, however, retains the previous FLUTTER
CPTTMIZATION MODULE wording.

6-9
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ILLUSTRATIVE CRLCOMP PLOT OF FLUTTER-PNALY5E5 RESULTS
P-K METHOD

MACH NO.= a.gao DENSITY RATIO= 0.739

0

+07,

+L + + + +E

CCA Y

01

A~~L 4A 40 A

ZZ0X K Z ZZ Z Z X Z

IH w

+ t +t t++ + + +4+4+

'D 6. 20 6. 400. 500. 600O.
VEL. (TRUE) ,KT3.

Figure (6-8 -Typical CalComp Plot of p-k Flutter-Analysis Results from

Either an Analysis-Only Run or the First Analysis Circle of a

Store-Search Run.
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ILLUSTRATIVE CRLCIMP PLOT O~F FLUTTER-RNALT~rS RESULTS
P-K METHOO

?IRCm NO.= 0.900 OENSrTY RATEO= 0.739

0x

. . . . .~ .

JA 41A .4 q

U.-

x 3

t -- , 4 i

L i.30 00 a . 5o

VEL 7 Ur '

Carm lto - lterAayi eut ~r
orqiCvetAn i -v l faS oe 'arhRn



ILLUST9ArIVE CALCOMP PLOT IF FLUTTERANALYS[5 9ESUL75
K METHOO-

MACH NO.= 0.900 OENSETY RATIO= 0.739

z -
* I ~ ~ -I

x ZV

A A

x I 

~ ~ -

[Co. 260. 360. 460. 5t0. Soo.

VEL. (TRUE) ,KT$.

Fiwure 6-10 -Typical CalCamp Plot of k Flutter-Analysis Results.
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ved from the previous cycle. The data set that should be used for the

testart is the last one that contains information corresponding to an analysis

,- in which the flutter speed was decreased. Thus, if the next-to-the-last

,nnly-,is cycle exhibited a lower flutter speed than the one before, the last

: ,et in. the TAPE48 file should be used as an input file (via TAPE47) in

'i" exc Joh submission. ._

"rh- I'APE48 file is similar to the TAPE40 file to the extent that, for the

• t rZ, it too consists of selected portions of the printed output.

. ,; : seen in Figure 6-18, the TAPE48 file is not annotated, and there-

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

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

e. cntain output from the same job and analysis cycle.

ir-i: two lines in Figure 6-18 correspond to the PREVIOUS SCALED

.' ." ii Figure 6-13, and immediately thereafter is the OLD INVERSE

.. i Figure 6-12. The next array is a set of previous scaled deriva-

"I'h, array does not have an exact counterpart in Figures 6-12 and

. Iw could have been printed as the SCALED DERIVATIVES in the version

S re 6-13 corresponding to the previous analysis cycle. The next two

.fth one number per line, are the step size and the flutter speed for

i i . e. These would have been listed in the version of Figure

r ct;at cc le.

; group of data in Figure 6-18 consists of the number of active

;-IiVe corsqraints at the end of the previous cycle, and corresponds to

.- rmrFn io:hwn at the top of Figure 6-12. Next, the previous-cycle

., iV[ X in Figure 6-12 is listed. The final line in Figure 6-18

." nI oft rew constraints introduced by the previous step,

r~d!,:-s of th,s- coustratnts. Tf the first number is zero,

s the index ot the nearest inactive constraint in the

" step. I'Ms would have been listed as TNFW(l) near the bottom

. f Figure 6-!5 for the previous analysis cycle.
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NEW INVERSE HESSIAN AND DIRECTION

9.98846E-01 1.3081SE-02 1.90237E-03 -2.2'8088E-02 1.52897E-02 -
-1.4 1320E-02
1.30815E-02 8.51723E-01 -2.15632E-02 2.58536E-01 -1.73308E-01
1 .60185E-01
1.90237E-03 -2.15632E-02 9.96864E-01 3.75975E-02 -2.52032E-02
2.*32948E-02

-2.28088E-02 2.58536E-01 3.75975E-02 5,49218E-O1 3.02178E-O1
-2. 79297E-01
1.52897E-02 -1.73308E-O1 -2.52032E-02 3.02178E-O1 7.97437E-010
1,.87225E-01

-1.41320E-02 1,6018SE-O1 2,32948E-02 -2.79297E-01 1.87225E-01
8. 26952E-01
3.74836E-02 -1.07947E-1 3.40077E-03 -5-46144E-02 -4.40454E-03
-2 .52630E-02

