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Pregsonted is a procedure for using the FLINSTAB Ixternal Structural Influence
Cocfficicnts (LSIC) computer progran to produes the structural data necessary for the
FLTHSTAR Stability Derivatives and Static Stability (SD5SS) program. The SD&SS pro-
gram computes trim state, gtability derivatives, and precsure and deflection data for
a flexible airplane having a plane of symmetry. the procedure uses a NASTRAR finite-
element structural model ag the source of structural data in the form of flexibility
matrices. Selection of a set of degreegs: of freedom, definition of structural nodes
and panels, reoxdering and reformatting of the flexibility matrix, and redistribution

of existing point mase data are among the topics discucsed. Also discussed are bound=-

ary conditions and the WRSTRAN substructuring technique.

INTRODUCTION

Large modern aircraft structures are fregquently quite flexible and produce large
flexibility effects on aircraft stability derivatives and aerodynamic loads. This
gituation makes the design of such aircraft difficult because the techniques used fox
the analysis of these structures must be able to accommodate the effects of flewibi-~
1ity on the analytically derived load3 and stability derivatives.

pDefinitions

Some of the concgptz uscd in the WASTRAN/FLIXSTAD procedurc &re aerodynamic znd
etructural modela, ctructural nodes and GRID points, slender and thin bodies, ana
flexibility matrices. Aerodynznic and structural rmodels are mathematical decceip-
tions of the airplane. Aerodynamic models are used by the FLEXSTAR program to con-
pute the zerodynamic preasures on each part of the airplane at a given set of flight
cornditionc. Structural medzls are used by the HASTRAN pregran to corpuie the defor-
mationa of the airplanc that rzsult from an a2pplied lcad distribution (such ag the
acrodynamic pressuras ccnputed by FLEXSTAB). Structural nodes (used in FLEMSTAB) and
GRID points (uned in WASTRAN) are gecmetrical peints located on the structural model
of the airplene. When loads are applied to these points, the structure will deforan
in a predictable &nd calculatable way. Seructural nodes will allow translational
Geformation of the structure in three crthogonal directiens, whercas GRID roints will
allow these transleticnal deformaticns and will also allow rotational deformations
about these three directions. Slender bodies are used in the aerodynamic model to
describe parts of the airplane that recemble a body of revolu lon, such as fuseluges,
nacelles, and external stores. Thin bodies are used to describe the relatively flat
parts of an airplane, such &8 wings, fins, and tails. The flexibility watrix is 4
square matrix that coantains the strucrtural deformztions of all structural nodes that
result from unit loads epplicd individually at each structural node of the airplane.

Assumptions and Recomnendations

This prccadure raquires that the reader hes some tamiliarity with the FLEXSTARB
and NASTRAN computer preograms and that FLEXSTAB acrodynamic models and NASTRAN struc-
tural models of an aircraft are available for uge. These models can be quite inde-
pendent of each other, but there should be structural elements in NASTRAN for all
aercdynamtc bodies in the FLEXSTAB model and the scme coordinate systens should be
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uzed for both. A pourcs of diztribuicd pacs éatz should be avellable. It is recon-
mended that all hadies with significant macs or structural propertics be presont in
the eodels, even if they are not usunlly necessary for the tyre of analyaic parforcad.
For oxample, the vartical tail should be included, even in a sywaotric-oaly cnalysis,
to preperly account for the inertial forces caused by 15 maso.

Tha FLEXSTLB systen of aercelastic analyois prograas poaraita the znalysis of flex-
ible aixcraft giructures,. %This systen has a gtructural wodeling capability of ita
own; but because it is relatively sisple, FLEXSYAD also zllews uce of an alternate
structural medsling technique using matvices ¢o desnrike the ctructural properiies of
an aircraft. Any structaral analycia method say be adopted to generate the struce
tural watrices. Thio roport expiains how to usa HASTRAN structural models to produce
the necesasary nmatrices and hee to incorporats this structural informaztion into the
FLEXSTRE systen.

