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INTRODUCTION

In October 1979, a computer program based on the stéte—of—the-art compressor
and structural technologies applied to bladed-shrouded-disk was developed and
delivered to NASA Lewis Research Center under Contract NAS3-20382. The program
was made operational in NASTRAN Level 16.

As part of the effort under the present contract, NAS3-22533, the bladed
disk computer program has been updated for operation in NASTRAN Level 17.7.
This report documents the program in the form of Updates to NASTRAN Level 17.7
Theoretical, User's, Programmer's, and Demonstration Manuals,

The supersonic cascade unsteady aerodynamics routine UCAS, delivered as
part of the NASTRAN Level 16 program has been recoded to improve its execution
time. These improvements are presented in the Appendix.

The work was conducted under Contract NAS 3-22533 from NASA Lewis Research

Center, Cleveland, Ohio, with Mr, Richard E. Morris as the Technical Monitor.
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This section contains new and replacement pages for Level 17.7 of

the NASTRAN Theoretical Manual, NASA SP-221(05).

The updates pertain to aerocelastic theory for turbomachines,

pages to be replaced or inserted are:

Section Pages
Table of Contents xiii

18.1 18.1~1 to 18.1-2
18.2 18.2-1 to 18.2-9
8.3 18.3-1 to 18.3-9
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18.  AERODELASTIC, MODAL hND FLUTTER AWALYSES OF UNSTALLED AXIAL FLOYW TURBOMACHINES

18.1 INTRODUCTION

The rotors and stators of axial flow compressors and turbines are subjected
te centrifugal, thermal and airloads th;t depend on the geometry and the operat-
ing parameters. Steady seroetastic and unsteady response of these “eyclically
symmetric® structures, in turn, influence th:z applied thermal and airlopads.
These inter-active loads and responses arise fundamentally from the elasticity
of the structure and determine the performance and stability characteristics

of the "flexible® turbomachine.

Theoretical developments of Ref rences 1-3, have been applied to determine
the thermal and airloads on the rotor/stator blade of an axiel flow turbomachine,
The computer code of Reference 1 has been adapted for NASTRAN in the functional
module ALG to generate the steady state aerodynamic pressure and temperature
loads. Computer codes of linearized, th-dimensional. harmonic ca;cade theories
for subsonic and supersonic flows (References 2 and 3, respectively) have been
utilized in the functional module AMG to estimate the harmonic airloads pn the
blade in a strip-theory manner, No trarsonic flow theory has been included
presently, and the airloads on and near the transonic cylinder {or cone) are
estimated by linear interpolation from subsonic and supersonic adjacent strip

results.

These steady and harmonic aerodynamic theories, in conjunction with the
existing structural analyses capabilities in NASTRAN have been implemented in

the form of two new rigid formats to perform:

{1) static aerothermoelastic "design/analysis", including differential
stiffness effects, of an axial flow compressor rotor/stator

{D1SP Approach RF 18&), and

{2) Cyclic modal, unstalled flutter and subcritical roots analyses
of an axial flow compressor and turbine rotor/stator {AER) Approach

RF 9),

14.1-1 (8/30/7H)




AERDELASTIC AND DYNAMIC ANALYSTS OF TURBOMACHINES

The vigid formats are designed such that the rotor (or stator) ef a
single-stage, or of each stav: of o multi-stage compresser or tyrbine 4

analyzed as an fsolated structure,

Rigid formats have been destgned in a modular fashion so that additiona)
or improved aerodynamic computer codes could repltace those currently

incorporated,

1412 (9/30/78)
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AEROELASTIC ANALYSIS OF TURBOMACHINLS

18.2  STATIC AEROTHERMOELASTIC "DESIGH/ANALYSIS® OF AKIAL
FLOW COMPRESSORS WITH DIFFCRENTIAL STIFFNESS

At an operating point under steady-state conditions, the bladed-disec
of the compressor is subjected to centrifugal, thermal and serodynamte
loads that result in deformation of the elastéc structure. For a figed
flow rate and rotational speed, th= deformation implies a change in the

operating point pressure ratio,

The process of arriving at an “as manufactured” blade shape to produce

a8 desired, design operating point pressure ratio at a given flow rate and

speed §s herein termed the “"design" problem. The subsequent process of
analyziny the performance of the "as manufactured” geometry at off-design
conditions including the effects of flexibilfity is herein termed the

“analysis" problem,

The current NASTRAN Static Analysis with Differentia) Stiffness rigid
format has been modified to fnclude the effects of non-aerodynamic {centri-
fugal, etc.,) and aerodynamic (pressure and temperature) loads, The fﬁllowing
remarks apply to the simplified problem flow and the algorithm shown in

Figures ) and 2, respectively,

1. The geometry of the compressor bladed-disc sector, its material pro-
perties and the applied constraints are used to generate and partition
the elastic stiffness matrix. Ron-aerodyanmic load vectors are formed

and an opcrating point flow rate, speed, loss parametars, etc, are selected,

2. Based on the undeformmed bYade geometiy and the operating point
aerodynamic parameters, the functiona) module ALG generates the aerodynamic

Joad vector.

3. Total -leads are defined as & combination of aerodynamic and non-

aerodynamic loads,

4, A linear solution for independant displacements is obtained based

on the elastic stiffness and the total loads.

18.2-1 (9/30/78)
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reactions, etc., are obtained,

AREROELASTIC AND DYNAMIC ANALYSES OF TURBOMACHINES

5. Jmitted and constrained displacements are recovered, and stresses,

!
'
1

6. A differentia) stiffness matrix is derived as a function of the

grid point displacements,

7. A total stiffness matrix is now defined as a sum (or difference)
of the elastic and geometric (differential} stiffness matrices for the

“enalysis® (or "design") problem.

.___.,
Vodime

e

e e b

AT tgpaerae |

8. The linear displacements ohtained earlier are used to revise the

blade geometry and a revised aerodynamic load vector is obtained,

9, Again, the aerodynamic and non-aerodynamic load vectors are

combinad to define the total load vector.

10. A non-linear solution for independent displacements i{s obtained based

on the total) stiffness and the total lopads,

11. Dependent displacements are obtained and data such as stresses,

reactions, etc., are recovered,

12, Convergence of the solution is based on the parameter ¢ defined by

b
. |legd tPgip - Pgp)
B
Lpgj {szl

Upon convergence, the final displacements, loads, the deformed blade

s £p

£

geometry, etc., are output, Otherwise, further iterations are performed.

A decision to update the differential stiffness matrix requires a shift

to the outer loop. Only the load vector is revised in the inner loop iterations,

12,1 The final pass, upon convergence, thrcugh the functional module
ALG yields tne “flexible” operating point pressure ratio (among other

aerodynamic data), which can be relocated on the compressor map,

18.2-2 (9/30/78)




T, T N——
8w} P | .l‘r';"-".z

H 0
[T

LR | Ll et | P

e e

L il

AEROELASTIC ANALYSIS OF TURBOMACHINES

The "design® mode of the rigid format {s exerci{sed only at the design
operating point of the compresser. It is a two-step procedure fn that
having "designed® the blade shape, i,e., the "as manufaciured“ shape, 1t
should be “analyzed" at the same operating point to confirm the desigm point
pressure ratfo. The "analysis" mode of the rigid format is a one-stgp
procedure, The "desfgned” blade {s "analyzed" &t selected operatina points
over the compressor map, one at a time, to generate the "flaxible" performance
characteristics of the compressor, The differential stiffness matrix

generated during the analysis can be saved for use in subsequent medal

analysis.

18.2-3 (9/30/78)



ORIGINAL PAGE I8
OF POOR QUALITY

AEROELASTIC AND DYNAMIC ANALVSES GF TYURROMACHINES

1. Compressor bladed-disc sector geometry, constraints,
stiffness matrix,non-aerodynamic loads + operating

point {flow rate, spéed. loss parameters, etc.),

Pressure 1/ 4. "Rigid blade operatiny
Ratio /? b pressure ratip.
// 4 )
/’ b. "Flexible" plade gperat-

\
/\ ina pressure ratio,

¥

|
Flow Rate

bl
2. Aerodynamic pressure and temperature loads,

{PQA} on undeformed blade, ALG

|
3. Total loads {Pg) (Aerodynamic

and non-aerodynamic)

{
4, Independent displacements {ugl
{1inear sclution)

=~y

5. Dependent displacements, stresses, etc.
A
{Vinear solution) : (::)

Figure 1. Simplified Problem Flow for Static Aerothermoelastic
"pesign/Analysis" Rigid Format for Axial Fiow Compressors
including Differential St fness Effects, {continued)

18.2-4 (9/30/78)
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AEROELASTIC ANALYSLS OF TURBOMACMINES

| ®

ORIGINAL PAGE I3
OF POOR QUALITY

6. Differential stiffness matrix [KggJ
7. Tota) stiffness matrix [KERJ
8. Aerodynamic pressure and temperature

loads {PQA} on deformed blade, ALG

i

‘g, Total loads {szi (Aerodynamic
and ron-aerodynamic)
10, Independent displacements {ug}

(Non-Yinear Soilution)

OUTER
Loop

1. Dependent displacements, stresses, etc,

‘{Non-linear Solution)

No No

12.

Convergence
Checks, DSCHK

.i‘his

—— Adjustment to [KggJ
necessary

d
No change in [Kgg]

INNER
LOOP

Figure 1, Simplified Problem Flow for Static Aerothermoelastic
"Design/Analysis" Rigid Format for Axial FlowCompressors

inctuding Differential Stiffness Effects,

18,2-5 (9/30/78)
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AEROELASTIC AND DYNAMIC ANALYSES OF TURBOMACHINES

|

12.1 Final displacements Iu:), deformed

blade geometry, stress, etc, + - Point b on the map
operating point pressure ratio and‘

other flow parameters.

fFigure 1. Simplified Problem Flow for Static Aerothermoilastic
“Design/Analysis" Rigid Fo-mat for Axial Flow Compressors
tncluding Differential Stiffness Effects. {concluded)

ORIGINAL PAGE 15
OF POOR QUALITY
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ORIGINAL poge £5
OF FOOR QuaLiTy
AEROELASTIC ANALVYSIS OF TURBOMACHINES

Enter, after the application of constraints and partitfonipg
te the stiffness matrix and the peneration and transformation

of the non-aercdynamic load vectors (centrifugal, etc!), with

NA

Kaa' Pg ’ Gm' Go' etc,

{PgA} d— 44— Undeformed blade geometry ¢
Aerodynamic Load Generator operating point (flow rate,
{pressure and temperature) spead, lass parameters, etc,)

_ e NA A
[Pgl {Pg } +{Pg )

P} constrain (P}

partition

Lo ) = [K,17 (P)

{ug}<£35é151——— {uﬂ}
[Gmln [GOJ» etc,

d generate d
[KSg] «SSMELELE fxeo (fug))]

______ OUTER LOOP begins

_plA
(Pg} = {Pg")

d constrain d
[k ] e=——2=— [K__]
aé partition 99

[ng] = [Kaa] + [Kga],_ {+) for “anaIysi“ mode of the rfgfd format
(-) for "design® mode of -the rigid format

{Pyo) = {Pgy) + {0}

Ay -
{Ug) [ug}

Figure 2. Simplified Solutien Algorithm for 5tatic Aerothermoelgstic

"Design/Analysis" Rigid Format for Arial Flow Compressors including
Differcntial Stiffness Lffects, (continued)

18.2-7 (9/30/78)
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AERQELASTIC AND DVNAMIC ANALYSES OF. TURBOMACHINES

_______ Inner Loop begins

8. {p A] q—-— «<«— Deformed blade geometry, revised with
[ugA}. + operating point,

o A

b constrain
{PE} ——
partition

Py2}
by - rgb -1 (pb
1. fug) = [k, 170 (P}

1M, {uP) «TECOvVEr )
[6,1, [6,], etc.

Ay b
(ug } = {ug)
d b
{ug }= {ug} - {ug}

] generate d d
[axgg] <« [5Kgg ({ugl)J

d b
(Pgy) = [8KELD fugd + {P o)

A

gl?

12. Convergence checks q—— —— {sz}, nglz}' {u:}

Differential Stiffness Checks

Exit with

a. {ug}. stresses, etc.

Figure 2, Simplified Solution Algorithm for Static ‘Aerothermoelastic
"Design/Analysis” Rigid Format for Axial Flow Compressors including
Differcntial Stiffness Effects, (continued)
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OF POOR GUALITY
AEROELASTIC ANALYSIS OF TYURBOMACHINES

b. Fina) deformed blade geometry —4h<::::::}—4> {PgAl + operating

+ operating point (flow rate, pressure ratio and

speed, loss parameters, etc.). other flow parsmeters.

OR 2. ¢ > e, and adjustwent to k9 no necessary.