SCALED DERIVATIVES ARE
3.33739E-02 -6,13634E-02 1.01752E-02 -1.35837E-01 5.00426E 02
-7. 55873E-02

PREVIOUS SCALED VARIABLES ARE
7.68919E-01 5.08220E-01 1.00308E+00 1.OOOOOE+OO 1.0OOOOE+00
-1. 74846E-01

PRESENT SCALED VARIABLES ARE
8.12585E-01 5.21368E-01 1.07797E+00 1.0OOOOE+00 1.00OOOE+00

WORM OF SCALED GRADIENT VECTOR 1.7791E-01

NEWd SCALED VARIABLES ARE
9411172E-01 5.20943E-01 1 .07692E+00 1.OOOOOE+0O 1-OOOOOE+00

At**9 NEW STORE PARAMETERS $*

PARA STORE NO. 1 STORE NO. 2 STORE NO*

W 3.00134E+03 3.50000E+03
IX 1,00000E+00 1.000OOE+00
If -'.37000E+06 9.50000E+06
I- ;.37000E+06 9.50000E+06
X 2.13587E+01 -6-14367E+00

Rf 0.
R- 1.30000OE+01 1.30000EHt1
Fx 1.11620E-0-) 4.7-.867E-06
Ff 2.91623E-05 3.94256E-05
;7 5.35534E-C5 1.72570E-05

FX X 1.3290OE-07 1.26623E-07
S3.01537E-08 - 76931E-09
Ai .1'304E-08 6.08923E-08

CURRENT STEP SIZE =1.000

CURRENT FLUTTER SPEED = 363.974 KNOTS

~ s-V -Listing of Typical Summary File from Search Module (2 of 2)
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DERIVATIVES FOR STORE NUMBER 1

w 9.01997E-03

IXX 1.76939E-05

IYY -2.41730E-06

IZZ -2,41730E-06

DERIVATIVES FOR STORE NUMBER 2
w -3.88106E-02

Ixx -4.55362E-05

IYY 5.26764E-06

IZZ 5.26764E-06

STORE PARAMETERS FOR REDESIGN CYCLE NO. 2

THE FLUTTER SPEED HAS BEEN DECREASED BY 7.1235 KNOTS.

PREVIOUS MOVE

4.36657E-02 1.31486E-02 7.48922E-02 0. 0.
9.49678E-03

DELTA GRAD

3.74929E-02 8.31172E-02 8.50673E-02 -1.21997E-01 8.17798E-02
-6.60905E-02

OLD INVERSE HESSIAN

1.O0000E+O0 0. 0. 0. 0.
0.
0. 1.O0000E+O0 0. 0. 0.
0.
0. 0. 1.O0000E+00 0. 0.
0.
0. 0. 0. 1.00000E+0O0 0.
0.
0. 0. 0. 0. 1.OOOOOE+00
0.
0. 0. 0. 0. 0.
1,O0000E+00

HOLD*(DELTA GRAD)

3,74929E-02 8.31172E-02 8,50673E-02 -1.21997E-01 8.17798E-02
-6.60905E-02

Z= DELTAX-HOLDG

6.17284E-03 -6.99686E-02 -1,01752E-02 1.21997E-01 -8.17798E-02
7.55873E-02

CK AND Z2 = -.33017E-01 .32322E-01

Figure 6-17 - Listing of Typical Summary File from Search Module (1 of 2)
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Below PG, the inactivw constraint indices for the current search point

are listed, 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.

II

In addition to the printed output, the search module also provides two

formatted disk files via TAPE40 and TAPE48 as discussed in Section 4. The

first 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 cycles executed in the run from which it is generated. .'-

The file obtained via TAPE48 consists of a series of results, such as

Lhhe show-n 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 f pctentlal restart data is obtained from each analysis cycle except the

iirst, and the iuformation that Is written in each cycle is data that has
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inverse-moment matrix is 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 multipliers

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 fiist of Eqs. (3-20) onl page 3-9 of Reference 4, are listed first, fol-

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

right side of this equation.

The line below these arrays is associated with constraint-plane and

tocal-minimum tests. The first number, LAM(J), is the algebraically largest

nonzero Lagrange multiplier, and the second, LMK(J,J) is the corresponding
diagonal eiermert of the inverse--moment matrix. The third number Js defined by

BETA = * LAM(J) * ILMK(J,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

less than or equal to BETA indicates that the constraint plane corresponding

to th, index, J, in the above equation for BETA should be dropped. The

scaled-variable increments are then recomputed with the correspondingly

revised active-:onstraint 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 r determine if a local constrained minimum has

,?en reached. (Since the factor ! and the inverse-moment element in the

* rxpression for BETA are together of order of magnitude 1, and since the

Lagiange multiplier used in BETA is the largest of the Lagrange multipliers,

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

p~rcx~ioce~ ey.,ve.nt to a test ot BETA).