COMPUTER PRCGHRAN DLECRIPTIONS

FLEXSTAB is a oystom of computer pregrams usged for rodaling alrcraft aercdynarics
and structure and for analyzirg sircraft gtebility and locds (ref. 1). Aerodynamic
rodeling i accomplished by defining gecmotry andg then deriving ecercdynanic influencs
coefficients by using the FLEZSTAD Gocmetry Definition (GD) program and the FLEZSTAR
Leredynanie Influense Cocetficicnts (LIC) progren. Structural msdeling i8 accon-
pliched by ¢enerating flexibility and pace distribuificna inforpation by uaing NASTRAN
and other non~FLENSTAE programs; and then dofining ctructure and doriving structureal
influencs cocfficients by using the FLEXSTAB Entevnal Structural) Indluence Coaffi-
cients (BSIC) progsranm. RAreraft stobiliey derivotives, curface prcugurss, and struc-
turel dzfovmitionz are obtained by using the FLENSTAD Stability Darivati +
Stabilivy (EDLS3) progranm.

RASTRAN is & general-purpess, finite-clemant computer program for gptructural ana-
lyeis (ref. 2). 1t ig erpscially suitable for anrlyeing complan airevafs structures
becauge it is decigned to handle very large structural pedelis. The user-oricnted
modeling cysten is an important characteristic of the procran. MNASTUM coan produce
flexibility matrices for both symmatric and antisymnetric bounde sy conditions, and 47
the ntructural mocal is accurately sized, NASTRAN can produece most of the poga-
distribution data required by FLEXSTAD.

ESIC ILPDT REQUIRTNENTS

A comparicen of the I'LEXSTAB acvoedynamic modol geonatry with the HASTHRAN struc-
tural model gezometry ig noceusary to gelect a set of gtructural nodes for £SIC., ESIC
structural bodies are defined in the same order as their correeponding aerodynanic
bedies in the FLEXSTAB GD progranm. A set of GRID points extending epproximately frenm
the poge to the tail of the HASTRAN fuselage should be aselected as ESIC structural
nodes SFor the fuselage slender hody. Foxr some nodels, it may prove convenient to
define a get of extra GRID peinis along the fuselage nean centerline, and cennect
these points to the fugelage structure using multi-point construint (HPC) cards.
Eulti-point constrainte cause a specified point to Ceform in x rarticuvlar direction
bagad on the daformations of severzl other points,.
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Tha B3IC otructural rzpraccatation for thin bodiog consints of structural ncdec
&rd o naethod of connacting these ncedas to forn elthar triangular or quadrilateral)
panzis. GRID pointz aleng lcading end tralling cdeso end along vain gpara chould be
gelected as BSIT structural nedss for thin bedies, using ahkout the came number of
structural nodos oo thore ere acrodynondic pansle. . '

© The cholea of triamgular or gradrilzotoral gtructural panols Lo dictatzd by struc-
tural rathsr then acredyasmie cousiderations; i.0., the chape of otructural panels ie
ceepletaly indepandent of the chaps of cerodynamic panals. Unusuzlly large struc-
tural panols ghould ke oplit into & nnrber of comallor panele by the addition of a fow
nora ctructural nodas whcrevay pousible, and panels that nre consicdercbly larger in
ona dimonsicn than in another chould bz avolded.

Each beody hno it3 oim lecal coordinate systenm in which the goometry of the body
iz dsfined. Slerder-body axco cre all porallel to the FLEXSTAB bhasic coordinate oys-
ten. %Tha n-anis ig & hericontal wvector pointing fron the nose toward the tail. The
y-axzig ig o horizontal vector porpendicular te the n-axin ang pointirng froz the plana
of gymzotry toward the right wing tipe. Tha z-anis {5 perpondiculzr tc both n- znd
y-axaes and points up (right-hard rule), The n-coordinates of the g)=xnder-bedy ncdes
ars input £rom the cmnlleat to the largeot value; the y- and z-coordinates of the
glendaer body are the sare for &ll nodes on the bedy. .

For thin bodies, the x-anis is a horicontal wvector in the lifting plane of the
thin body that ic parallel to ¢ha2 plona of gyrmotry ond points from the leading odza
toward tho trailing cdoo. Thoe y-aiic ic a vector in the lifting plane perpesndicular
to tha n-anis end pointing towrard tho tip of the thin bedy. The z-axin is perpondic-
ular to bkoth the 2~ ong y-ay2s and ig tharefere normal to the lifting sisne,. Its
positive direciicn is found by use of the right-hond rule. The nodes on thin bodies
can be in arny ordsr; their n- an y-coordirates are input in pairg; the s-~coordinate
io zero.