Shift to the beginning of Inner toop with
a, {Pg'l} = {Pgl'l] e e e e e e e e e -----
OR 3. e >¢ 2nd adjustment to Kgg necessary,

Shift to the beginning of Quter Loop with

b
a, {ug] = {ug}

d d d S "
b, [Kg = [Kg D - [6Kg,]

Figure 2, Simplified Solution Algorithm for Static Aerothermoglastic
“Design/Analysis" Rigid Format for Axial Flow Compressors iacluding
Differential Stiffness Effects., (concluded)

18,2-9 (9/30/78)
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 THEORETICAL MANUAL UPDATES

18,3 CYCLIC MOJAL AND FLUTTER ANALYSES OF AXIAL
FLOW TURBOMACHINES

The problem of determining the complete, unstalled
flutter boundaries of a cyclically symmetric compressor or
turbine bladed disc involves each member set of the series of
harmonic families of its modes, and the effects of permissibie
interbtade phase angle, over an adequate set of operating
points (flow rates, speeds, pressure ratios, implied Mach
numbers, etc,) of the performance map. In view of the large
number of variables influencing the definition of the flutter
boundaries, a thorough parametric study requires systematic

effective solution procedure,

A capability, therefore, has been introduced in NASTRAN
which, with repeated exercises over the range of variables
involved, will enable determination of the flutter boundaries.
The existing features of NASTRAN for Normal Modes Analysis using
Cyclic Symmetry (Section 3.16, User's Manual) and Modal Flutter
Analysis (Section 3.20, User's Manual)} have been suitably
combined for the cyclic modal, flutter and subcritical roots
analyses in a new Rigid Format 9, Approach AER@. Provision is
also made to inctude the differential stiffness effects by
using the total stiffness matrix saved from the Static Aero-

thermoelastic Analysis (see Section 18.2},

19.3 —4
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In a compressor or turbine, an operating point
implies an equilibrium of flow properties such as density,
vetocity, Mach number, flow angle, etc., that vary across the
blade span. Blade properties such as the blade angle stagger
angle, chord, etc., also, in general, change from the blade
root to the tip. The resulting spanwise varjation in the local
reduced frequency and the relative Mach number must ke accounted
for in estimating the chordwise generalized aerodynamic forces
per unit span at each streamline, Integration of these forces
over the blade span yields the blace generalized aerodynamic
force matrix. Since the relative Mach number'varies along the
blade span, two two-dimensional, linearized, harmonic cascade
theories (Refs. 2 and 3) one each for subsonic and supersonic
flow have been implemented in a strip theory manner along the
blade span. The chordwise aerodynamic matrices for streamlines
with transonic inflow are derived by linear interpolation betwesen

those on adjacent (subsonic and supersonic) streamlines.

The generation of the generalized air force matrices
is an expensive operation and should be judiciously controlled.
In the present development, the aerodynamic matrices are computed

at a few reduced frequencies and interblade phase angles, and
interpolated for others. Additionally, the chordwise generalized

air force matrices are first computed for "aerodynamic modesg"

{(heave, pitch, etc.). The matrices for chordwise structural
modes are then determined from bilinear transformations along
gach streamline prior to the spanwise integration to obtain

the complete blade generalized aerodynamic matrix. This permits

18.3- 2=
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a change in the structural mode shapes of the same or a different

harmonic number to be included in the flutter analysis without

having to recompute the modal aerodynamic matrices for aerodynamic

modes.

The following remarks apply to the simplified problep
flow shown in Figure 1. In this figure, a compressor bladgd
disc performance map is shown, although the analysis is equally

applicable to both compressors and turbines.

1. The geometry and the material properties of
the bladed disc sector are defined along with the'appiﬁcable

constraints, An operating point is selected near ghe expegted

location of the flutter boundary. The solution prpcedure examines

if this operating point is a flutter point.

2. Flutter parameters such as densities, interblade

phase angles and reduced frequencies are selected.

3. The chosen operating point impiies a certain

spanwise varfation of blade and flow properties,

4, A harmonic number is selected for the‘cyc1ic modal
analysis. Grid point mass and stiffness matrices are generated.
The stiffness matrix saved from a previous Static Aerothermo-
elastic Analysis can be used instead, and would include the

differential stiffness effects at the steady state operating

point under consideration.

(§.3-3
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5, Constraints and partitioning yield the analysis

set mass and stiffness matrices.

6. Forward cyclic transformation resulits in the solu-

tion set mass and stiffness matrices for the cyclic eigenvalue

problem,

7. Eigenvalues and eigenvectors in the solution set

are obtained.

8. Symmetric components eigenvectors are derived by

a backward cvclic transformation,

9. Symmetric components eigenvectors are augmented

by recovering the dependent components, and are prepared for

output if desired,

10, For a non-zero harmonic number, the symmetric¢

component eigenvectors are partitioned Lo separate the cosine

and sine components.

11, Based on the number of modes selected for flutter

analysis the modal mass matrix is computed.

12,13. Direct inpdt mass, stiffness and damping matrices,

if necessary, and the constraints thereon define these matrices

for further analysis.

14. The augmented eigenvectors, including any extra
(or scalar) points introduced for dynamic analysis,are formed

and used to define the new generalized mass, stiffness and

1 93=4
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damping matrices.

15, The streamline generalized aerodynamic matrices

for chordwise aerodynamic modes are generated. The variation

of the relative Mach number from streamline to streamline

dictates the use of either of the subsonic and supersonic

harmonic cascade theories. Such matrices for the streamlinesg

. with transonic inflow are interpolated. No transonic flow

theory has been currently included.

16. The structural modes are introduced via bilinear

transformations along each streamline to define the chordwise

generalized air force matrices,

17. The blade generaltized aerodynamic matrix is derived

by a spanwise integration of the chordwise aerodynamic matrices

for structural! modes,

18§ -20. 7The analysis loops through the user-selected

combinations of density, interblade phase angle and reduced

frequency,

21, Based on the (o,k) combination, the appropriate
blade aerodynamic matrix is chosen for the flutter equation,

Linear or surface interpolation, at user's option, is used if
necessary,

22, The generalized mass, stiffness and damping matrices
of Step 14 and the generalized air force matrix of Step 21 are

used to define the modal flutter equations,

‘8‘3-5
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23. The solution to the flutter equations is

sought in the form of complex eigenvalues and eigenvectors,

24, The velocity-damping and velocity-frequency
curves output for each (p,o,k) group are interpreted to

identify flutter points,

25, Based on the relative stiffnesses of the blade and
the hub of the bladed disc sector, a series of harmonic numbers
are investigated tefore arriving at the flutter boundaries.
Presently, the solution rigid format is designed to accept

one harmonic number at a time,

The cyclic modal flutter analysis discussed herein
is illustrated by the example 9-5-1 of the Demonstration

Problems Manual,
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USER'S MANUAL UPDATES

STRUCTURAL MODELING

1.1y STATIC AEROELASTIC AND PFLUTTER MODELING OF AXIAL FLOW
TURBOMACHINES
l.19, 1 Introduction

The NASTRAN aeroelastic and flutter capabilitv has
been extended to solve a class of problems associated with axial
flow turbomachines. The capabilities included are:

1. Steady state aerothermoelastic analysis of
compressors to determine:

(a) The change in geometry between the design
point operating shape and the "as manufactured” shape of the
flexible blade to ensure the required performance (pressure

ratio, flow rate, rpm) at the design point. (This is termed

the "design" problem.)

(b) The performance at off-design operating

conditions for a given "as manufactured” blade shape. (This is

termed the "analysis" problem.)

(c) Displacements, stresses, reactions, plots,
etc., at selected operating points over the compressor map.

(d) A differential stiffness matrix due to
centrifugal and aerodynamic pressure and thermal loads for use

in subsequent modal analysis,

2, Modal, unstalled flutter and subcritical rootsg

analysis of compressors and turbines.

/ey -1
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The rotor/stator of a single-stage, or each stage
of a multi-stage compressor or turbine is analyzed as an
igsolated structure. Two new Rigid Formats (Displacement
RF 16 and Aero RF 9} have been developed, one each for the
aeroelastic steady state and the oscillatory state problems
(see Sections 3.22, 3.23, 3.:). The rotational cyclic
symmetry (see Section 1.12) inherent in these ztructurscas about
the axis of rotation has been taken into account in desianing
the capability, so that only a representative one-bhlade sector
need be idealized.

The steady aerothermoelastic analysis is based on
the theory described in Volume I of Reference 1. The computer
code of the same reference (Volume II), with minor changes,
has been adapted for NASTRAN in the functional module ALG.

The current NASTRAN Static Analysis with Differential Stiffness
Rigid Format has been accordingly modified to include the effect
of centrifugal, aerodynamic pressure and temperature loads.

The existing features of NASTRAN for Normal Modes
Analysis using Cyclic Symmetry {Section 3.16} and Modal Flutter
Analysis (Section 3.20) havebeen suitably combined for the
modal flutter and subcritical roots analysis of the axial flow
turbomachinery rotor/stator.

These developments are compatible with the general
structural capability ir NASTRAN. The structural part of the
problem is modeled as described in Section 1 of the User's
Manual. This section deals with the aerodynamic data pertaining

to the bladed disc sector. The associated aerodynamic modeling

is discussed in Section 1l.i4 .2.

1449 -2
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Section 1./4..3 describes the steady aerothermo~

elastic “design/analysis” formulations.

Section 1.4 .5 presents the modal, flutter and

subcritical roots analyses.

Sawmple problems and their solutions are presented

in Sections 1..M.4 and 1..4.6.
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1.1%.2 Aexrodvnamic Modeling

The aerodynamic model is based on a grid generated
by the intersection of a series of streamlines and “"computing

stations" (similar to potential lines) as shown in Figure 1.

‘This arrangement also facilitates the subsequent use of two-

dimensional, unsteady, subsonic and supersonic infinite cascade
theories (see Section /¥ of the Theoretical Manual) in the
flutter problem. They are used in a strip-theory manner on
the various streamlines spanning the blade.
The aerodynamic loads are assumed significanpt onmly
on the bladed portion of a bladed disc and no other part of
the structure need b@ modeled aerodynamically. The data required
to generate the aerodynamic model for the steady state aercelastic

analyses are specified on DTI bulk data cards, and are desoribed

‘in Section 1,/4.3.1 of the User's Manual. Blade streamline

data for flutﬁer and subcritical roots analyses are specified
on STREAMLi bulk data cards.

The streamlines are defined by the intersection of
the blade mean surface and a set of coaxial cylindrical (or
conical) surfaces. The axis of the cylinders (cones) coincides
with the axis of rotation of the turbomachine. The "computing
stations" lie on the blade mean surface and divide it from
the leading edge to the trailing edge. The choice of the number
and location of the streamlines and the “computing stations” is
dictated by the expected variation of the relative flow
properties across the blade span, and the complexity af the
mode shapes exhibited by this part of the structure. However,

@ minimum of three streamlines (including the blade root and

/19 -4
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the tip) and three "computing stations” (including the blade
leading edge and the trailing edge) must be specified.

The distribution of the aerodynamic parameters over
the blade is, in general, different from that of the structural
parameters such as stress, strain, etc. Accordingly, the
aerodynamic model and the structural model of the blade, in
general, may differ. The difference currently permitted in
the two models is as seen in Figure {1 wherein the aerodynamic
grid is shown to be a part of the structural grid.

The x-axjs of the BASIC coordinate system (Figure l)is chosen
to coincide with the axis of rotation and is oriented in the
direction of the flow. The locaﬁion of the origin is arhitrary.
The z-plane (BASIC) lies normal to the "mean" meridional plane
passing through the blade, with the z-axis (BASIC) directed
towards the blade. The aerodynamic grid can be specified in
any coordinate system (CP). The aerodynamic model data mainly
related to the bladed disc problems are specified on the DTI,

STREAML] and STREAML2 bulk data cards.

’d"f‘@
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1.4 .3 Steady Aerothermoelastic "Design/Analysis"

An operating point on a compressor map defincs a
distribution of centrifugal force and aerodynamic pressure and
temperature loads on the bladed-disc of the axial flow turbo-
machine. The equilibrium, deformed shape of the elastic
structure is reached at the end of a series of quasi-equilibrium
states during which the loads on the bladed-=disc and its geometric
stiffness change as a function of the deformation., The operating
point pressure ratio {(given the flow rate and the rpm), in effect,
also changes during this process.

Two different problems can thus be stated:

1. Given the desired design operating point and
the "rigid"” geometry, to determine the "as manufactured" geometry
("design" problem) that would produce the design conditions and

2, Given the "as manufactured" geometry, to detexr-
mine the performance of the flexible blade at off-design operating
points ("analysis" problem).

Rigid format Displacement 16 has been developed to
solve these "design/analysis" problems. The value of the
PARAMeter SIGN (= +1) selects the analysis or the design mode
of the rigid format. Deformation of the structure as a result
of the applied centrifugal and aerodynamic loads is used to
revise the blade geometry each time through the differential
stiffness loop of the rigid format. Because of the ncn-linear
relationship between the blade geometry and the resulting
ojerating point pressure ratio, provision is made to control
the fraction of the displacements used to redefine the blade

geometry. This is especially helpful in the solution of the

{.14-



"design" problem. The fractions of the displacements used to

redefine the blade geometry are specified via the FXCOOR, FYCOOR

and FZCONR parameters. The application of the aerodynamic i
pressure and thermal loads is controlled respectively by the
parameters APRESS and ATEMP. These parameters alsa enable the !
inclusion of the centrifugal loads alone.

The functional module ALG is used in the rigid format
before, within and after the differential stiffness loops (see
Section 4.J61) to generate the aerodynamic loads. Printed output |
from this module during these three stages can respectively be '
controlled through the use of the parameters IPRTCI, IPRTCL and
IPRTCF. This enables observation of the variation in the
aerodynamic loads as a function of the blade geometry.

GRID, CTRIAZ2 and PTRIA2 bulk data cards for the
final blade shape can be punched out using the parameter PGE@M. -
At the end of a "design" run, these define the "as manufactured"
blade shape which can subsequently be "analyzed" at selected
operating points over the compressor map. In an analysis’
run at any operating point, the total stiffness (elastic and
geometric) of the bladed~disc structure can be saved via the
parameter KT@UT for use in subsequent modal, modal flutter
and subcritical roots analyues.

The subsections 1l./4.3.1 and 1,]4.3.2 describe !
the aerodynamic Direct Table Input and the output data for ;

the steady state analyses.
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1.4 .3.1 Aerodynamic DTI Data

The input data consist of an initial indication
of the number of entries that are to be made to each of the
two program sections (analytic meanline blade section and
aerodynamic section), and chen a data-set for each entry to
e¢ach section. The data that are required for the intexrfacing
of the output from the analytic meanline blade section to
the aerodynamic section are included in the data-set for the
analytic meanline section. Because partial input to the aeroq
dynamic section is generated by execution of the analytic mean-
line section, the input for the aerodynamic section to be
supplied directly by the user varies. This is indicated in
the charts below by giving the variable name LOGS for the
file from which any data are taken that are not always
supplied directly.

LOGS is the file from which input is taken that is
generated by the analytic meanline section., When the analytic
meanline section has been directed to produce data for the
aerodynamic section for a particular computing station, LOGS
becomes an internally generated scratchfile. Otherwise, LOG5
is attached to the standard input unit and the user supplies
the data.