, . t*.t ,4uL' it , PC, in Ff.gFuie 6-iP is the scalar product of the scaled

r~-,-vari~r fo j iicruments ]isted at the top of the figure and the scaled

Huter-3pe derivatlves in Figure 6-13. For a positive or zero value of

his quintitv,. thi move represented by these increments is ineffective, i.e.,

llutt,r sp,ed w-ould b,_ incte.sed or remain constant. In this situation, a

,20W sear : direction In nempute,: ba,,d on the ptoJection of the gradient on

,he antfve --onstraint places.
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o

ENTERING SUBROUTINE CONSTR

ENTERING SETJGL

CONSTRAINT FUNCTIONS AT XN

-5.30876E-01 1.85599E-05 -4.37569E-01 -1.77031E-01 -4.96921E-01
-5..03079E-01 -6.22100E-0i -7,83000E-02 0. -4.99600E-16
-7.32420E-01 -8.56390E-02 -1.57260E-01

ENTERING ADEICON, CONSTRAINT 9 TO BE ADDEED

INVERSE MOMENT MATRIXY LMK

1.0016E+00 0.
0. 1.0000E+00

JSET = 2 9

ENTERING ADDCONY CONSTRAINT 10 TO BE ADDED

INVERSE MOMENT MATRIX? LMK

1.0016E+00 0. 0.
0. 2,0389E+00 1.4555E+00
0 1.4555E+00 2.0391E+00

JSET = 2 9 10

JSET = 2 9 10

*INVERSE MOMENT MATRIX, LMK

1.0016E+00 0. 0.
0. 2.0389E+00 1.4555E+00
0. 1.4555E+00 2.0391E+00

ENTERING LAGMUL

LAGRANGE MULTIPLIERS, LAM

-1.3727E-01 -4.6189E-02 -4.5319E-02

EXIT LAGMUL

* ~ igure 6-14 -Typical Listing of Search-Module Output Pertaining to
Introduction of Constraints (results shown are for different
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 aaalysis cycle. i,, 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

position 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

cilculation is the first array illustrated in Figure 6-14. A moderate-size

negative value for an element indicates that the present search point is

intside the search space with respect to the constraint plane having an index

-urrespoflding to that element. An element value greater than -0.001 is

con'lddered within the program to denote that the search point is on or outside

the constraint Dlane corresponding to that element. In the sample output

lo1own, , strvini s 2, 9, and 10 are active.

A. p ro~ ctJL of the search direction along the active constraints is

perfor,_v) as discussed in Subsection 3.3 of Reference 4. As each successive

tonstrdint is introduced (except the first), a listing is given of the

fnvcrs-ropent matrix (see page 3-9 of Reference 4) corresponding to all the

-oiscratucs tolt have been introduced to that stage of the calculations. If

tio aew constraints are being introduced in a particular analysis cycle, the

62
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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 paitial 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 nonzero scale factors entered in Item 81 of the search-module

input data.

Next, th.? inverse-Hessiar, matrix, 1 .e., the inverse of the matrix ot

second partial derIvative 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 tlhe first seacch step.

Belov !iie olid invers?-Hes*i.ar, rwstrix are several intermediate results 7

ohtained during the calculation of the updated version of this matrix. The

ippcoach uted to calculate the inverse Hessian is discussed in Subsection 3.2

oif Reference 4, and tOe final expressions used are given as Eqs. (3-12) on
p.ge 3-6 of that reference. lirst, the values of the second term in the

econd oi E-qs. 0-12) is listed, and then the sum of both terms in that

eqjaiorn is giver,. ThE last two quantities are the value of c from the third

Fqs. t3-1]), -ind the scalai product of the previous Z array (y in Eqs.

* (3-12) with itse]f. T ite latter quantity is used in a comparison test with c

t _ determnp_ if tho inverse-Hesslin increment given by the second term in the

of Eqs. (3-12) will be unacceptably large. it it is, Z2 is used in

r1ace ot ,ri this term. Messages are printed for this and other tests if a

i f c, t (m (,t thp rst _If Eqs. (13- 1 1 is appropi iate.

,fwe tiew 1iowcrsr-Hen-san -rray ral]y obtained according to the first

, t he top of Ii gu re 6-13. For the first entry into

__ t , 1 :-L- , ,c ct,;ile , tnls T,71 I b1e the t Irtst output af ter that i llustrated In -

igjr , L.,and the now inver ,e lessiant w!1.1 be the identity matrix. The

pod-r-. 'at ice arry, Mw'ich is the third group of output in Figure 6-13, is

.. i, edY. .( cL , thC d.r ,ati,,e itlustrated in Figure 6-1l with the



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 00 0 0 -

AS RESTART BEGINS THERE ARE 10 INACTIVE CONSTRAINTS WITH THE FOLLOWING INDICES

1 3 4 5 6 7 8 11 12 13
0 0 0

THE INVERSE MOMENT MATRIX IS

,1001611E+01 0. 0.
0. .2038927E+01 ,1455487E01 I
0. .1455487E+01 .2039068E+01

THE FLUTTER SPEED HAS BEEN DECREASED BY 7.1235 KNOTS.