Selaction of Digrecgs of Fresdon

The geom:ztry of the body and the transiatisnel dzgroes of freedom are defirned
in the local-axin cynten fos each bedy, but rotaticnal degrzees of freeden nust he
cxcluded. Each etructural nede can have up to three decgrees of freedeom, but all
nodes on a body most have tha sane nusmber and type of degrees of freedoa.

For bodiecs on tho plans of synmetry, the flexibility matrix chould include only
thoge degrees of freeden for ths desired type of moticn:  symmatric or antigymnetric,.
The degrezs of freedoa fer vlender and thin bodies nust o ordered d, dy, dz for
cach nede, in the gome order ac the gtructural) neda locaticns. Kl degraes of freo-
don required for koth typres of syrmetry should bz included in the BSIC degrecs of
freedon met; the LSIC program autonmatically elininates invalid degreces of freedon for
all nedes on thz plane of symmatry fer each of the symnetry conditions.

The degreez of frecdon used in the ennlyois are as follows:

1. Oa the plene of syrmatry:s For the cymmotric flesibility matriz, the FLIDX-
STAB d; degrees of freedonm are used for slender bedies and dy degrees of freedom are
used for thin bedies, whercas fozr the antisyimetric flexibility natrix, dy degreca of

freedon are uged for clendsy bodias ard 4. dmgreoeg of fresdon are uced for thin
bodies.




2. ot on the plans of syroetry: For both cyrmatric andg antioyeratric flesibil-
ity patrices, &, and 4; degreon of freedom ars uwesd for aslendsr bodies and d; decgraees
of freedom are uzed for thim badjes.

The degrees of freedom used in BSIC are these which appear in either or koth of
the flexibility watrices. The cagrees of freeden used for each kody in ESIC are gspec-
ificd in the $DEGREES CF FREEDCHA card set for each ESIC bedy. The degreces of frcedon
that becows part of the £lenibility matrix are controlied by NASTRAN ASET cards.

Constralinty

For clamped flexibility matrices, ESIC requires WASTRAN constraints that resist
rigid-tody rotiony of the aircratt. Tae claxp point is the GRID point that has all
six degcees of frecdon cet equal to zero by a single-polnt conatraint (SPC) card.
Single-point constraints cauvse a specified point to dzform a known amcunt in a par-
ticular direction. It is generally advisable to clamp the nodel at a gingle GRID
point near the center of gravity on a relatively stiff port of the structure. How-
ever, a GRID point can inatead be located exactly at the center of gravity, and its
defornation can be defined by uning MPC cards. This extra point can then be used as
the clamp point.

Boundary conditicng for symnotric or antisymoetric motion require two different
gets of SPC carde for GRID points on the plane cf syrmmeftry. For symmetric roticn
all out-ef-plane degreas of frecdc. of GRID pointa on the plane of syrzatry are set
equal to zere, vhercas for anticyristric motion all in-plane degrees of f{recdom of
GRID peints on the plane of syrmotry are eet equal to zero. Thus, two serarate exe-
cutions of HASTRAN are required to produce beth cycmotric and anticyrmetric fleni-
bility natrices.

Flexibility Matrices

ESIC always regquires a clonmzad flexibility matrix representing the reactions of
the aircraft structure to symmetric loads, a separate fleribility natriz iz often
recagsary for repres:i:nting reactions to antisymmotric lcadz. The FGRTRAN program,
hASTY, converts flexibility matrices from the internal degrec~of-freedon ordering of
NASTRAN to the order required by ESIC.

RASTRAN STRUCTURRL DATA

Two important types of structural data can be obtained from WASTRAN: the flexi-
bility ratrix and the mass matrix. Both of the rmatrices are available from Rigi2 For-
mat #1, commonly called STATICS, o program that produces static reactions of a struc-
ture to applied loads. STATICS is requested in the WESTRAN executive control deck.
Generally, the NASTRAN order of the degraes of fresdom for the flexibility matrix is
from the smallest SRID point number to the largest, with the degrees of freedom for
€ach GRID point in the following crder: T1, T2, T3, Ri1, R2, and R3 (or 123453). A
licting showing the HASTRAN order ~f the degrees of freedom can be obtained with the
CIAG card in the executive control deck. Two EASTRAW ewnccutions are required to
preduce the symmetric and the antizynnetric flexibility ratrices, whereas the nacs
matrin (if present) can be produced during either execution. The diagcnal of the
flexibility matrix shovld be exanined for vnusuaily lerge values (greater than about
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0.10 for relatively flexible zireraft; groater than abeut 0.010 for stiffer aircraft).
The oags extrix can only be obtained if the HASTIVH nodel is dimensionally detailed
and if paes densities have been specified for all elercnts. The dliagonal of the macs
matrix is the data of interest for input to ESIC.