The following input data items must be input using
NASTRAN Direct Table Input (DTI) bulk data cards. A description
of the DTI card is in the NASTRAN User's Manuale.

The table data block name must be ALGDB. The trailer value

for Tl is the number of logical records in the DTI table, not
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counting the header record. This is the same as the maximum
value of IREC used in the table. The trailer values for T2
through T6 are all zero. Each of the following input cards
correspondg to one logical record of the DTI table.

Trailing zeroes need not be input. Data types, i.e., alpha-
numeric (BCD), real and integer, must correspond to those
specified for each data item. Data item names that hegin with
the letters I,J,K,L,M, and N are to be input as integers whi}e
all others are input as real numbers. Titles are input 3s
alphanumeric (BCD) with the restriction that only alphabetic
letters occupy the first character in each field of the DTI

card., Titles may use up to nine DTI fields.

I.l‘?'!b
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(cont.)

(cont.)

{cont.)

(cont.)

NRAD NDPTS NDATR HSWITC NLE NTE

XKSHPE SPEED

NOUT1 NOUT2 NOUT3 - Refers to leading
edge station

=
NR NTERP NMACH NLOSS NL1 Occurs This group
for each is vaed tp
NL2 NEVAL NCURVE NLITER NDEL station genagrate
within LOGS dat®
NOUT1 NOUT2 NOUT3 NBLAD blade ox | fox the
at trailing aeradynafmic
R XLOSS - Occurs NR times edge seqtion
)
RTE Occurs
NRAD
DM DVFRAC] -Occurs NDPTS times | Cimes

RDTE DELTAD AC}Occurs NDATR times

The following data~set is input to the aerodynamic
section and the last record in this set is indicated

with a double asterisk.
TITLE3
CP GASR G EJ

NSTNS NSTRMS NMAX NFORCE NBL NCASE
NSPLIT NSET1 NSET2 NREAD NPUNCH NPLOT
NPAGE NTRANS NMIX NMANY NSTPLT NEQN NLE NTE NSIGN

NWHICH - Qccurs NMANY times on the same card
G EJ SCLFAC TOLNCE VISK SHAPE

XSCALF. PSCALE RLOW PLOW XMMAX RCONST

CONTR CONMX

FLOW SPDFAC

——y

NSPEC Occurs
‘NSTNS

XSTN RSTN - Occurs NSPEC times . Times

114~
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(LOG5)
{cont.)

(cont.)
(LOGS)

(LOGS5)
(cont.)

{LOGS5)

a®

NDATA NTERP NDIMEN NMACH Inlet
condition
DATAC DATAl DATA2 DATA3 - Occurs specification

NDATA times

-}

NDATA NTERP NDIMEN NMACH NWORK

NLOSS NL1 NL2 NEVAL NCURVE NLITER

NDEL NOUT1 NOUT2 NOUT3 NBLADE ?qr
sta-
SPEED-If NDATA >0 tions
—— 2
DATAC DATALl DATAZ2 DATA3 DATA4 occurs thru
NDATA NSTNS
DATAS times

DATA6 DATA7 DATAE8 DATA9

DELC DELTA = Qccurs NDEL times

WBLOCK BBLOCK BDIST =Occurs NSTNS times

NDIF Occours
NSETI
DIFF FDHUB FDMID FDTIP =Occurs NDIFF times
times
NM NRAD Occurs

TERAD Qccurs NSET2
NRAD .
DM WFRAC ~-Occurs NM timesg_ times Tlmes‘

DELF (1) DELF (2)....DELF (NSTRMS) - if NSPLIT (6/cnr)

=1
or NREAD =1

R Y XL II JJ - QOccurs NSTRIMS times for NSTHNS stations
if NREAD = 1

119 ~13
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Data Item Defintions:

The aerodynamic section may be used with any self-
consistent unit system and, additionally, a "linear dimension
scaling factor" (SCLFAC) is incorporated into the input so that
some commonlv used but inconsistent unit sytems may be used.

This is principally intended to allow the use of inches for
physical dimensions and yet retain feet for velocities. The

basic dimensions used in the data are length (L), time (T), and
force (F). Angles are expressed in degrees (A), and temperatures on
an absolute temperature scale (D). Heat capacities (H) are also

required. Some possible unit systems are given below, tagehter with

the corresponding value of SCLFAC,

L T F D H SCLFAC
Feet Seconds Pounds Deg. Rankine BTU 1.0
Inches Seconds Pounds 'Deg. Rankine BTU 12,0
Meters Seconds Kilograms Deg., Kelvin CHU 1,0

Note that some data names are used in more than one

section; care should betaken to consult the correct sub-division

below for defintions.

a. Initial Directives
TITLEl This is a title card for the run.
NANAL Set NANAL =1
NAERO Set NAERO = 1

b. Analytic Meanline Blade Section

For a more detailed discussion of the input to

this section through item XB, see Reference and . For

this section, the dimensioned input is either in degree (A)

or in length {(L).

J.04 1%
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TITLE2

NLINES

NSTNS

NZ

NSPEC

NPOINT

NELADE

ISTAK

A title card for the analytic meanline
section of the program.

The number of stream surfaces which are
defined, and on which blade sections

will be designed. Must satisfy

2 = NLINES =21.

The number of computing stations at which
the stream surface radii are specified.
Must satisfy 3= NSTNS = 10.

The number of constant-z planes on which
manufacturing (Cartesian) coordinates

for the blade are required. Must gatisfy
3= NZ =15.

The number of radially disposed points at
which the parameters of the blade sections
are specified. Must satisfy 1= NSPEC = 21.
The number of points that will be generated
to specify the pressure and suction surfaces
of each blade section. Must satisfy

2< NPOINT < 80. Generally, no less than 30
should be used.

The number of blades in the blade row.

If ISTAK = 0, the blade will be stacked at
the leading edge.

If ISTAK = 1, the blade will be stacked at

the trailing edge.

INCRYE)
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IPUNCH

ISECN

If ISTAK = 2, the blade will be stacked at,

or offset from, the section centroid.

Set IPUNCH = 0

If ISECN = 0, the blade will be constructed

using the polynomial camber line and the

standard (i.e., double-cubic) thickness

distribution,

If ISECN = 1, the exponential camber

line and the standard thickness distribution
will be used.

If ISECN = 2, the circular arc camber line
and the double—éircular-arc thickness
distribution will be used.

If ISECN = 3, the multiple=-circular~arc
meanline and the standard thickness
distribution will be used.

IFCORD If IFCORD = 0, the ﬁeridional projection
of the stream surface blade section chords
are specified.

If IFCORD = 1, the strsam surface blade
section chords are specified.

IFPLOT Set IFPLOT = 0

IPRINT The input data is always listed bv the
program. Details of the stream surface

and manufacturing sections are printed

as prescribed by IPRINT.
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ISPLIT

INAST

IRLE

IRTE

NSIGN

If IPRINT = 0, details of the stream
surface and manufacturing sections are
printed,

If IPRINT = 1, details of stream surface
sections are printed.

If IPRINT = 2, details of manufacturing
sections are printed.

If TIPRINT = 3, details of neither stream
surface nor manufacturing sections are
printed. (The interface data for use with
the aerodynamic section of the program is
is still displayed.)

Set ISPLIT = O

Set INAST = 0. See the Output Data
description (Section ) for further
details.

The computing station number at the blade
leading edge.

The computing station number at the blade
trailing edge.

Indicator used to sign blade pressure
forces according to program sign conven-

tions. For compressor rotors, if the

machine rotates clockwise when viewed
from the front, set NSIGN to l; other-

wise, set NSIGN to -l. For compressor

stators, the two values given for NSIGN

are reversed,

Jorn=17
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LA

ZINNER,
ZOUTER

SCALE

STACKX

PLTSZE

KPTS

IFANGS

XSTA

The NZ manufacturing sections are equi-
spaced between z equals ZINNER and ZOUTER.
Set scale = 0.0.

This is the axial coordinate of the stacking
axis for the blade, relative to the same
origin as used for the station locations,
XSTA.

Set PLTSZE = 0.0.

The number of points provided to specify
the shape of a computing station.

If KPTS = 1, the computing station is
upright and linear.

If KPTS = 2, the computing station is
linear and either upright or inclined.

If KPTS >2, a spline curve is fit through
the points provided to specify the shape

of the station.

If IFANGS = 0, the calculations of the
quantities required for aerodynamic
analysis will be omitted at a particular
computing station.

If IFANGS = 1, these calculations will

be performed at that station.

An array of KPTS axial coordinates (relat:ve
to an arbitrary origin) which, toghter with
RSTA, specify the shape of a particular

computing station.
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RSTA

BLAFOR

ZR

Bl
B2

PP

An array ¢f KPTS radii which, together
with XSTA, specify the shape of a

particular computing station.

The stream surface radii at NLINES locations

at each of the NSTNS stations.

Set BLAFOR = 0.0.

The variation of properties of the stream
surface blade section is specified as a
function of stream surface number. The
various quantitites are then interpolated
(or extrapolated) at each stream surface.
The stream surfaces are numbered con-
secutively from the inner-most outward,
starting with 1.0. 2R must increase
monotonically, there being NSPEC values
in all,

The blade inlet angle.

The blade outlet angle.

If ISECN = 0, PP is the ratio of the second

derivative of the camber line at the leading

edge to its maximum value. Must satisfy

-290<PP< 1-0-

If ISECN = 1, PP is the ratio of the second

derivative of the camber line at the
leading edge to its maximum value forward
of the inflection point. Must satisfy

0.0<PP=1.,0.
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If ISECN = 2 or 3, PP is superfluous.

Q0 If ISECN = 0, QQ is the ratio of the second

derivative of the camber line at the trailing

edge to its maximum value.. Must satisfy

0.0=00 =1.0. | :
If ISECN = 1, Q0 is the ratio of the second
derivative of the camber line at the trailing i
edge to its maximum value rearward of the %
inflection point. Must satisfy 0.0<Q0.s1.0.

If ISECN = 2 or 3, QQ is superfluous.

RLE The ratio of llade leading edge radius to
chord.
T The ratio of blade maximum thickness to
chord. £<
|

TE The ratio of blade trailing edge half-
. thickness to chord.
If ISECN = 2, TE is superfluous.
/ The location of the blade maximum thickness,

as a fraction of camber line length

from the leading edge.

[ —

If ISECN = 2, 2 is superfluous,

,——

CORD If IFCORD = 0, CORD is the meridional
projection of the blade chord.

If IFCORD = 1, CORD is the blade chord.

Tl P

DELX, The stacking axis passes through the stream
DELY

o

gurface blade sections, offset from the

T B b

centroids, leading,or trailing edge by DELX
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NRAD

NDPTS

NDATR

NSWITC

NLE

NTE

XKSHPE

A

and DELY in the x and y directions
respectively.

If ISECN = 1 or 3,AS énd BS are used to
specify the locations of the inflection
peint (ac a fraction of the meridionally-
projected chord lehgth) and the change in
camber aigle from the leading edge to the
inflection point. If the absolute value
of th<e angle at the inflection point is
lacger than the absolute value of Bl,

BS should have the same sign as Bl,

otherwise, Bl and BS should be of opposite

signg,

The number of radii at which_ a distribution of the
fraction of trailing edge deviation is input. Muyt
satisfy ! s NRAD s 5.

The number of points used to define each deviation curve,
Must satisfy | = NDPTS s}1,

The number of radii at which an additional deviation angle
increm.ent and the point of maximwr camber are
specified. Must satisfy 1 s NDATR = 21,

If NSWITC = 1, the deviation correlation parameter "'m"
for the NACA (Am} meanline is used.

If NSWITC = 2, the deviation correlation parameter "m"
for double-circular-arc blades is used.

Station number at leading edae,.

Station number at trailing edge,

The blade shape correction factor in the deviation rule.
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SPEED
NR

NTERP
NMA CH
NLOSS
NL1
NLZ
NEVAL
NCURVE
NLITER
NDEL
NOUT!
NOUT2
NOUT3
NBLAD
R

XLOSS

RTE

DM

DVFRAC

RDTE

See definition for Aerodynamic Section,

The number of radii where a "loss" is input.

See definition for Aerodynamic Section.

Radius at which loss is specified,

Loss description, The form is prescribed by NLOSS;
see aerodynamic section,

Radius at blade trailing edge where the following deviation
fraction/chord curve applies,

If NRAD = 1, it has no significance. Must increase
monotonically.

The location on the meridional chord where the deviation
fraction is given. Expressed as a fraction of the
meridional chord from the leading edge. Must increase
monotenically.

Fraction of trailing -edge deviation that occurs at location
DM.

Radius at trailing edge where additional deviation and
point of maximum camber are specified,

) Iq-22
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DELTAD

AC

c.
TITLE3

CP

GASR

EJ

NSTNS

NSTRMS

NMAX

NFORCE

NBL

Additional dcviation angle added to that determined by
deviation rule. Input positive for conventionally positive
deviation for both rotors and stators,

Fraction of blade chord from leading edge where maximum
camber occurs,

Aerodynamic Section

A title card for the aerodynamic section of the program,

Specific heat at constant pressure., An input valpe of
zero will be reset to 0, 24. Units: H/F/D,

Gas constant. An input value of zero will be reset to
53,32, Units: L/SCLFAC/D.

Acceleration due to gravity, An input value of zero will
be reset to 32. 174, Units: L/SCLFAC/T/T.

Joules equivalent. An input value of zero will be reset
to 778. 16, Units: LF/SCLFAC/H,

Number cf computing stations. Must satisfy 3 s NSTNS
£ 30,

Number of streamlines. Must satisfy 3 £ NSTRMS s 21.
An inpu. value of zero will be reset to 11.

Maximum number of passes through the iterative stream-
line determination procedure. An input value of zero will
be reset to 40,

The firs* NFORCE passes are performed with arbitrary
numbers inserted should any calculation produce
impossible values. Thereafter, execution will cease,
the calculation having "failed'. An input value of zero
will be reset to 10,

If NBL, = 0, the annulus wall boundary layer blockage
allowance will be held at the values prescribed by
WBLOCK.