ENTERING MURT

PREVIOUS MOVE

4.36657E-02 1,31486E-02 7,48922E-02 0. 0.
7,49678E-03

DELTA GRAD

3,74929E-02 8.31172E-02 8.50673E-02 -1.21997E-01 8.1779BE-02
-6160905E-02

OLD INVERSE HESSIAN

1.O0000E+00 0. 0. 0. 0.
0.

1.0000E+00 0. 0. 0.

0. 0. 1.O0000E+00 0. 0.

0 0. 0. I.OOOOOE+00 0.

. 0. 0. 0. 1.O0000E+00

. 0. 0. 0. 0.
! (O00CE+O0

HOLDt(DELTA GRAD)

_.74929E-02 8.31172E-02 8.50673E-02 -1,21997E-01 8.1779BE-02

I hELTAX-HOLDG

,,17284E-03 -6.99686E-02 -1.01752E-02 1.21997E-01 -B.1779BE-02

Z1K AND Z2 = -.33017E-01 .32322E-01

S- -- Typical Listing of Search-Module Output Defining Constraint

Status, Search Progress, and Intermediate Results Required for
Updating the Inverse-Hessian Matrix (Obtained Only After
Second or Subsequent Analysis Cycle).

6-17
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0!

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 order corres-

ponding to the store degree-of-freedom numbers (cf. Figure 6-/4 and associated

discussion). The units of the rotation degrees of freedom are rad./ft.,

assuming a HoIma lizat ion ! ith re,.pect co displacement . The quiantitv CCT is

defined by Eq. (9./), page 10', -f ,etereuce 1, Volume I it is a repeat of

the last i 1:td -item h ' c1,- tf1e print-p;ors in the flutter-analySi module.

he re:, t - ,cf outpot :bc descr bed (see Figure 6-12) appeat s only

iltee a seo,!r h step has lo:,.(n akc-, , i.e ., in a second or subsequent entry to

tie sarch mod-." Ac tie Lop of tne figure, the status of the search with

respect the v)ua, ,.onstrrin planes is given. The numbering system

coi-es:Jjn,ti d 'o t. :-d, r in .'iich costraint planes are defined by means of

ieIzr thCefr'. of cofst-a n -qoation paramieters entered in input-data

• ter8 d FCi = 1, " hce points on the constraint planes entered

, e, b (f-, 1 - 1 , .: 8,, Ic ITOC = 2), and/or Item 8GG (for ITOC

-: 3, F1 iO L = ;

lhenct.\ Lper n f" igure 6-12 is the inverse-moment matrix defined near

rthe tup of page g-n of Reference 4. The version of this matrix that iP listed

;i, t~hi- 'Fure was computed 1v rhe -proious search step, and the values in

, u -12 are a -c~petition oif the valuas provided toward the end of the

- , e (see F itui.e 6-.-, and associated discussion below). The

;7- of the iversC-;mWMnt matrix, 3x 3 :or the case shown in Figure 6-12,

*:r spm .~[; o h-i ;;uuhe"- , tct ix'e constr-T ntrs. This matrix, as well as all

1;s2, 'or' , I arc,-ed,,!c printed t.,tp',it except f or flutter speeds and the new

> .. ,toer s , are giver : ,; ters of scaled variables.

iii. . i: t, '-~pse-i~ ch.ange isted n e xt is 'ith resrert to the value for the

V ,-v'D1i' ontity Is Listed for the first entrY to the

,. -:. - , -r the I' ,', and subsequent entries, but f,,r the

31 t t i t ingle;-; in that it is with re:peert to

0

I .I-,'" T ,; t i i se d or VNFW I n I tm 8E K ot t ht

d;, t



The reader is reminded that, as indicated in Items 8A, 8J, and 8K in

Subsection 5.2.2 of this report, a restart run requires certain changes to the

primary input-data file in addition to the use of the restart file as an input

via TAPE47.
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APPENDIX A

NASTRAN/ESP INTERFACE

A.1 - COSMIC NASTRAN

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

,nodel matrices may be read in ESP is that provided by the OUTPUT2 routine in

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

In this interface 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

et to 11.

It is noted parenthetically that an interface in which matrices are

wricten to separate files (via different output units) would have provided the

,Per with a greater freedom of choice in selecting combinations of ESP input

-iatrices. However, at least for the CDC April 1984 COSMIC NASTRAN release,

for wiich the present interface was developed, the code as delivered provides

for only one output unit in conjunction with OUTPUT2. A Fortran modification

* $,uid be Introduced to obtain the more general capability described in

tir .nce 8. However, it was judged that most installations would probably be

., the program as received from COSMIC, and that users at these

.,,-.::liarions would prefer to restrict their OUTPUT2 usage to a single unit

riher than change, or request a change to, their original NASTRAN source

is noted also that difficulty was encountered in obtaining results

1':' ,IT? using release 17.7 of COSMIC NASTRAN. Thus far, the procedure

'. e ~rIed herein has been used successfully only with the April 1984 release.