HASTRAN SUDSTRUCTURIRG HOTES

When an airplane structure is too large to put into the computer as a single
structural rcodel, the structure nay be divided into smzller parts {substructures)
and entered into the conputer geparately. f%he subastructure technique reguires two
types of exccutions. The Phage 1 executions enter the data frem each substructure.
The Phasa 2 oxccution then combines this dota from all gubgstructures to form the
entire eirplane gtructurc. In Phase 1 ecxecutions, the ASET cards nmust include all
FLEXSTMD degrees of frecedom desired for the flexibility patrix and all unconstrained
boundary (or substructure connection) cGegrees of freedonm. All degrees of freedom in
the Phane 2 analysis set are in the NASTRAH kasic coordinate system, which i3 a

parallel asystenm to the FLEXSTAB basic coordinate system. For thin bodies with con-
siderable dihedral (+ ¢r -), a transformation of the Phase 2 natrices may be required
to provide degrees of freedom in the FLEXSTAR local-axis gystemn, The flexibility
natrix is cutput from the Phase 2 MASTRAM exccution.

£SIC DATA PREPARATION

The data needed for ESIC are a set of point masses for the vehicle, a KASTRM
gtructural nodcl, and a FLENSTAZ aerecdynamic zedsl. 7The PLEXSTAD ac credynamic wo
is compesed of one or more slender (shell) boadies, and one or more thin (lifting
surface) bodies. Tuhese bedies are nusbered differently in the GD and the ESIC decke
(figs. 1 and 2):

.
33
ial

Body lara Pody Yunmbay

GD  ESIC
Fuselage 1 1
Interference kody 2 -
Lower vertical tail 3 2
Upper vertical tail 4 3
Inner wing 5 4
Outer wing 6 5
Horizontal tail 7 6

In ESIC, the interference body is ignored. The following sections preﬂcnu a step-by-
step procedure for generating the necessary input to the ESIC module, ﬂixpllticu
ESIC wodel (fig. 3) is used to generate the entries in tables 1 through 3.

ESIC Node Identification
For ESIC ncde identification, it is necessary to generate a plan view of the
HASTRAN rodel with numbered GRID points, such as in figure 4, and select a set of

GRID points for each ESIC body. The selected set should have about the same densitﬁ
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as the aerodynamic paneling used in the FLOXSTAR GD model (gee fig. 1). Fcr sone
caees, where the gtructural modal is somewhat sirmpler then the aerodynamic modcl,
extxa GRID points and otructures must be addsd to the WASTRAN model to achicve a
reasonable density of structursl nodes. On thin bodies the selected points must ke
connected to form structural panels. All panels on each body should e of about the
same gize. Output coordinate-system ancs for HWASTRAW GRID points should be oriented
parallel to the ESIC local-coordinate-gyetem axes for each body. A list should be
made of the selected GRID points (table 1) specifying:

1. FLEXSTAB body number: Monotonically increasing, starting from one with one
number for each alender or thin body .

2. Conponent node number: Monotonically increasing, starting from one, for each
body. Wodes on the boundary between two ncdies must be included with the lower-
nurbzred body. )

3. ESIC degree-of-freedom nunber: Monotonlcally increasing, starting from one,
including all bodies in their FLEXSTAB order. Degrces of freedom for each node are
listed in ay, dy, dz order.

4. NASTHAN GRID ID number: From NASTRAN modcl plot or listing.

5. UNASTRAN degree-of-freedowm: 1, 2, or 3 for %, y, or =z, respactively.

6. HASTRAN order nuwbsr: From NASTRAN DIAG 21 output.

7. - and y-coordinates of the nodes in the local coordinate system of ecach bedy:

These entries are entered on LSIC card scts 23 and 29 {see Lpp. A).

ESIC Pancl Identification

For ESIC pancl jdentification, the compenent node numbars (tabie 1) -should ba
maried on the WASTRAN plan-view plot and a list of ESIC panel cornzr numbers should
be made (table 2). The EZSIC pancls may be quadrilateral or triangqular, but no
gtrange shapes (i.e., panels with angles greater than about 160° or less than 20°)
chould be gencrated. The component node numbers should be listed in either clockwisz
or counter-clockuisce order around the perimeter of each pancl in the four columns
(table 2). If the ponel ig triangular the last column is left blank and if any of
the nodes used to define a panel on a body are from an adjoining body, the number of
the adjoining kody should be not=d in parenthesis behind the node nuwber. The
entries in table 2 are entercd on the FSIC card seot 31 (sce App. A).