If NBL = 1, blockage due to annulus wall boundary layers

will be recalculated except at station]. VISK and
SHAPE are used in the calculation.
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NCASE

NSPLIT

NSET!

NSET?2

NREAD

NPUNCH
NPLOT

NPAGE

NTRANS

Set NCASE = 1.

if NSPLIT = 0, the {low distribution betwcen the stream-
lines will be determined by the program so that roughly
uniform increments of computing station will occur
between the streamlines at station !,

If NSPLIT = 1, the flow distribution between the stream-
lines is read in (see DELF}.

The blade loss coefficient re-evaluation option (specified
by NEVAL) requires loss parameter/diffusion factor

data, NSETI1 sets of data are input, the set nunbers being
allocated according to the order in which they are input.
Up to 4 sets may be input (see NDIFF),

When NLOSS = 4, the loss coefficients at the station are
determined as a fraction of the value at .he trailing cdge.
Then, NSET2 sets of curves are input to define this
fraction at a function of radius and meridional chord. Up

to 2 sets may be input (see NM).

If NREAD = 0, the initial streamline pattern estimate
is generated by the program,

If NREAD = 1, the initial streamline pattern estimate and
also the DELF values are read in. (See DELF, R, X,
XL.)})

Set NPUNCH = 0

Set NPLOT = 0

The maximum number of lines printed per page.
An input value of zero will be reset to 60.
IF NTRANS = 0, no action is taken.

If NTRANS = 1, relative total pressure loss
coefficients will be modified to account

for radial transfer of wakes. See Sectjon

V.1l1l, Ref. .

Jof 24




NMIX If NMIX 0, no action is taken.

If NMIX

1, entropy, angular momentum,
and total enthalpy distributions will
be modified to account for turbulent
mixing. See Section V.12, Ref. .

NMANY The number of computing stations for
which blade descriptive data is being

generated by the analytic meanline

section.
NSTPLT If NSTPLT = 0, no action is taken.
If NSTPLT = 1, a line-printer plot of the

changes made to the midstreamline 'fQ!

coordinate is made for each computing

station. If more than 59 passes through

the iterative procedure have been made, then

the plots will show the changes for the

last 59 passes. The graph should decay approxi-

mately exponentially towards zero, indicating

that the streamline locations are stabilizing.

Decaying oscillations are equally arceptable,

but, growing oscillations show the need for

heavier damping in the streamline relocation

calculations, that is, a decrease in RCONST.
NEQN This item controls the selection of the

form of momentum equation that will be used

to compute the meridional velogity distri-

butions at each computing station, There are

'l"""‘s
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two basic forms, and for each case, one

may select not to compute the terms

relating to blade forces. (See also

Section V. 1, Ref, 0.

If NEON = 0, the momentum équation involves
the differential form of the continuity
equations and hence (l-Mﬁ ) terms in the
denominator. Streamwise gradients of
entropy and angular momentum (blade forces)
are computed within blades and at the blade
edges (provided data that describe the

blades are given). Elsewhere, streamwise
entropy gradients only are included in a
simpler form of the momentum equation,
except that at the first and last computing
station, all streamwise gradients are taken
to be zero. This is generally the preferred
option when computing stations are located
within the Llade rows.

If NEQON = 1, the momentum equation form is
similar to that used when NEQON = (, but
angular momentum gradients (blade force
terms) are nowhere computed. This generally
is the preferred option when computing
stations are located at the blade edges only.

If NEQON = 2, the momentum equation includes

an explicit dvm/dm term instead of the (1—M$ )

'!' "‘ "LQ
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TOLNCE
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denonminator terms. All streamwise

gradients (including blade force terms)

are computed as for the case NEQN = 0,

When computing stations are lacated within
the blade rows, the résults will génerally

be similar to those obtained with NEQN = §,
and solutions may be found that cannot be
computed with NEON = 0 due to high meridional
Mach numbers.,

If NEQN = 3, the momentum equation is similar
to that used when NEQN = 1, but (as for the
case NEON = 1) no angular momentum gradients
are computed. This may be used when computing
stations are located only at the blade edges
and high meridional Mach numbers preclude the

use of NEON = 1,
See the Analytic Section.

The numbers of each of the computing stations
for which blade descriptive data is being
generated by the analytic meanline section.
Linear dimension scale factor , see page

An input valuz of zexro will be reset to

12.0.

Basic tolerance in iterative calculation
scheme. An input value of zero will be

reset to 0.001. (See discussion of

tolerance scheme in Section VI, Ref. . )
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VISK Kinematic viscosity of gas (for annulus
wall boundary layer calculations). An input
value of zero will be reset to 0.00018.
Units: LL/SCLFAC/SCLFAC/T.

SHAPE Shape factor for annulus wall boundary
layer calculations. An input value of

zero will bhe reset to 0.7.

XSCALE |

PSCALE

RLOW Set each equal to 0.0.

PLOW _|

XMMAX The square of the Mach number that appears

in the equation for the streamline relocation
relaxation factor is limited to be not greater
than XMMAX. Thus, at computing stations where
the appropriate Mach number is high enough

for the limit to be imposed, a decrease in
XMMAX corresponds to an increase in damping.
If a value of zero is input, it is reset

to 0.6.

RCONST The constant in the equation for the streamline relocation
relaxation factor. The value of 8.0 that the analysis vields
is often too high for stability. If zero is input, it is reset
to 6.0,

CONTR The constant in the blade wake radial transfer calculations.

CONMX The eddy viscosity for the turbulent mixing calculations,

Units: L%/SCLFAC%/T,
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FLOW

SPDFAC

NSPEC

XSTN, RSTN

NDATA

NTERP

NDIMEN

NMA CH

DATAC

Compressor {low rate, Units: F/T.

The speed of rotation of each computing station is SPDFAC
times SPEED (I). The units for the product are revolutions/
(60xT).

The number of points used to define a computing siation,
Must satisfy 2 s NSPEC < 2], and also the sum of NSPEC
for all stations = 150, If 2 points are used, the station is
a straight line., Otherwise, a spline-curve is fitfed
through the given points.

The axial and radial coordinates, respectively, of a point
defining a computing station, The first point must be on
the hub and the last point must be on the casing. Units: L,

Number of points defining conditions or blade geometry at
a comnputing station. Must satisfy 0 s NDATA 521, and
also the sum of NDATA for all stations s 100,

If NTERP = 0, and NDATA 2> 3, interpolation of the data
at the station is by spline-fit,

If NTERP = ] (or NDATA < 2), interpolation is linear
point-to-point.

If NDIMEN = 0, the data are input as a function of radius,

If NDIMEN = 1, the data are input as a function of radius
normalized with respecct to tip radius.

If NDIMEN = 2, the data are input as a function of distance
along the computing station {rom the hub.

If NDIMEN = 3, the data are input as a function of
distance along the computing station normialized with
respect to the total computing station length,

If NMACH = 0, the subsonic solution to the continuity
equation is sought.

If NMACH = 1, the supersonic solution to the cantinuity
equation is sought, This should only be used at stations
where the relative flow angle is specified, that is,
NWORK =5, 6, or 7.

The coordinate on the computing station, defined according
to NDIMEN, where the following data items apply. Must
increase monotonically, For dimensional cases, units are

L.
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DATAL

DATAZ

At Station 1 and if NWORK = 1, DATAl is

total pre:sure. Units: F/L/L.

If NWORK = 0 and the station is at a blade
leading edge, by setting NDATA # 0, the blade
leading edge may be described. Then DATAL is
the blade angle measured in the cylindrical
plane. Generally negative for a rotor,
positive for a stator. (Define the blade
lean angle (DATA3)also). Units: A.

If NWORK = 2, DATAl is total enthalpy.

Units: H/F.

If NWORK = 3, DATA! is angular momentum (radius times
absolute whirl velocity). Units: LL/SCLFAC/T.

If NWORK = 4, DATAI is absolute whirl velocity, Units:
L/SCLFAC/T. A

If NWORK = 5, DATAI is blade angle measured in the
streamsurface plane. Generally negative for a rotor.
positive for a stator. If zero deviation is input, it'becomes
the relative flow angle. Units: A.

If NWORK = 6, DATA1 is the blade angle measured in the

cylindrical plane, Generally negative for a rotor, positive
for a stator. If zero deviation is input, it becomes, after
correction for streamsurface orientation and station lean

angle, the relative flow angle. Units: A,

I NWORK =7, DATA] is the reference relative outlet
flow angle measured in the streamsurface plane. Generally
negative for a rotor, positive for a stator, Units: A,

At Station !, DATAZ2 is total temperature. Units: D.

If NLCGSS = 1, DATA2 is the relative total pressure loss
coefficient. The relative total pressure loss is measured
from the station that is NL) stations removed from the
current station, NL1 being negative to indicate an

upstream station. The relative dynamic head is determinced
Ni.2 stations removed from the current station, positive

for a downstream station, negative for an ypstream station,

.14-30
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DATA3

DATA4

DATAS

DATAG6

DATA7T

DATAS

If NLOSS = 2, DATA2 js the isentropig efficiency of
compression relative to conditions NL1 stations remgved,
NL! being negative to indicate an upstream station.

If NLOSS = 3, DATAZ is the entropy rise relative to the
value NL! stations removed, NLI being negative t0
indicate an upstream station. Units: H/F/D.

If NLOSS = 4, DATA2 is not used, but a relatjve total
pressure loss coefficient is determined from the :railing
edge value and curve set number NCURVE of the NSET:
families of curves, NLI and NL2 apply as for NLOSS8 = 1.

If NWORK = 7, DATA 2 is the reference {minimun)
relative total pressure loss coefficient, NLI and NL2
apply as for NLOSS = 1.

"The blade lean 3T.gle indasured trom the projection of 2

radial line in the planc of the coniputing station, ppsitive
when the innermost portion of the blade precedes the
outermost in the direction of rotor rotation. Units: A.

The fraction of the periphery that is blocked by the presence
of the blades,

Cascade solidity. When a number of stations are ysed to
describe the flow through a blade, values are only required
at the trailing edge. (They are used in thx loss coefficient
re-estimation procedure, and to evaluate diffusion factors
for the output.)

If NWORK = 5o0r 6, DATA®b is the deviation angle
measured in the streamsurface plane. Generally r.xegative
for a rotor, positive for a stator. Units; A. |

If NWORK = 7, DATAG is reference relative jnlet angle,
to which the minimum loss coefficient (DATA2) and the
reference relative outlet angle (DA TA7) correspond,
Measured in the streamsurface plane and generally
negative for a rotor, positive for a stator, Units: A,

If NWORK = 7, DATA7 is the rate of change of relative
outlet angle with relative inlet angle,

If NWORK = 7, DATAS is the relative inlet angle larger
than the reference value at which the loss coefficient attains

twice its reference value. Measured in the strean; surface
plane. Units; A,

’-i‘f '? '

N A

Ty it T Ve L LTS LLERR L a Db ottt



5
= b

A rrarorrn i

P ey

DATA9

NWORK

NLQOSS

If NWORK = 7, DATA9 is the relative inlet angle smaller
than the reference value at which the loss coefficient attains
twice its reference value. Measured in the streamsurface
plane. Units: A,

If NWORK = 0, constant entropy, angular momentum, and
total enthalpy exist along stream!lines from the previous
station, (If NMIX = 1, the distributions will be modified,)

If NWORK = 1, the total pressure distribution at the com-
puting station is specified, Use for rotors only. |

If NWORK = 2, the total enthalpy distribution at the com -~
puting station is gpecified. Use for rotors only.

If NWORK = 3, the absolute angular momentum distribution
at the computing station is specified.

If NWORK = 4, the absolute whirl velocity distribution at
the computing station is specified.

If NWORK = 5, the relative flow angle distribution at the
station is specified by giving blade angles and deviation
angles, both measured in the streamsurface plane,

If NWORK = 6, the relative flow angle distribution at the
station is specified by giving the blade angles measured

in the cylindrical plane, and the deviation angles measured
in the streamsurface plane,

If NWORK = 7, the relative flow angle and relative total
pressure loss coefficient distributions are specified by
means of an off-design analysis procedure. ''Reference',
"gtalling', and "choking' relative inlet angles are
specified. The minimum loss coefficient varies para-
bolically with the relative inlet angle so that it is twice
the minimum value at the '""stalling' or '"'choking' values.
A maximum value of 0.5 is imposed. '"Reference"
relative outlet angles and the rate of change of outlet
angle with inlet angle are specified, and the relative
outlet angle varies linearly from the reference value

with the relative inlet angle, NLOSS should be set to zero.

If NLOSS = 1, the relative total pressure loss coefficient
distribution is specified,

If NL.OSS = 2, the iscniropic efficiency {for compression)
distribution is specified.

1f NLOSS = 3, the entropy rise distribution is specificd,

JH-12

s o m e

s

T M e

i



NL1

NLZ2

NEVAL

NCURVE

1f NLOSS = 4, the total pressure loss coefficient distribution
is specified by use of curve-set NCURVE of the NSET2
families of curves giving the fraction of {inal (trailing

edge) loss coecfficient,

The station from which the loss(in whatever form NLQSS
specifies) i5 measured, is NL1 stations removed {yom the
station being evaluated, NLI is negativg to indicate an
upstrearn station.

When a relative total pressure loss coefficient is ysed to
specify losses, the relative dynamic head is taken NL2
stations removed from the station being evaluated. NL2
may be positive, zero, or negative; a positive value
indicates a downstream station, a negative value indicates
an upstream station,

-

it

If NEVAL = 0, no action is taken.

If NEVAL >0, curve-set nuriber NEVAL of the NSET!
families of curve giving diffusion loss parameter as a
function of diffusion factor will be used to re-estimate
the relative total pressure loss coefficient, NLOSS must
be 1, and NL1 and NL2 must specify the leading edge of
the blade. See also NDEL.

If NEVAL 0, curve-set number NEVAL is used as
NAVAL 0, except that the re-estimation is only
made after the overall computation is completed
(with the input losses). The resulting loss

coefficients are displayed but not incorporated

into the overall calculation. See also NDEL.