An illustrative control-statement sequence for executing the April 1984

Ieri4e c-f COSMIC NASTRAN on the NADC Central Computer System is shown in

* 'grrv A-i. In addition to containing the time parameter, the JOB card

A-I



NASTRANPTXXXXYSTNOS.
A CC 0UN T U UU U U UP F'P PPP.
GET, F li'Lii El.
IE F INE ,UT 1 = K MM.

* GET, NAST484/UN=SYSTEM.
E(EGIN, ,NAST464.
PFL, 160000,
RED'UCE(-).
LINKI , L~DDEDDD

Figure A-I1 Typical Control-Card Sequence for COSMIC NASTRAN Run to

Prepare OUTPUT2 File for ESP.
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F,.... - -.-. ...

zpe-ifies execution via the NOS operating system. Execution is initiated via

Che LINKI statement, in which the second term is the input data file.

The permanent file name KMDM, shown in conjunction with local file UTI in

i-igure A-1, is intended as a reminder of the required matrix order in the

i',TPUT2 file. As will be seen from the subsequent discussion of the addi-

rLnaia DMAP statements, each letter in the OUTPUT2 permanent-file name is the

.trst letter of a DMAP name that has been assigned herein to one of the four

tirices used by ESP:

o K - flexibility matrix

o M - dynamic mass matrix

D - rigid-body-displacement matrix

o M - plug mass matrix

o.L- however that, as indicated in Subsection 5.1, not all ESP input matrices

* ! b read from the same source, and therefore the OUTPUT2 file should not

.,*.-cssirily include all four of the matrices listed.

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

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

U UUTPIT2. The statements to be added to the Executive Control Deck are

,-,ow in part (a) of the figure. Part (b) shows these statements in the

(txt of tht original DMAP sequence, so that the relationship of the alters

,,the rigid format in which they are inserted can be seen without having to

.- either to the printed DMAP sequence in Reference 8 (pages 3.4-1 through

to a listing obtained from a NASTRAN execution using a DIAG 14

*..atit~v' Control card. For a more complete understanding of the relationship

.t.-e the alters and the original DMAP sequence, the reader may wish to

r ti- description of the DMAP operations in Rigid Format 3 given on

4 -7 through 3.4-11 of Reference 8.

A key consideration in determining the DMAP alters for prcviding the ESP

i:,-ri-res is the set of units used in the NASTRAN analysis. Independent of the

('F- of the needed matrices, the units must be as specified in Subsection

S, ny the case illustrated in Figure A-2, the Bulk Data was in the same

* aq those used in ESP, and a PARAM WTMASS card had been included to

A-3
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ALTER 66
SOLVE (LLY/KLLI/ $
MATPRN KLLItvvp// $
PARAIIR //*DIV*/VPNRECWTM/1.O/CiYWTMASS $
PARAIIR //*COMPLEX*//VNRECWTM/O.0/ViNRECWT1C $
ADD MLLp/MILLW/VrNpRECWTMC $
ADD iRRi/MRRW/VYNPRECWTMC $
MATPRN MLLWiHRRWPPP// $
ALTER 68
1IATPRN D M f p 7! $
OUTPUT2 KLLI ,MLLWYD11dIRRWP//-1/11 $

* OUTPUT2 ,,/-i1$

(a) Additions to Executive Control Deck

62 SMP1 USETYKFFppp/GOpKAAYKOOwLOO,,ppY $
63 SMP2 USETGOPMFF/MAA $
64 LABEL *LBL5 $
65 COND LBL6YREACT $

66 RBMG1 USETPKAAPtIAA/KLLtK(LRYKRRtKLLPtILRPlRR $
66 SOLVE KLLt/KLLI/ $
66 tATPRN KLLI,,tp// $
66 PARAMR //*DIV*/VNRECiTt1/1.0/CYWTMASS $
66 PARAMR //*COtPLEX*//"PNPRECWTM/O.O/ViNPRECWTMC $
66 ADD 1LLp/MLLU/VYNYRECWTMC $
66 ADD MRRP/MRRW/VYNRECWTMC $
66 MATPRN MLLUMRRWYPP// $ T