Flerxibility Matrix Generation

To produce the flexibility matrix, WASTRAN ASET cards (table.3) should be gen-
erated by cntering the WASTRAN GRID ID numbers and degrees of freedom on WASTPAN ASET
cards. Insert the ASET cards ir, the HASTRAK bulk data deck and add the following
DHAP ALTER cards to the NASTRAN executive control deck:

PLTER 73 $

SOLVE ¥LL, /ELL/ $
DYAGCNAL ELL/EDIAG/ & .
MATRPN ELL,EDIAG,,,// S
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OUTPUTZ ELL; ¢ ¢//Cotls=1/C,18; 11/C, W, FLEXHAT §
OUTFUT2 ,,4,//C.H,=9/C,1, 11/ §
PNDALTER §

Finally, insart a DIRG 21 card in the HASTRAN executive control deck, and insert the
following card in the system contrecl cards before the NASTRAN execution card to create
a disk file o contain the flexibility matrix to be generated:

DEFINE(UT{=FLEXMAT)

The flexibility matrix will be generated by HASTRAN and written on the disk file
TLEXMAT. The matrixz and its diagonal will e printed in the HASTRAN output for use
in checking irndividual data of interest.

Matrix Reordering

To be compatible with ESIC, the flexibility matrix generated by the procedure in
the previous section must be reordered as follows:

1., List the ASET order nuabsr (column A from the DIAG 21 printout) as the NASTRAN
order nusber in the ESIC ncde identification list (table 1),

2, runch a deck of monstonically incrsasing numbers, FORMAT (I3), one per card,
for each LSIC degraz-of-freedom numher (tazble 1}, Sort the deck of ESIC degrce~of-
freedcn nuwabers, using the BASTRLE order numbers, and run the FORTIRAN pregram MASTY
(w/BASCOd), using this deck as inmput (the deck setup is shoim in appendix B).

ESIC Czck Setup

Follow +he inatructions of referenca 1, pages 1i~1 to 11-49. For static aero-
elastic loads analysis, the following card sets are used:

SCASE
$GDTAPE
$OPTION
SDEGREES
SELENDER
$SCALE
$THIN
SSCALE
SEND
SEXIT

Mass Data Ga2neration

Magses are located at structural nodes anu are input in the same order as the
gtructural nedas, Generally, the mass data available will not coincide with the ESIC
node lecaticns. FORTRAN programs FUMAS and REMAS are used to preduce the appropriate
nass caras for SSLONDER and $THIM data groups, respectively. To preduce slender-body
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mase dats cards for ESIC, an inpat deck ic set up for FUMAS as folleows (the deck
setup ig shown in appandix C): )

1. Take the $SLENDER declh for ESIC.
2. Rerovae the $SLENDER carde.

3. add the number of input macses, FPORHAT (F10.0), to columns 31-40 of LSIC
card 22,

4, Add the input mass deck, FOomMAT (2F10.0), with each mzss nmagnitude andé its
x-coordinate paired on a 3ingle card, to the end of tha inpat deck.

If the progran is executed for cach slender hedy, thia will produce punched ESIC mzgs
carde for each slender bedy, due to itg own macg.

To produce thin-body mass data cards for ESIC, an input deck iz set up for REMAS
as follows (deck setupe are shown in appendices D and E):

1. Punch the number of ESIC bodies for REHMAS on the first card, FORMAT (I1}.

2. AdE the $SLENDER deck for B51C (except for mass and $SCALE cavrds) and the
STHIN dack for ESIC {(except for macs uand S$SCALE cards).

3. Add a card wizh the nucker of input masoges, FORMAT (I3).

4. ndd the input wiss declk, FORMAW (3F10.0), with e c3 ragnitude, ard K-
and y~-coordinate on & gingle card, to the end of the inpat deck.

This will produce punched LSIC nmasa cardec for both slender and thin bodies, due to
thin-body magses.