When NLOSS = 4, curve-set NCURVE of the NSET2
families of curves, specifying the fraction of
trailing-edge ;pss coefficient as a function

of meridional chord is used.
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NLITER

NDEL

NOUT1
NOUTZ2

NOUT3

When NEVAL > 0, up to NLITER re-estimations
of the loss coefficient will be made at a
given station during any one pass through
the overall iterative procedure. Less than
NLITER re-estimations will be made if the
velocity profile is unchanged hy re-estimat-
ing the loss coefficients. (See disecuysgsion
of tolerance scheme in Section VI, Ref o)
When NEVAL = 0, set NDEL to 0. When

NEVAL # 0, and NDEL >0, a component of the
re~estimated loss coefficient is a shock
loss. The relative inlet Mach number is
expanded (or compressed) through a
Prandtl-Meyer expansion on the suction
surface, and NDEL is the number of points
at which the Prandtl-Meyer angle is given.
If NDEL = 0, the shock loss is set at zero.
Must satisfy 0< NDEL £ 21, and also the sum
of NDEL for all stations ¢100.

Set NOUT1 0

Set NOUT2 0

This data item controls the generation of
NASTRAN - compatible temperature ang
pressure difference output for use in
subgsequent blade stress analyses. For
details of the triangular mesh that is

used, see the Output Description in

Section
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NOUT3 = XY, where

If X = 1, the station is at a blade
leading edge.

If X = 2, the station is at a blade
trailing edge.

If ¥ = 0, then both temperature and
pressure data will be generated.

If ¥ = 1, then only pressure data will
be generated,

If Y = 2, then only temperature data
will be generated.

If NOUT3 = 0, the station may be between
blade rows, or within a blade row for
which output is required, depending upon
the use of NOUT3 # 0 elsewhere. See

also description of NBLADE below.

NBLADE This item is used in determining the
pressure difference across the blade. The
number of blades is | NBLADE | . If NBLADE
is positive, "three-point averaging" is
used to determine the pressure difference
across each blade element. If NBLADE is
negative, "four point averaging" is used.
(See the Output Description in Section I1M.31,)
If NBLADE is input as zera, a value of +10
is used, At a leading edge, the value for
the following station is used: elsewhere the

value at a station applies to the interval
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upstream of the station. Thus by varying
the sign of NBLADE, the averaging method
used for the pressure forces may be varied
for different axial segments of a blade
row. |

SPEED This card is omitted if NDATA = 0. The
speed of rotation of the blade. At a blade
leading edge, it should be set to zero.
The produci SPDFAC times SPEED has units of
revolutions/ (T x 60).

DEL® The coordinate at which Prandtl=Meyer
exparsion angles are given. It defines
the angle as a function of the dimensions
of the leading edge station, in the manner
specified by NDIMEN for the current, that
is trailing edge station., Must increase
monotonically. For dimensional cases,

units are L.

DELTA The Prandtl-Meyer expansion angles. A positive value
implies expansion. If blade angles are given at the leading
edge, the incidence angles are added to the value specilie:}
by DELTA. Units: A, (Blade angles are measured in
the cylindrical plane,) :

WBLOCK A blockage factor that is incorporated into the continuity
equation to account for annulus wall boundary layers. It
is expressed as the fraction of total area at the computing
station that is blocked. If NBL = 1, values (except at
Statinn 1) are revised during computation, involving data
items VISK and SHAPE,




yiyrn ¥

BBLOCK,
BDIST

NDIFF

DIFF

FDHUB

FDMID

FDTIP

NM

NRAD

TERAD

DM

A blockage factor is incorporated into the continuity
equation that may be used to account for blade wakes or
other cffects. It varies linearly with distance along the
computing station. EBLOCK is the value at mid-station
(expressed as the fraction of the periphery blocked), and
BDIST is the ratio of the value on the hub to the mid-
value,

When NSETI> 0, there are NDIFF pojnts defining loss
diffusion parameter as a function of diffusion factor,
Must satisfy 1 £ NDIFF < 15,

The diffusion factor at which loss parameters are specified,
Must increase monotonically,

Diffusion loss parameter at 10 per cent of the radial blade
height,

Diffusion loss parameter at 50 per cent of the radial blade
height.

Diffusion loss parameter at 90! per cent of the radial blade
height,

When NSET2> 0, there are NM points defining the fraction
of trailing edge loss coefficient as a functipn of meridional
chord. Must satisfy 1 = NM = 11,

The number of radial locations where NM loss {raction/
chord points are given. Must satisfy | s NRAD s 5,

The fraction of radial blade height at the
trailing edge where the following loss fraction/
chord curve applies. If NRAD = 1, it has no
significance.

The location on the meridional chord where

the loss fraction is given. Expressed as a
fraction of meridional chord from the leading
edge. Must increase monotonically.

Fraction of trailing edge loss coefficient

that occurs at location DM.
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The fraction of the total flow that is to
occur between the hub and each streamline.
The hub and casing -~vre included, so that
the first value must .2 0.0, and the last
(NSTRM) value must be 1.0,

Estimated streamline radius. (These data
are input from hub to tip for the first
station, from hub to tip for the second
station, and so on.) Units: L.

Estimated axial coordinat-. at intersection
of streamline with computing station,
Units: L.

Estimated distance along computing statiqn
from hub to intersection of streamline
with computing station. Units: L.

Station and streamline number. These

are merely read in and printed out to

give a check on the order of the cards.
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l.#.3.2 ACRODYNAMIC OUTPUT DATA

1. ANALYTIC MEANLINE SECTION

Printed output may be considered to consist of four segtions; a print-
out of the input data, details of the blade sections on each streamsurface, a

~ listing of quantities requir«d for aerodynamic analysis, and details of the

manufacturing sections determined on the constant-z planes. These are
briefly described below, In the explanation which follows, parenthetical
statements are understood to refer to the particular case of the double-
circular-arc blade (ISECN = 2), -

The input data printout includes all quantities read in, and is self-
explanatory,

Details of the streamsurface blade sections are printed if IPRINT =
0 or 1. Llisted first are the parameters defining the blade section. These
are interpolated at the streamsurface from the tables read in, Then follow

details of the blade section in '"normalized"” form. The blade section geometry

is given for the section specified, except that the meridional projection of
the chord is unity. For this section of the output, the coordinate origin is
the blade leading edge. The following quantities are given: blade chord;
stagger angle; camber angle; section area; location of the cent.oid of the
section; second moments of area of the section about the centroid; crienta-
tion of the principal axes; and the principal second moments of area of the
section about the centroid, Then are listed the coordinates of the caniber
line, the camber line angle, the section thickness, and the coordinates of
the blade surfaces, NPOINT values are given.

A lineprinter plot of the normalized section follows. The scales for
the plot are arranged so that the section just fills the page, so that the
scales will generally differ from one plot to another, '"Dimensional' details
of the blade section are given next. The normalized data given previously is
scaled to give a blade section as defined by IFCORD and CORD, For this
section of the output, the coordinates are with respect to the blade stacking
axis. The following quantities are given: blade chord; radius and location
of center of leading (and trailing} edge(s); section area, the second moments
of area of the section about the centroid and the principal second moments
of area of the section about the centroid, The coordinates of NPOINT puints
on the blade surfaces are then listed, followed by the coordinates of 31
points distributed at (roughly} six degrce intervals around the leading (and
trailing) edges. Finally, the coordinates of the blade surfaces and points
around the leading (and trailing) edge(s) is (are) shown in Cartesian form,
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The quantities required for aerodynamic analysis are printed at all
computing stations specificd by the IFANGS parameter. The radius, blade
scction angle, blade lean angle, blade blockage, and relative angular
location of the camber line are printed at each streamsurface intersection
with the particular computing station. The blade section angle is measured
in the cylindrical plane, and the blade lean angle is measured in the constant-
axial -coordinate plane.

Details of the manufacturing sections are printed if IPRINT = 0 or 2.
At each value of z specified by ZINNER, ZOUTER, and NZ, secction
properties and coordinates are given. The origin for the coordinates is the
blade stacking axis. The following quantities are given: section area; the
location of the centroid of the section; the second moments of area of the
section about the centroid; the principal second moments of area of the
section about the centroid; the orientation of the principal axes; and the
section torsional constant, Then the coordinates of NPOINT peoints on the
blade section surfaces are listed, followed by 31 points around the leading
(and trailing) edge(s).

If NAERO = 1, the additional input and output required for, and
generated by, the interface are also printed. (Apart from the input data
printout, this is the only printed output when IPRINT = 3.)

If the NASTRAN parameter PGEOM # =1 then cards are punched
that may be usefl as input for the NASTRAN stress analysis program.
For the purpose of stress analysis, the blade is divided into a
number of triangular elements, each defined by three grid points.
The intersections between computing stations and streamsurfaces

are used as the grid points and the grid points and element number-

ing scheme adopted is illustrated in Figure 1.

TheNASTRAN input data format includes cards identified by
the codes GRID, CTRIA2 and PTRIAZ2. The data are fully described
in Reference 7, but briefly, the GRID cards each define a grid
point number and give the coordinates at the grid point, the
CTRIZZ cards each define an element in terms of the three
appropriate grid points (by number, and in a significant order),
the PTRIAZ cards each give an average bhlade thickness for an

element.
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ELEMENT 3
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Figure 1. NASTRAN Grid Point and Element Numbering
Scheme,

2. AERODYNAMIC SECTION
a. Regular Printed Output

The input data are first printed out in its entirety, and the results
for each running point follow. The output is generally self-explanatory and
definitions are given here for some derived quantities. Tabular output is

é generally not started on a page unless it can be completed on the same page,
: according to the maximum number of lines permitted by the input variable

NPAGE.

The results of each running point are given under a heading
giving the running point number. Any diagnostics generated during the
calculation will appear first under the heading. (Diagnostics are described
in the following section.) Then, a station-by-station print out follows for
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each station through to the last station, or to the station where the calcu-
lation failed, if this occurred. One or more diagnostics will indicate the
reason for the failure, in this event, Included in the meshpoint coordinate
data is the distance along the computing station from the hub to the inter-
ception of the streamiline with the station {L), and the station lean angle
(GAMA). Where the radius of curvature of a streamline is shown as zero,
the streamline has no curvature. The whixl angle is defined by

+GV\O< == yﬁ (1)

Vim

For stations within a blade, or at a blade trailing edge, a rel-
ative total pressure loss coefficient is shown, The loss of relative total
pressure is computed from the station defined by the input variable NL1. If
a loss coefficient was used in the input for the station (NLOSS = 1 or 4, or
NWORK = 7), the input variable NL2 defines the station where the normalizing
relative dynamic head is taken; otherwise, it is taken at the station definecd
by NL1. If the cascade sclidity is given as anything but zero, it is used in
the determination of diffusion factors. The following definition is used:

V&r Valr V@;V-
b = 1= \7;_,, * 2o Vn,

(2)

Inlet conditions (subscript 1) are taken from the station
defined by the input variable NL1,

The last term in Equation 2 is multiplied by -1 if the blade
speed is greater than zero, or the blade spced is zero and the preceding
rotating blade row has negative rotation. This is necessary because
relative whirl angles are (generally) negative for rotor blades and for
stator blades that follow a rotor having ""negative' wheel speed. Incidence
and deviation angles are treated in the same way, so that positive and
negative values have their conventional significance for all blades,

If annulus wall boundary layer computations were made (NBL
= 1), details are shown for each station. Then, an overall result is given,
including a statement of the number of passes that have been performed and
whether the calculation is converged, unconverged, or failed, When the
caleculation is unconverged, the number of mesh_paints where the meridional
velocity component has not remained constant to within the specified

1441




tolerance (TOLNCE) on the last two passes is shown as IVFAIL.
Similarily, the number of streamtubes, defined by the hub and
each streamline in turn, where the fraction of the flow is not
within the same tolerance of the target value is shown as
IFFAIL. If these numbers are small, say less than 10% of the
maximum possible values, the results may generally be used.
Otherwise, the computation should be rerun, either for a
greater number of passes, or with modified relaxation factor
constants. The default option relaxation constants will
generally be satisfactory but may need modification for some
cases. If insufficient damping is specified by the constants,
the streamlines generated will tend to oscillate and this
may be detected by observing a relatively small radius of
curvature for the mid-passage streamline that also changes
sign from one station to the next. This may be corrected by
rerunning the problem (from scratch) with a lower value input
for RCONST, say, of 4.0 instead of 6.0. When the damping is
excessive, the velocities will tend to remain constant while
the streamlines will not adjust rapidly to the correct locations.
This will be indicated by a small IVFAIL and a relatively large
IFFAIL. For optimum program performance, RCONST should be
increased, and the streamline pattern generated thus far could
be used as a starting point. The second constant XMMAX (the
maximum value of the square of Mach number used in the relaxation
factor) is incorporated so that in high subsonic or supersonic
cases the damping does not decrease unacceptably. The default
value of 0.6 may be. tco low for rapid program convergence in
some such cases.