67 RBMG2 KLL/LLL $
68 RBMG3 LLLiKLRPKRR/DM $
68 MATPRN DMPPIP// $
68 O'JTPUT2 KLLIPMLLWPDMPMRRWP//-1/11 $

.068 OUTPUT2 ppyp//-9/11 $
69 RBM04 DMYMLLYtILRrMRR/MR $
70 LABEL LBL6 $

(b) Modified Rigid-FornAt-3 Listing

Figure A-2 -Illustrative Modifications to COSMIC NASTRAN Rigid Format 3

(Normal Mode Analysis) to Obtain DesireO ESP Matrices

via OUTPUT2
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convert the weight data to mass units within NASTRAN. To :eturn 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

m atrices in ESP, the first parameter in the OUTPUT2 cal ling sequence (see

Reference 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,

J
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

OUTPUT2 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

NASi'RAN as well, it is noted that the dynamics idealization used must 'u

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

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

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

To complete the discussion of the interface between COSMIC NASTRAN and

I 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

Cletbilitv and dynamic mass matrices is controlled by KLIJEV(7) and KLUEV(8),

:ir-pectfvely (see Subsection 5.2.2); the rigid-body-displacement matrix and

hbE plig mass matrix are always printed. The matrix name shown in the ESP

is taken from the name used in the OUTPUT2 DMAP statement.

A - NASTRAN

The interface between the MacNeal-Schwendler Corporation (MSC) version of

NASTRAN and ESP parallels that developed for COSMIC NASTRAN except for a few

varliatons. First, to provide greater freedcm of choice in selecting combina-

ti'n' of FSP Input matrices, the four desired matrices are assumed to be

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

A-5
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.-J

READING COSMIC NASTRAN MATRIX DM
NUMBER OF COLUMNS = 3 1
NUMBER OF ROWS = 130

READING COLUMN 1
NUMBER OF ROWS READ = 130

1.0000E+O0 3.5441E-14 -5.4770E-13 1.0000E+0O 3.4475E-14
5.2374E-15 -2,3313E-13 1.0000E+00 9.4279E-16 -4.5516E-14
2.2774E-10 1.000OE+O0 -1.2897E-11 2.2778E-l0 I.0000E+00
1.O000E+00 -1.2897E-11 2.2781E-10 4.1930E-07 -5.6440E-09

-4.6411E-12 2o9308E-07 -2.2524E-09 -3.0687E-10 -9.7966E-14
-2.6587E-10 -3.2529E-11 4.8359E-10 -2.1033E-10 -6.1954E-11
-1.4661E-11 5,9053E-10 -4.5631E-11 -4.9853E-12 6.0109E-10 @66
-1.2362E-10 7.1660E-11 1.6474E-09 -5.2270E-02 -1.5679E-12
-3.8408E-11 2.6592E-09 -4.2439E-10 -3.840BE-11 1.1875E-08
.-4.6407E-02 -5.5957E-10 -4,6407E-02 5.2812E-10 -4.6407E-02
-4.6407E-02 -1.5956E-10 -3.3057E-02 1.2539E-09 -3.3057E-02 -

8.2763E-09 -5.4285E-11 6.3358E-09 -5.7732E-11 4.5312E-09
3.1170E-09 -1.2079E-10 3.4353E-09 -1,7612E-10 4.6702E-09

READING COLUMN 2
NUMBER OF ROWS READ = 130

-6.3810E+00 1.0000E+00 1.5607E-12 -3.7010E+00 1.000E+O0
1.OOOOE+O0 5.1404E-13 1.6552E-12 1.0000E+00 9.2646E-14
1.6479E-09 -1.5791E-07 1.0000E+00 1.6479E-09 -2.0545E-07

-2.8628E-07 1.0000E+00 1.6479E-09 3.1751E-06 -2.1575E+02
1.0000E+00 2.1656E-06 -1.8100E+02 8.8518E-08 1.0000E+O0 0"
1.1644E-07 1.0000E+0 -1.2600E+02 1.0246E-07 1.0000E+00
I.O00OE+O0 -6.6430E+01 4.6917E-08 1.0000E+00 -4.9675E+01
1.9330E-08 9.9863E-01 -5.2340E-02 -8.8280E+01 -3.0605E-O8
1.OOOOE+00 -2.2900E+02 -9.8517E-08 1.OOOOE+00 -2.2900E+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 is 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

CI)C 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

DMAP listing are given in part (b) of this figure. A comparison of the

OETPIUT4 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,

11d, 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

4rf(rmatioo for each column, which is obtained from the beginning of the

$.TUT.T4 record for that column, provides additional information for checking

purposes related to the data-condensation features in OUTPUT4.
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ALTER 181
SOLVE KLLP/KLLII
MATPRN KLLII/ $
OUTPUT4 KLLII/-3/11
ALTER 212
MATPRN DMll/ S
OUTF'UT4 DM//-3/12
ALTER 250
PARAMR /IDIV/VNRECWTMI.O/WTMASSS
PARAMR IICOIPLEX//RECWTMIOO/VNRECWTMC 7
ADD MLL,/MLLW/VNRECWTlC $
ADD MRR,/MRRW/VNRECWTMC $
1IATPRN MLLWPMRRW// $
OUTPLJT4 MLLW//-1/-13 $
OUTPUT4 MRRW//-2/13 $