The mass carde for the slandar body, punched hy bothk REMAS and FUMAS, are for the
sana get of slender-body nodes. The mass in eachh field of each card punched by KEMAS
must be added to the nass in the same field of the correspending card punched by-
FUMAS. The resulting total mags for each node nust be puached into the same field cn
the corresponding new cards for input to BSIC.

ESIC EXECUTIONW

To execute the pregram, incert the maes cardz produced from the procedures
described in the previous gection into the $SLENDER and S$THIH sections of the ESIC
input deck and rake an initial run using the RIGID option. The flexibility inatrix
file (HASTAP) is not required. Thig exccuticn of ESIC will produce the total nassg,
center-of-gravity location, and total wvehicle moments of inertia for the digtributed
nagses ingut. If necegsary, adjustrments to the fuzelage masses are made to adjust
the x-location of the center of gravity, and, if desired, adjustnents can be nade to
the z-reference location of the fuselage to correct to the z-location of the center
of gravity. When the mags dictributicn preduces an accentable coenter-of-gravity
location, execute ESIC using the STATIC-ZLASYIC apticn to prodace the necessary inpat
to FLEXSTAB SD&SS for the aeroclaestic cnalysis.

S emniine
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APPENDIX A OF PO0R QUALITY
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PLEXSTAR Cerponent £SIC degree- IIASTINN RASTRAN NILSTRAL H- y-
bcdy node of-freadon GRID ID ! degraze-of ordsy coorx - coor-
nuabar nunbaey nuuer nuxcbar freedon nuzber dinate dinate
1 1 1 3000 3 23 55.0
2 2 3053 3 24 348.0
3 3 3113 3 25 625.0
4 4 5293 3 39 269.0
S . S 5173 3 3¢ 1250.0
6 6 5133 -3 37 1400.0
7 7 5000 2 36 1595.0
2 1 8 4270 3 35 1469.0 136.0
2 9 4250 3 34 1562.C 136.90
3 10 4180 3 33 1679.0 136.0
3 1 1 4150 3 32 1577.0 225.0
2 12 4130 3 31 1654.0 206.0
3 13 41C0 3 30 1702.0 207.
4 14 4960 3 29 1647.0 282.0
‘5 15 4020 3 29 1701.9 202.0
5 16 4010 3 27 1727.0 202.0
4 1 17 3110 3 25 625.0 720
2 18 1420 3 10 969.0 145.0
3 19 1320 3 8 1231.C 149.0
5 1 20 1450 3 9 976.,0 223.0
2 21 1290 3 7 1152.0 305.0
3 22 1210 3 5 1273.0 - 356.90
4 23 1240 3 6 1341.0 222.0
5 24 1130 3 3 1400.0 409.0
6 25 1160 3 4 1456.0 298.90
7 26 1010 3 1 1564.0 4£77.0
8 27 104¢C 3 2 1618,0 406.0
€ i 2 2270 2 21 1489,.0 11.0
1 29 2270 3 22
2 30 2200 2 19 1693.0 17.0
2 31 2200 3 20
3 32 2080 2 15 1638.0 173.0
3 33 20¢0 3 16
4 34 2120 2 17 173C.0 109.0
4 35 2120 3 18
5 38 2010 2 11 1726.0 269.0
5 37 2010 3 12
[4) 38 2040 2 13 1789.0 269.0
6 39 2040 3 14
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TABLE 2. — ESIC FAHEL IDENTIFICATION LIST

: Component node nunmbers (adjoining body numbers)
Body number
| Node A llode B fode C Node D

2 6(1) 701} 2 1

7(1) 3 2 -

3 1(2) 2(2) 2 1

2(2) 3(2) 3 2

1 2 5 4

2 3 6 5

4 3(1) 4(1) 2 1

401) 5(1) 3 2

5 1(4) 2(4) 1 -

2(4) 3(4) 2 1

3{4) 4 3 2

4 6 5 3

6 e 7 5

6 1 2 4 3

3 4 6 5

TABLE 3., — ASET CARDS FOR THE HASTRAN DIECK
ASET 3000 3 3053 3 3113 3 52¢. 3
ASET 5173 3 5133 3 5000 3 4270 3
ASET 4250 3 4180 3 4150 3 4130 3
ASET 4100 3 4060 3 4020 3 4010 3
ASET 3110 3 1490 3 1320 3 1450 3
ASET 1290 3 1210 3 1240 3 1130 3
ASET 1160 3 1010 3 1040 -3 2270 23
ASET 2200 23 2020 23 2122 23 2010 23
ASET 2040 23
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