If the generation of blade pressure load data for the
NASTRAN program is specified (by the input variable NOUT3), a
self-explanatory printout is also made. The blade element
numbering scheme is the same as that incorporated into both
bladirg sections of the program, and illustrated in Figure 1.
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If the loss coefficient re-estimation routine has been used for
any bladerow(s) (NEVAL # 0), a printout swunmarizing the computations
made will follow, A heading indicating whether the re-estimation was
incorporated into the overall iterative procedure or whether it was merely
made "after the event' is first printed. Then follows a self-explanatory
tabulation of various quantities involved in the redetermination of the loss
coefficient on each streamline.

b. Diagnostic Printed Qutput

The various diagnostic messages that may be produced by tha
aerodynamic section of the program are all shown. Where a computed value
will occur, "x" is shown here,

JOB STOPPED - TOO MUCH INPUT DATA

The above message will occur if the sumi of NSPEC or NDATA
or NDEL for all stations is above the permitted limit, Execution ceases,

STATIC ENTHALPY BELOW LIMIT AT xxx. xxxxxExxx

The output routine (subroutine UDO03!l) calculates static
enthalpy at each meshpoint when computing the various output parameters and
this message will occur if a value below the limit (HMIN) occurs. The limiting
value will be used, and the results printed become correspondingly arhitrary.
HMMIN is set in the Programm UDO03AR and should be maintained at some
positive value well below any value that will be validly encountered in
calculation,

PASSxxx STATIONxxx STREAMLINExxx PRANDTL-MEYER
FUNCTION NOT CONVERGED - USE INLET MACH NO

The loss coefficient re-estimation procedure involves iteratively
solving for the Mach number in the Prandtl-Meyer function, If the calculation
does not converge in 20 attemipts, the above message is printed, and as
indicated, the Mach number following the expansion {or compression) is
assumed to equal the inlet value. {The routine only prints output following
the completion of all computations and printing of the station-by-station
output data.) '

PASSxxx STATICNxxx ITERATIONxxx STREAMLINExxs:
MERIDIONAL VELOCITY UNCONVERGED VM = xx. xxxxxxExx
VM(OLD) = 3, sooexxxExx

P04=Yy
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For "analysis' cases, that is at stations where relative flow
angle is specified, the calculatiun of meridional velocity proceeds
iteratively at each meshpoint from the :nid-streamline to the case and then
to the hub, The variable LPMAX (set to 10 in Subroutines UD0308 and
UD0326) limits the maximum number of iterations that may be made at a
streamline without the velocity being converged before the calculation
proceeds to the next streamline, The above message will occur if all iter-
ations are used without achieving convergence, and the pass number is
greater than NFORCE. Convergence is here defined as ocvurring when the
velocity repeats to within TOLNCE/5. 0, applied nondimensionally. No
other program action occurs,

PASSxxx STATIONxxx MOMENTUM AND/OR CONTINUITY
UNCONVERGED W/W SPEC = xx. xxxxx VM/VM {(OLD) HUB =
2%, w0eMID=xx, xxxoe TIP = e, xxxxx

If,following completion of all ITMAX iterations permitted
for the flow rate or meridional velocity, the simultaneous scolution of the
momentum and continuity equaticns profile is unconverged, and the pass
number is greater than NFORCE, the above message occurs, Here con-
verged means that the flow rate equals the specified value, and the
mevridional velocity repeats, to within TOLNCE/5. 0, applied nondimension-
ally, If loss coefficient re-estimation is specified (NEVAL > 0), an
additional iteration is involved, and the tolerance is halved. WNo further
program action occurs,

PASSxxx STATIONxxx VM PROFILE NOT CONVERGED WITH
LOSS RECALC VM NEW/VM PRLEV HUB = xx. xxxxxx MID =
%xx, xxxxxnx CASE = xx, xuXxxx

When loss re-estimation is specified (NEVAL> 0), up to
NLITER solutions to the momentum and continuity equations are completed,
each with a revised loss coefficient variation, 1f, when the pass number is
greater than NFORCE, the velocity profile is not converged after the
NLITER cycles of calculation have been performed, the above message is
issued, For convergence, the meridional velocities must repeat to within

TOLNCE/5.0, applied nondimensionally, No further program action occurs,

A further check on the convergence of this procedure is to
compare the loss coefficients used on the final pass of calculation, and thus
shown in the station-by-station results, with those shown in the output from
the loss coeflicient re-estimation routine, which are computed from the
final velocities, etc.
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PASSxxx STATIONxxx ITERATIONxxx STREAMTUBExxx STATIC
ENTHALPY BELOW LIMIT IN MOMENTUM EQUATION AT
. XXxoexExase

The static enthalpy is calculated (to find the static temperature)
during computation of the '"design' case momentun equation, that js, when
whirl velocity is specified. If a value lcwer than HMIN (see discussion of
second diagnostic message) is produced, the limiting value is inserted. [f
this occurs when IPASS > NFORCE, the above message is printed, If this
occurs on the final iteration, the calculation is deemed to have failed,
calculation ceases, and results are printed out through to this station,

PASSxxx STATIONxxx ITERATIONxxx STREAMTUBExxx LOOPxxx
STATIC HIN MOMENTUM EQUN, BELOW LIMIT AT xxx, xxxxxExxx

This corresponds to the previous message, but for the
""analysis'' case. For failure, it must occur on the final iteration and loop.

PASSxxx STATIONxxx ITERATIONxxx STREAMTUBExxx
MERIDIONAL MACH NUMBER ABCVE LIMIT AT xxx. xxxexeExx

When Subroutine UD0308 is selected (NEQN = 0 or 1}, the
meridional Mach number is calculated during computation of the design
momentun: equation, and a maximum value of 0. 99 is permitted, Ifa
higher value is calculated, the limiting value is iaserted. If this occurs
when [PASS > NFORCE, the above message is printed. If this occurs on
the final iteration, the calculation is deemed to have failed, calculation
ceases, and results are printed through to this station.

PASSxxx STATIONxxx ITERATIONxxx STREAMTUBExxx LOOPxxx
MERIDIONAL MACH NUMBER ABOVE LIMIT AT xxx. XXXxXXF XXX

This corresponds to the previous message, but for the '"analysis"
case, For failure, it must occur at the final iteration and loop.

PASSxxx STATIONxxx ITERATICNxxx STREAMTUBExxx
MCMENTUM EQUATION EXPONENT ABOVE LIMIT AT xxx, xxxxxExxx

An exprrentiation is performed during the computation of the
design case momentwm equation, and the maximum value of the gexponent is
limiited to 88.0, If this substitution is required when IPASS > NFORCE,
the above message is printed. If it occurs on the final iteration, the caley-
lation is deen:ed to have failed, calculation ceases, and results are priﬁted
through to this station.
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PASSxxx STATIONxxx ITERATIONSxxx STREAMLINExxx
(MERIDIONAL VELOCITY} SQUARED BELOW LIMIT AT
xxX. xxxxxExxx,

If a meridional velocity, squared, of less than 1.0 is calcu-
lated during computation of the design-case momentum equation, this limit
is imposed. If this occurs when IPASS>NFORCE, the abive message 15
printed. If this occurs on the final iteration, the calculation is deem.ed to
have failed, calculation ceases, and results are printed out through to this

station,

PASSxxx STATIONxxx ITERATIONxxx STREAMLINExxx LOOPxxx
(MERIDIONAL VELOCITY) SQUARED BELOW LIMITAT
XXX, XxxxxExxx.

This corresponds to the previous message, but for the
"analysis' case. For failure, it must occur on the last iteration and loop,.

PASSxxx STATICNxxx [ITERATIONxxx STREAMTUBExxx
STATIC ENTHALPY BELOW LIMIT IN CONTINUITY EQUATIUN
AT xxx, xxxxxExxx.

The static enthalpy is calculated during computation of the
continuity equation. If a value lower than HMIN (see discussion of second
diagnostic message) is produced, the limiting value is imposed. If this
occurs when IPASS>NFORCE, the above message is printed. [f this
occurs on the final iteration, the calculation is decmed to have failed,
calculation ceases, and results are printed out through to this station.

PASSxxx STATIONxx ITERATIONxxx STREAMLINExxxX
MERIDIONAL VELOCITY BELOW LIMIT IN CONTINUITY AT

XXX, xxxxxExxx,

If 2 meridional velocity of less than 1.0 is calculated when the
velocity profile is incremented by the anount estin.ated to be requirced to
satisfy continuity, this limit is imposed, If this occurs when [PASS >
NFORCE, the above message is printed. If this occurs on the final iteration,
the calculation is deemed to have failed, calculation ceases, and results are
printed through to this station,

PASSxxx STATIONxxx ITERATIONxxx OQTHER CONTINUITY
EQUATION BRANCH REQUIRED

If when IPASS>NFORCE, a velocity profile is produced that
corresponds to a subsonic solution to the continuity equation when a super-
sonic solution is required, or vice versa, the above message is printed., If
this occurs on the final iteration, failure is deemed to have vccurred, calcu-
lation ceases, and results are printed out through to this station.
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PASSxxx STATIONxxx ITERATIONxxx STREAMLINExxx
MERIDIONAL VELOCITY GREATER THAN TWICE MID VALUE,

During integration of the '"design'* momentum equations,
no meridional velocity is permitted to be greater than twice the value on
the mid-streamline, If this occurs when [IPASS=sNFORGE, the above
message is printed. If this occurs on the final iteration, the calculation
is deemed to have failed, calculation ceases, and results are primted
through to this station. In the event that this limit interferes with 3 valid
velocity profile, the constants that appear on cards $08%.272, $088. 279,
$26$. 229, and $268%. 236 may be modified accordingly. Note that as the
calculation is at this point working with the square of ithe meridional
velocity, the constant for a lunit of 2. 0 times the mid-streamline value,
for instance, appears as 4.0,

PASSxxx STATIONxxx [TERATIONxxx STREAMLINExxx
LOOPxxx MERIDIONAL VELOCITY ABOVE LIMIT xxxxxExx
LIMIT = zxxxxxExx,

During integration of the "analysis' momentum equations, no
meridional velocity is permitted to be greater than three times the value
on the mid-streamline. If this occurs when [IPASS>NFORCE, the above
message is printed. If this occurs on the final loop of the final iteration,
the calculation is deemed to have failed, calculation ceases, and results
are printed through to this station. In the event that the limit interferes
with a valid velocity profile, the constants that appear on cards
$085.398, $08%.409, $26%$.323, $26%.334, and $26%$.329 may be modified
accordingly. In each case except that of the last card noted, the program
is working with meridional velocity squared, so that a limit of, for instance,
3.0 times the mid-streamline value appears as 9. 0.

PASSxxx STATIONxxx STREAMLINExxx LIMITING MERIDIONAL
VELOCITY SQUARED = xxxxExx,

In the Subroutine UD0308 (NEQN= 0 or 1), a maximuwn
permissable meridional velocity (equal to the speed of sound) is established
for each streamline at the beginning of each pass. The caleylation yields
the square of the velocity, and if a value of less than 1.0 is obtained, a
value of 6250000.0 is superimposed (which corresponds to a meridjonal
velocity of 2500.0). If this'occurs when IPASS>NFORCE, the above message
is printed, and the calculation is deemed to have failed, Calculation ceases
after the station computaticns are made, and results are printed through

to this station.,
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PASSxxx STATIONxxx ITERATIONxxx STREAMLINExxx
MERIDIONAL VELOCITY ARBOVE SOUND SPEED VM =
XXXX, XX A = xXXX, XX,

In Subroutine UD0308 (NEQN = 0 or 1), no mieridional velocity
is permitted to be larger than the speed of sound. The above mesgsage will
occur if this limit is violated during integration of the 'design' momentum
when IPASS > NFORCE. If the limit is violated at any point when [PASS >
NFORCE and on the last permitted iteration (last permitted loop also in
the case of the ""analysis' momentwn equation), the calculation js deemed
to have failed. Calculation ceases, and the results are printed through %o
this station. '

MIXING CALCULATION FAILURE . NO. n

The above message occurs when flow mizing calculations are |
specified, and the computation fails. The overall calculation is halted, and '
results are printed through to the station that is the upstream boundary for ‘
the mixing interval in which the failure occurred. The integer n takes on
different values to indicate the specific problems as follows., -

n=1 In solving for the static pressure distribution at the upstream
boundary of each mixing step, the average static enthalpy i3 ;
determined in each streamtube (defined by an adjacent pair :
of streamlines). This failure indicates that a value less than
HMIN was determined,

n=2 Calculation of the static pressure distribution at the upstream
boundary of the mixing step is iterative. This failure indicates
that the procedure was not converged after 10 iterations.

n=3 The static enthalpy on each streamline at the mixing step
upstream boundary is determined from the static pressure
and entropy there. This failure indicates that a value less
than HMIN was determined,

n=4 The axial velocity distribution at the nm.ixing step upstrean:
boundary is determined from the total enthalpy, static enthalpy,
and tangential velocity distributigns, This failure indicates
that a value iess than VMIN was determined,

n=5 In solving for the static pressure distribution at the downstream
boundary of cach mixing step, the average static enthalpy is
determined in each streamtube (defined by an adjacent pair
of streamlines). This failurc indicates that a value less than
HMIN was dctermined. '

J19~44




n=6 Calculation of the static pressure distribution at the down:
gstream boundary of the mixing step is iterative. This failuxs
1ndicates that the procedure was not converged after 10

iterations,

n=7 The static enthalpy distribution at the mixing step downstream
boundary is found from the total enthalpy, axial velecity, and
tangential velocity dist~ibutions. This failure indicates that
a value less than HMIN was determined.

n=28 In order to satisfy continuity, the static pressure level at the
mixing step downstream boundary is iteratively determined.
This failure indicates that after 15 attempts, the procedure
was unconverged.

C. Aerodynamic Load and Temperature Output

Four output options may result in cards being produced

by the aerodynamic section of the program. Use of the input item

NOUT3 gives "PLOAD2 and Temperature - Cards® punched in a format
compatible with tihe NASTRAN stress program. For the purposes of
stress analysis, the blade is taken to be composed of a number of

triangular elements.

defined by two adjacent streamlines and twn adjacent computing stations,

The way that each quadrilateral is divided into two triangles, and
the element numbering scheme that is used, are illustrated in
Figure 1, The pressure difference for eachelement is given by
an average of either three or four values at surrounding mesh-

points. The pressure difference at each meshpoint is computed

from the equation

Bp = TmpfppTt g+ Al

and as follows. At the blade leading edge a forward diffevence is
used to determine the meridional gradients. At the blade trailing
edge the pressure difference is taken to be zero. At stations
with the bladerow (following a leading edge), mean central
differences are used to determine the meridional gradients. When
the input item NBLADE is positive (or zero) for a particular

145 0

Two such elements are formed by the quadrilateral
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blade axial segment, then three-point averaging is used. For
instance, for element number 1 in Figure 1, pressure differences
at grid points 1, 6, and 7 would be used. If NBLADE is negative,
four-point averaging is used. For instance for element number 1,
pressure differences at grid points 1, 2, 6 and 7 would be used.
The same average would also apply to element number 2. Relative
total temperatures are ocutput at the grid points on the blade.