(a) Additions to Executive Control Deck

181 UPARTN USETPKTT/KLL,,KLRKRR/T/L/R $
181 SOLVE KLLF/KLLI/ $
181 MATPRN KLLI// $
181 OUTPUT4 KLLI//-3/11 $

212 RBIIG3 LLLPPKLRPKRR/DM $
212 MATPRN DM11 $
212 OUTPUT4 DM//-3/12 $

250 UPARTN USETsMTT/IILLpMLRMRR/T/L/R $
250 PARAlIR //DIV/VNRECI4TM/1.O/WTMASS $
250 PARAMR //COMPLEX//RECWTM/0,0/VNRECWTMC$
250 ADD MLL,/MLLW/VNRECWTMC $
250 ADD MRR,/MRRW/VNRECWTMC $
250 MATPRN MLLWPMRRU// $
250 OUTPUT4 MLLW//-1/-13
250 OUTPUT4 MRRW//-2/13 $
251 RBMG4 DMMLLMLRMRR/MR$

(b) Modified Rigid-Format-3 Listing

Figure A-4 -Illustrative Modifications to MSC NASTRAN Rigid Format 3

(Normal Mode Analysis) to Obtain Desired ESP Matrices

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

i bsolute coordinates.

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

gener.ilized-mass matrix would generally contain off-diagonal terms, however,

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

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

ih the airplane center of gravity.

With the introduction of a capability for user specification of zero-

A.rspeed rigid-body frequencies (see page 3-2), a procedure for calculating

i'gid-body elements in the generalized-stiffness matrix was required. It was

;1LdgcJ most desirable for the user-specified rigid-body frequencies to apply

r,, inc,),;pled nodes, i.e., to modes in which the rotations are about the

center of gravity. With this approach, the effective rigid-body

A'?-.,: would be located at the center of gravity, and the generalized-stiff-

:r':!;x. in terms of modes defined by the plug degrees of freedom, would

r- the generalized-Trass matrix in that it too would contain off-

, te discussion that follows, the elements of the generalized-

• ;. tnc, ; watrix are developed in terms of the elements of the generalized-

, matiix and the specified natural frequencies for a rigid-body system with

w r-:ifo'ation mode and one rotation mode. Thereafter, expressions are given

the, more general modal combinations associated with either symmetric

,iltiidlnal) or antisymmetric (lateral) motions.
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h d T

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

[m : ] + [ ekdl ::~= 0. (B-I)m d - kh d  h

T, I + md " khd ke + kOd

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

the natural frequencies of this system are

1/2 1/2
h (k h/m) = (k /1) (B-2)

To jevelop the de.;ired relationships between the generalized-stiffness

matrix elements and the generalized-mass matrix elements and the natural

frequercies, Eq. (B-i) is first rewritten as follows:

'+h = (-3)

M I , K h KAJ _

By comparing Eqs. (B-i) and B-3), it i seen that d may be written as

d N= Mhlh (B-4)
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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
Khh = Mhh wh ' (B-5)

Mhe 2 (B-6)

K =M W2 K(B7
Oh Oh h Kh6 (B7)

The expression for Kse requires some algebraic manipulation. First, an

expression for I is formed by comparing Eqs. (B-i) and (B-3) and substituting

Fq. (B-4):

*2

Sh (B-8)

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

24

k (M0  (B-9)Se- 06 •

iinallv, after equating stiffness elements in Eqs. (B-i) and (B-3), and

'::i zitng Eqs. (B-4), (B-6), and (B-9), the desired expression for K is

,, jined:

.0-- oe = se Mh h h

2 2 (). (B-)

Fcr the general symmetric case consisting of fore-and-aft translation,

'eitical translation, and pitch, which will be denoted here by the subscripts

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

B-3
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2 ]i

K M 2 (B-il)

12 21 0, (B-12)

13 31 13 1' (B-13)

K2 2  =122 2 (B-14)

2
K23 3 2 M23 2 (B-15)

K33 M33 w3 i-Ii (-6

For the general antisymmetric case consisting of lateral translation,

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

generalized stiffness elements are:

2
K11 =M ' (B-17)

2

K1 2  -K 2 1  = M 2  i (B-18)

K13 K 31 = M13 2 (B-19)

2

K23 ' K32 = M2 3  2, (B-20)

M2\
22 22 12(-Mw2 (B-21)

K - 3 ( 2 w-) 2)

0 3
33 M 33 w3+ M-- ) 1 (B-22)

The calculation of the rigid-body generalized stiffness elements in ESP

is performed via Eqs. (B-Il) through (B-22).

B-4
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APPENDIX C J
DEFINITION OF CONSTRAINT PLANES

For the results obtained from ESP to have the most practical significance,

it is desirable that a minimum-flutter-speed point 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

,,onstraint-plane definition.