A TEMPD value is also output using the average temperature at
the blade root for the grid points on the rest of the structure.

fas=31
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USER'S MANUAL UPDATES

1.14.4 Sample Problem

The Static Aerothermoelastic Design/Analysis procedure
for the bladed disc of an axial flow compressor rotor is
illustrated by this sample problem. As explained in Saction
1.19.3 the Design and Analysis steps ave carried out gnly at
the design operating point of the compressor bladed disc = the
"as manufactured" structure being only "analyzed" at off-design
operating points, The Design or Analysis mode of the Displace-
ment Rigid Format 16 is selected by the PARAMETER SIGN. The
present example uses the Design mode (SIGN = =1) of the rigid
format.

The finite element model of a sector of the bladed
disc is shown in Figure 1. The blade grid is specified in the
Basic coordinate system located on the axis of rotation as shown
in the figure, The hub is specified ir a cylindrical coordinate
system with the origin and the z-axis respectively coincident
with the origin and the x-axis of the Basic system. A schematic

of the aerodynamic model used is shown in Figure 2 wherein the

aerodynamic mesh is generated by the intersection of 4 streamlines

and 5 computing stations, three of which Tie on the blade. Two
additional computing stations have been used for the aerodynamic
section (see Section 1.19.3.1), one each upstream and downstream

of the blade to enable flow description in these regions. The

NASTRAN deck for the use of the rigid format is listed im Figure 3.

Jd4~5 %
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Blade

AN

Flow

Hub

Figure 1, Finite Element Model of an Axial Flow Compresser
Bladed Disc Sector, and the Basic Coordinate Systep
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Figure 2. Aerodynamic Grid (See Section 1.15.3, User's Manual)
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The Executive Control Deck consists of cards from ID
to CEND. S@L 16 and APP Displacement are used for the Steady
Aerothermoelastic Design/Analysis problem. CPU time (in minutes)
is estimated on the TIME card. DIAG (optional) is used to
request diagnostic output, '

The Case Control Deck is used to selegt the bwundary
conditions imposed on, and the loads applied to the stfucturéo
The extent and the form of the output desired is also selected
in this deck., 1In this problem, SPC set 500 is usged to restrain
the hub-shaft attachment degrees; of freedom from moving in the
axial and tangential direction., MPC set 600 is used to define
the blade-hub attachment znd the relative motion of the corres-
ponding grid boints on the two sides of the cyclic sector.

Two subcases must be defined for this rigid format., Subcase 1
is for the linear solution based on the elastic stiffness while
Subcase 2 solution includes the differential stiffness effects.
The PUTPUT (PLBT) packet requests the plots, and is explained
in Section 4, of the User's Manual,

The blade is idealized by 12 CTRIAZ plate elements
while 4 CHEXAl solid elements are used tp model the hub, The
aerodynamic data. describing the blade geometry (blade angle,
chords, stagger angles etc.) and the operating conditions (flow
rate, speed, losses etc,} are specified in the ALGDB data block
inpuf. via the DTI bulk data cards. The geometry, material and
constraint bulk data are as discussed in previous sections of this
manual. Parameters APRESS = 1 and ATEMP = 1 enable the inclusion
of the aerodynamic pressure and thermal loads. FXCOOR, FYCﬂﬁR

jag-br




and FZCPPR parameters each equal to 0.3 {ndicate that, in
this design example, three tenths of the displacements pbtained
{(both 1inear and non-linear) are used to redefine the blade
geometry. Parameters IPRTCF = )1 and IPRTCI = 1 are used for
a detailed printout from the ALG module upon ?ina] and initial
entries., IPRTCL = 0 requests a summary from the ALG medule
during the differential stiffness loop (see Section 18 of the
Theoretical Manual). PGEPM = 3 causes the GRID, CTRIA2, PTRIAZ
and DTI bulk data cards to be punched out during the final pass
through the ALG module. These cards represent the final blade
geometry and the operating conditions. Parameter STREAML = =)
suppresses the output of STREAML1 and STREAMLZ2 bulk data cards,
while Z@RIGN = 0 only is currently permitted. STREAML] cards
identify the grid points defining the blade.

Results are presented in the Demonstration Problems

Manual, |
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1.19.5 Modal, Flutter & Subcritical Roots Analyses

Cyclic symmetyxic flow is assumed while analyzing the
turbomachinery rotor/stator. Due to rotational cyclic symmetry,
only one=bladed disc sector is modeled. The harmonic number

" dependent cyclic normal modal analysis of such structures is

described in Section 1.12 of the User’s Manual. In the present
development, the results of the normal modes analysis using
cyclic symmetry have been appropriately integrated with unsteady
cascade aegsodynamic theories and the existing kx-method of modal
flutter analysis. The Mach number parameter has been conven-
iently replaced by the interblade phase angle parameter for
blade flutter problems. The discussion that follows is to

bring out the features pertinent to bladed disc analysis.

In a compressor or turbine, an operating point
implies an equilibrium of flow properties such as density, velocity,
Mach number, flow angle, etc., that vary across the blade span.
Blade properties like the blade angles, stagger angle, chord, etc.,
also, in general, change from the blade root to the tip. The
resulting spanwise variation in the local reduced frequency and
the relative Mach number must be accounted for in estimating
the chordwize generalized aercodynamic forces per unit span at
each streamline. 1Integration of these forces over the blade
span yields the blade generalized aerodynamic force matrix.
In order to nondimensionalize this matrix, the flow and blade
properties at a referenced streamline are used. The reference
streamline number, IREF, is specified on a PARAM bulk data card.

Since the relative Mach number varies along the blade
span, necessitating the use of either the subsonic or supersonic
cascade theories, parameters MAXMACH and MINMACH are used
respectively to specify the upper and lower limits belcocw and above
which the subsonic and supersonic unsteady cascade theories are
applicable. For streamlines with relative Mach numbers between
the limits MAXMACH and MINMACH, linear interpolation is used.

No transonic cascade theories have been incorporated.
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It shou'd be noted that for a given interblade phase
angle and reference reduced frequency, chordwise generalized
aerodynamic matrices corresponding to local spacing, stagger
and Mach number at the selected operating point will be generated
for each streamline on the blade. This is an expensive operation
and should be carefully controlled to reduce the computational
work. The aerodynamic matrices are, therefore, ccemputed at a
few interblade phase angles and reduced frequencies,
and interpolated for others. These parameters are selected on
the MKAEROl and MKAEROZ2 bulk data cards. Matrix interpolation
is an automatic featurs of Rigid Format Aero 9. Additional
aerodynamic matrices may be generated and appended to the previous
group on restart with new MKAEROl cards, provided the rest of the
data used for the matrix calculation remain unaltered.

To save further computational time, the chordwise
generalized aerodynamic matrices are first computed for
“"aerodynamic modes" (see the Theoretical Manual, Sectioni® ).

The aerodynamic¢ matrices for chordwise structural modes are

then determined from bilinear transformations along each
streamline prior to the spanwise integration to obtain the
complete blade generalized aerodynamic matrix. This permits

a change in the structural mode shapes of the same or a
different harmonic number to be included in the flutter analysis
without having to recompute the modal aerodynamic matrices for
aerodynamic modes. This can be achieved by appropriate ALTERS
to the Rigid Format.

For non-zerw harmonic numbers, the normal modes
analysis using cyclic symmetry resuits in both "sine® and
"cosine” mode shapes (Section 1.12). The BCD value of the
parameter MTYPE on a PARAM bulk data card selects the type of
mode shapes to be used in flutter calculations. It is immaterial
which is selected.

The method of flutter analysis is specified on the
FLUTTER bulk data card. The FLUTTER card is selected by an
FMETH@D card. At the present time, only the k-method of flutter
analysis is available. This allows looping through three sets

,l"’i"ﬁs
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of parameterss density ratio (@/@refjp cef L8 given on AER@
card); interblade phase =ngle (=); and reduced frequency, (K.)
For example, if the user specifies two values of each, there
will be ecight loops in the fellowing order.

LP@P DENS o RFREQ

1 1 1 1
2 2 1 1
3 1 1 2
4 2 1 2
5 1 2 1
6 2 2 1
7 1 2 2
8 2 2 2

Values for the parameters are listed on FLFACT bulk data cards.

Usually, one or two of the parameters will have only a single
value.

A parameter VREF may be used to scale the output
velocity. This can be used to convert from consistent units
(¢.g., in/sec) to any units the user may de:sire (e.g., mph),
determined from V = V/VREF° Another use of this parameter

out
is to compute flutter index, by choosing Vppn = buwg YT

If physical output (grid point deflections or element

forces, plots, etc.) is desired rather than modal amplitudes,
this data recovery can be made upon a user selected subset of

the cases. The selection is based upon the velecity; the method

ig discussed in Section 3.23.3.
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1.4 .6 Sample Problem

The problem of determining the colmpletea unstalled
flutter boundaries of a compressor or turbiné bladed disc
involves each member set of an appropriate whole series of
harmonic families of modes of the cyclically symmetric bladed
discs, and effects of interblade phase angle, over an adequate
set of operating points (flow rates, speeds, pressure ratios,
implied Mach numbers, etc.). This sample problem, therefore,
is only to illustrate the procedure to obtain typical data
leading to the definition of flutter boundaries.

The fin1te_element model of the compressor bladed

disc sector is shown in Figure 1. The aerodynamic model (see

Section 1.1 .2) with &4 streamlines and 3 computing stations is

shown in Figure 2. The first four of the zeroth harmonic
family of natural modes and frequencies are chosen for flutter
investigation via the PARAMeters LMPDES = 4 and KINDEX = 0.
QOperating point conditions of 73,15 1b m/sec flow rate,

16043 rpm, and 1.84 total pressure ratio are selected so as to
demonstrate the use of the total stiffness matrix, for cyclic
modal analysis, saved from the Static Aerothermoelastic Amalysis
at this operating'point (see Demonstration Manual examples 9-5-1
and 16-1). For this, the Parameter KGGIN is set eaqual to 1.

The k-method of flutter analysis is used which is the only
method currently permitted. The NASTRAN deck used is listed in
Figure 3.
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The Executive Control Deck, cards ID through CEND,
selects the Cyclic Modal Flutter Analysis Rigid Format via
the SAL 9 and APP AERM cards. An estiméted CPU TINE of
20 minutes is indicated for this example. The DIAG 14 card
is optional and Tists the Rigid Format,

The Case Contro” Deck is used to select comstraints,
methods and output. In this problem, SPC set 500 is used to
constrain the hub-shaft attachment degrees of freedom to move
only in the radial direction. APC set 600 1s used to define
the blade~-hub connection. A METHOD card must select an EIGR
bulk data card for real eigenvalue analysis, An FMETHPD card
must be used to select a FLUTTER data card for flutter analysis.
A CMETHPOD card must select an EIGC data card for complex
eigenvalue extraction., For a flutter summary printout, the

parameter PRINT is set to YESB. The XAYPAPERPLAT request shown

- will plot V-g and V=-f split frame "plots" on the printer output.

To produce plots, it is necessary to specify a plotter, request
a plot tape, and specify XYPAPERPLET VYG. The "curves" refer
to the loops of the flutter analysis, and in this example the
9 loops have been arranged with 3 loops to each frame.

The blade and the hub are respectivé1y modeled by
12 CTRIAZ and 4 CHEXAl elements. The geometry, material and
constraint @u]k data are as discussed %n previous sections of
this manual, and there are no special rules for aeroelastic
flutter analysis. CYJBIN data card specifies the pairs of
corresponding grid points on the two sides of the cyclic sectar.
INV method of reail eigenvalue extraction is selected on an EIGR

card wherein five mode shapes and frequencies are requested.

joari-68
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0f these, the first four (Parameter LMPDES = &) modes are used
to form the modal flutter equations. The AERP bulk data card
is used to specify the reference chord and reference density.
For bladed disc flutter analysis, the other two parameters on
the AERP card are of no significance. The MKAERA! data card
causes the aerodynamic matrices to be computed for three intere
blade phase angle-reduced frequency pairs, i.e. (= 180°,

k = 0.3), (180°, 0.7) and (180°, 1.0).

The FLUTTER bulk data card selects the presently
permitted k-method of flutter analysis and refers to the FLFACT
cards specifying density ratios, interblade phase angles, and
reduced frequencies, The analysis loops through all combinations
of densities, interblade phase angles and reduced frequencies,
with density on the inner loop and interblade phase angle on
the outermost loop. In this example, 3 density ratios, 1 inter-
blade phase angle and 3 reduced frequencies (on FLFACT cards)
result in (3 x 1 x 3 =) 9 loops. Both lipear and surface splines
are available for interpolation of aerodynamic matrices to
intermediate values of interblade phase angle and reduced
frequency. The EIGC card is required and the HESS method is
used. The number of complex eigenvectors to be extracted must
be specified, and will usually agree with the number of modes
saved for cutput specified on the FLUTTER data card.

For bladed discs, STREAML] and STREAMLZ2 data cards are
required. The grid points on each streamline on the blade are
identified on the STREAMLI cardf The flow and blade geometry
is specified for each streamline on the STREAML2 cards. It

should be noted that at least 3 streamlines per blade (including

I -69




the root and the tip) and 3 grid points per streamline must he

selected for cyclic modal flutter analysis.

Results are presented in the Demonstration Problems

Manual.
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EX£CUTIVE CONTROL DECK ORIGINAL PAGE [5
OF PO0R QuALITY

Executive Control Card SPL - Solution Number Selection

Description: Selects the solution number which defines the Rigid Format.

Format and Example(s):

o (8]
SoL 6

SeL 1,6

sgL 1,6,7,8,9
SPL STERDY STATE

Option Meaning

K1 Solution number of Rigid Format (see Remarks below and Section 3).
K2 Subset numbers for solution K1, default value = O.

A Name of Rigid Format {see Remarks below).

Remarks: 1. When a Direct Matrix Abstraction Program (DMAP) is not used, the solution is manda-

tory. The subset associated with a solution is optional.