C.1 - FULLY INDEPENDENT SEARCH VARIABLES

The simplest approach to the definition of constraint planes is to

az.sume 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

'i lower bound for each search variable need be specified, and the search

* pace, when scaled according to the suggestions in Item 81, Subsection 5.2.2,

wiil then be a unit multi-dimensional cube oriented such that each

*,sacch-variabe axis is normal to one pair of parallel cube faces. items 8P,

HR, and 8S, which are the data items associated with the goneral method of

o,,traitt-plane definition in ESP, will then take on the following val,;es:

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.

Each unit normal vector, constituting one colann 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,I) array for fully independent search variables is shown

in Figure C-1(a).
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MS TAR
-(2*NPARM)

NPARM 1.0 -1.0

1.0 -1.01.

1 .0 1.0 -1 .01 .
1.0 -1.0 I ]

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

MSTAR
=(2*4) + (1*2)

NPARM G(1,1) G(1,2) G(1,4)
-(2*2) (-(2,1) G(2,3) G(2,4)

+1 G(3,5) . .. G(3,8)-10

G(4,5) . .. G(4,8) 1.

(b) Partial Two-Dimensional Search-Range Dependency (1 fully independent
variable and 2 store stations with two-dimensional dependency
represented by 4-sided polygons)

MS TAR

NPARM 1)G(1,3) G(1,5) G(1,6) G(1,7)1

I3 I1 C(2,2) G(2,4) G(2,6) G(2,7) G(2,8)

G(3,3) G (3, 5) (;(3, 8)

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

Figure C-I1 Illustrative Unit-Normal-Vector ArraYs, CI1
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o In Item 8S, 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

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

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,

for which no search-space refinement is to be introduced, will be independent

o't each other and also independent of the two variables Involved in the

rut inement.

The determination of the contributions to G(J,I) and B(I) from each

tvc-dimensional space may be accomplished using either of two approaches. A

primarily graphical approach involves: (1) drawing an outward normal from the

scaled search space at each polygon side, and then determining its direction

co :Sie.s (components of the unit normal vector); and (2) measuring the scaled

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

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

4 , ach polygon side; then these equations may be manipulated into the form

.- oe in Eq. (3-1), page 3-1, Reference 4, from which the desired results are

* *'KU, i't,.. available.

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

tfe. rqutlts for the individual store stations:

1 MSTAR, which corresponds to the number of columns in the array

G((,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

C-3
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(2) twice the number of additional mutually independent variables (as

in Subsection C.). S

o The columns of G(J,I), which are composite unit normal vectors 2
considering all search variables at all store stations, will in

general have two nonzero elements for those vectors associated with a

polygon 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-l(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

those in Subsection C.l.

C.3 - VARfABLES 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.,

m.ss, M, pitch inertia, I, and longitudinal center of gravity, x) by

constructing constraint lines in three two-dimensional spaces ((M,I), (M,-),

and (x,l)) successively.

An important advantage of this approach, other than facilitatin , the

definition of the three-dimensional search boundary, is the fact that each face

,f the rLsulting polyhedron appears as a line in at leost one of the t hiet

,w-dimensional spaces. Thus, the unit normal vectors to he provided in the

o;(.,1) array will each consist of no more than two nonzero components which can

lie determined from two-dimensional plots exactly as described in Subsection C.2.

The data in Items 8P, 8R, and 8S of Subsection 5.2 will again consist of

.1 combration of the data for individual stations. As in the previous

subsection, fully Independent search variables may be added to those having

C4
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dependency, and, if desired, two-dimensional dependency ma, 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

Independent search variables.

o The unit normal vectors, which comprise the columns of G(J,I), will

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

nonzero components for a polyhedron face may correspond to any two of

the three search parameters associated with that polyhedron, and,

therefore, as illustrated in Figure C-1(c), the two nonzero elements

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

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

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

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

C.4 - VARIABLES WITH HIGH-ORDER SEARCH-RANGE DEPENDENCY

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

constraint hyperplanes. Perhaps the best ultimate solution would be a

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

.ivailable, perhaps the best approach to use, when it is important to consider

1kur or more parameters to have mutually dependent search ranges, is to

p,,rform searches in two (or possibly more) successive three-parameter spaces:
"fh three parameters that are judged to be most important from a

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

then the minimum-flutter-speed point(s) found from the first search wouild he

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

other sto)re parameters as variables.
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As has been noted in Subsection 5.2.2, one special case of a lour-parameter

problem that can be readily accommodated at present is the situation in which

pitch and yaw inertia are considered to vary in an identical manner (KCONST A

0 in Item 8J). The number of variables with mutually dependent search raini,es

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 independently to a significant extent, the "slaving" approach will

probably crnstitute a good first approximation. A follow-up search can then .

be done, as di:cussed in the previous paragraph, in a space containing pitch

and yaw inertias as separate variables.
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