2. For Displacement Approach Rigid Formats, the integer value for K1 or the alphabetic

characters for A must be selected from the following table:

Q A
1 STATICS
2 INERTIA RELIEF
3 MPDES or NPRMAL MPDES or REAL EIGENVALUES
4 DIFFERENTIAL STIFFNESS
5 BUCKL ING
] PIECEWISE LINEAR
7 DIRECT CPMPLEX EIGENVALUES
8 DIRECT FREQUENCY RCSPPNSE
9 DIRECT TRANSIENT RESPENSE
10 MPDAL CPMPLEX EIGENVALUES
1n MODAL FREQUENCY RESPPNSE
12 MBDAL TRANSIENT RESPENSE
13 NPRMAL MODES ANALYSIS WITH DIFFERENTIAL STIFFNESS
14 STATICS CYCLIC SYMMETRY
15 MPDES CYCLIC SYMMETRY
16 STATIC AERCTHERMOELASTIC AHALYSIS UWITH DIFFERENTIAL STIFFHESS

3. For Heat Approach Rigid Formats, the integer value for K1 or the alphabetic char-

acters for A must be selected from the following table:

KL A
1 STATICS
3 STEADY STATE
9 TRANSTENT

2.2-17-(12/29/78)
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l NASTRAN DATA DECK |
‘ 4. For Aero Approach Rigid Formats, the integer value for K1 or the alphabetic =haracters
| for A must be selected from the following table: y
E [} A
; K COMPRESSOR ELADE CVCLIC MPDA|L FLUTTER ANALYSIS o
: E; 10 MPDAL FLUTTER ANALYSIS 1 .
E n MPDAL AERPBELASTIC RESPONSE f Y
E §. Subsets cause a reduction in the number of statements in a Rigid Fonnat. The use !
3 E? of ? subset is optional. The integer value(s) may be selected from the following !
LA table:
E = K2 Subset Numbers w
4 . '
3 L 1 Delete loop control, ? |
X i Delete mode acceleration method of data recovery }
- (modal transient and modal frequency response).

! 3 Combine subsets 1 and z.

‘ . 4 Check a1l structural and aerodynamic data without
- execution of the aeroelastic problem.
Y - 5 Check only the aerodynamic data without execution
" | of the aeroelastic problem.
L 6 Delete checkpoint instructions.
o 7 Delete structure plotting and X-Y plotting.
3 S 8 Delete Grid Point Weight Generator.
§ i 9 Detete fully stressed design (static analysis).
ET" ‘
S

Multiple subsets may be selected by using multiple integers separated by commas.
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NASTRAN DATA DECK

18. NCHECK - requests significant digits to indicate numerical accuracy of element stress
and force computations.

16. AERDFORCE - requests frequency dependent aerodynamic laod: on interconnection poihts in
aeroelastic response analysis,

17. STRAIN - requests the strains/curvatures in a set of structural elements {applicable
to TRIA1 TRIAZ, QUADY, and QUAD2 only),

18. CSP - selects contact surface points to be output,

2.3.3 Subcase Definition

In general, a separate subcase is defined for each loading condition. In statics problems
separate subcases are also defined for each set of constraints. In complex eigenvalue analysis
and frequency response separate subcases are defined for each unique set of direst input matrices.
Subcases may be used in connection with output requests, such as in requesting different output

for each mode in a real eigenvalue problem.

The Case Control Deck is structured so that a minimum ampunt of repetition is required. Only
one level of subcase definition is necessary. A1l items placed above the subcase level (ahead of

the first subcase) will be used for all following subcases, unless overridden within the individual

subcase.

In statics problems, subcases may be combiped ;hrough the use of the SUBCBM feature. Indi-
vidual loads may be defined in separate subcases and then conbined by the SUBCPM. 1 the loads
are mechanical, the respenses are combined as shown in example Z, which follows. 1If a thermal
Toad is involved, the responses due to mechanical and thermal loads may be recovered as shown in

example 1. By redefining the thermal load{s) at the SUBC@M level, stresses and forces may be

recovered.

2.3-3a (12/29/78)
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5 CASE CONTROL DECK

Case Control Data Card €SP - Contact Surface Point Selection f

b

Description: Selects the interface contact surface po}nts for a static !
aeroelastic analysis. !

t I

g F \
L Format and Examples: [ ‘
1 E

¢ €SP = n :

1

i ( £sP = 31

. '

i [ Option: Meaning

.

S n Set identification number of a CSP card {integer > 0),

SIS

. .

Y ‘ Remarks:

g 1. The normal displacement difference will be output for the selected

g I~ ifnterface contact surface points.

L | : .

ﬁ L 2. This card should selicct only those points of the interface contact

2 serfaces where "contact” constraint conditions were not invoked. Use

the GPFORCE Case Control Card to select points for which "contact”
constraint conditions were invoked.

]

Uthie d A &-abbiniiaNC sl v
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ORIGHYVAL PAGE 13
OF POOR QUALITY

BULK DATA DECK

Input Data Card (%1 Contact Surface Points

¢

Description: Defines iInterface contact surface points for use in static
agroelastic problems.

Format and Example:

1 2 3 4 5 0 7 8 9 10
csP sio | 61 | es1 | Az | eB2 | a3 | cs3 +ABC
c5p 13 5 2 10 12 13 23 +CSP1

+ABC GA4 11 GAS GBS -etc-

+CSP1 )
Field ‘ Contents
§ID Identification number of contact surface set (integer > 0}.
GAi, GBi Grid point identification numbers of node point pairs at

interface contact locations {integer > 0).

Remarks:

1. Contact surface sets must be selected in the Lase Control Deck (CSP = SID)
to be used by NASTRAN

2. The norma) displacement difference between each GAY and GBI pair will be
output if this SID is selected.

3. Only those points where “contact" constraints were not invoked should be
selected here. Contsct surface points where "gontact" constraints were
jnvoked should be selected by a GPFPRCE data card to output element forces

_at the contact locations.

A2 GAI

GAd§ g

Interface contact surfaces represented by node pafrs (GA1, GB1), (GA2, GB2),
{(GA3, GB3) and (GA4, GB4)

2.4-66b (9/30/78)
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Input Data Card FLFACT

BULK DATA DECK

Aerodynamic Physical Data

ORIGINAL page i
OF POOR QUALITY

: i

K3

i Description: Used to specify densities, Mach numbers or interblade phase angles,
e and reduced frequencies for flutter analysis.

<8 Format and Example:

F 5 ‘

g

R 1 2 3 4 5 6 1 8 9 10
3 FLFACT SID Fl F2 F3 F4 F5 F6 F? ABC

£ FLFACT 97 3 .7 3.5 abc

?<§ +BC F8 F$  |--etc.--

- Alternate Form:

o ¥,

4

; E FLFACT SiD F1 THRY FNF NF FMID

o ¢ FLFACT 201 .200 THRU .100 11 . 133333

o

EJ: Field Contents

- f

- SID Set identification number (Unique Integer > 0).

. &

? _ Fi Aerodynamic factor {Real).

L

if_ Remarks: 1. These factors must be selected by a FLUTTER data card to be used by NASTRAN,
5; : 2. Imbedded blank fields are forbidden.

% 2 3. Parameters must be listed in the order in which they are to be used within the
oE looping of flutter analysis.

h‘i:

3 4. For the alternate form, NF must be greater than 1. Fasg Must 1ie between F, and
g, FNF' otherwise Fmid will be set to F] + FNF)/Z. Then

P v

]

IR R e D e

% - P P RSSO BSOS OB RS o T R T O ey W) N OB S

F

_ FrlFup-Fryyg (NF-1) # Fyp(Fpgq-Fyd(i-1)

P OnpFigd NFT04 (FpgoFy T

i =1,2,...,NF

The use of Fmid (middle factor selection) allows unequal spacing of the factors,

m

2.4-116a

(12/29/78)

F g = EFTFNF/(F1+FNF) gives equal values to increments of the reciprocal of F1.
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Input Data Card FLUTTER

Description:

OR!GINAL PACE IS

OF POOR QUALITY
BULK DATA DECK

Aerodynamic Flutter Data

Defines data needed to perform flutter analysis.

Format and Example:

1 2 3 4 5 6 7 8 9 10

FLUTTER {SID METHRD |DENS  {MACH  |RFREQ | IMETH WVALUE | EPS

FLUTTER |19 K 119|219 39 5 5 1.-4

Field Contents

SID Set identification number (Unigue Integer > 0).

METHPD Flutter analysis method, "K* for K-method, "PK" for P-K method, "KE" for the
K-method restricted for efficiency.

DENS Identification number of an FLFACT data card specifying density ratios to be
used in flutter analysis (Integer > 0).

MACH Identification number of an FLFACT data card specifying

HACH numbers or interblade phase angles {(m) to be used in
flutter analysis (integer > 0}.

RFREQ (or VEL) Identification number of an FLFACT data card specifying reduced frequencies (k)

IMETH

NVALYE
£Ps

Remarks:

to be used in flutter analysis {Integer > 0); for the p-k method, the velocity.

Choice of interpalation method for matrix interpotation (BCO: L = iinear,
5 = surface),

Number of eigenvalues for output and plots {Integer > 0).

Convergence parameter for k; used in the P-K method {Real){default = 10-3).

The FLUTTER data card must be selected in Case Control Deck (FMETHOD = SID).

The density is given by DENS - RHMPREF, where RHPREF is the reference value given on
the AERQ data card,

The reduced frequency is given by k = (REFC-w/2+V), where REFC is given on the AERP
date card, w s the circular frequency and V is the velocity.

An eigenvalue is accepted in the P-K method when |k - k | < EPS.

estimate

2.8-16¢c (12/29/7¢}
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Input Data Card  MKAERDY

Description:

BULK DATA DECK

Mach Numhér = frequency Table

Provides a1 table of Mach numbers or interblade phase angles {m)
and reduced frequencies (k) for aerodynamic matriz calcylation.

Format and Example:

1 3 G ? — 8 — 9 : 10 .
MKAERDT | my My m3 My mg mg my mg ABC
| MKAER@T] .1 N +ABC
+BC 3 k, k3 kg kg kg kg kg ’
+BC .3 .6 1.0 '
Field Contents
m, List of Mach numbers (Real; 1 < 1 < 8).
kj List of reduced frequencies {(Real > 0.0, 1= J <8).
Remarks: 1. Blank fields end the liét. and thus cannot be used for 0.0,
2. A1l conbinations of (m,k) will be used.
3. The continuation card is required.
4. Since 0.0 is not allowed, it may be simulated with a very small number
suych as 0.0001. .
5. .

Mach numbers are input for wing flutter and interblade phase angles for

blade flutter.

2.4-154e {12/31/77)




BULK DATA DECK

' Input Data Card MKAERD2 Mach Number - Frequency Table
] l Description: Provides a )ist of Mach numbers or interblade phase angles (m) end
reduced frequencies (k) for aerodynamic matrix calculation.
! format and Example: k.
e B
: 1 2 3 4 5 6 7 8 9 10
I D L N L L L A ]
MKAERD2 | .10 .30 10 .60 .70 .30 70 1.0 ks
[ o
" Field Contents : 1
I
a, m, List of Mach numbers (Real > 0.0), :
. ‘
kg List of reduced frequencies (Real > 0.0). A
E-; Remarks: 1. This card will cause the aerodynamic matrices to be computed for a set of parameter
pairs. '
§ 2. Several MKAERP2 cards may be in the deck.
3. Imbedded blank pairs are skipped.
EE 4. Mach numbers are input for wing flutter and interblade phase angle for blade

flutter.

2.4-154F (12/31/77)
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24.

ab.

dac.

ad.

ae.

af.

ag.

ah.

ai.

aj.

ak.

ak.

NASTRAN DATA DECK
PARAM (Cont.)

KMAX - optional in static analysis with cyclic symmetry {rigid format 14). The
integer value of this parameter specifies the maximum value of the harmonic
index. The default value is ALL which is NSEGS/2 for NSEGS even and (NSEGS-1}/2
for NSEGS odd. :

KINDEX - required in normal modes with cyclic symmetry (rigid format 15),  The
Tnteger value of this parameter specifies a single value of the harmonic index.

NBDJE ~ optional in AERD rigid formats. A positive integer of this paremeter
indicates user supplied downwash matrices due to extra points are to be read
from tape via the INPUTT2 module in the rigid format. The default value is -1,

P1, P2, and P3 - required in AERD rigid formats when using NODJE parameter, See
Section 5.5 for tape operation parameters required by INPUTTZ module. The
defaults for P1, P2, and P3 are 0,11, and XXXXXXXX, respectively,

YREF - optional in modal flutter analysis (rigid formet 10}. Velocities are
divided by the real value of this parameter to convert units or to compute flutter
indices. The default value is 1.0.
PRINT - optional in modal fiutter analysis. The BCD value, NP, of this
parameter will suppress the automatic printing of the flutter summary
for the k method. The flutter summary table will be printed if the BCD
:al:: is YES for wing flutter, or YESB for blade flutter. The default
5 S.
ISTART - optional in direct and modal transient response (rigid formats 9 and
12). A positive value of this parameter will cause the second (or alternate)
starting method to be used {see Section 11.3 of the Theoretical Manual), The
alternate starting method is recommended when initial accelerations are signifi-
cant and when the mass matrix is non-singular. The default vaiue is -1 and will
cause the first starting method to be used.

KDAMP - optional in AERD rigid formats., An integer value of +] causes modal

damping terms to be put into the complex stiffness matrix for structural damping.
The default is -1.

GUSTAERG - optional in AERP rigid formats. An integer value of +] causes gust
Toads to be computed. The default is -1.

IFTM - optional in aercelastic response {rigid format 11). The value of this
parameter selects the method for the integration of the Inverse Fourier Transform.
The integer value 0 specifies a rectangular fit; 1 specifies a trapezoidal fit;
and 2 specifies a cubic spline fit to obtain solutions versus time for which aero-
dynamic forces are functions of frequency. The default value is 0.

MACH - optional in AER® rigid formats. The real value of this parameter selects
the closest Mach numbers to be used to compute aerodynamic matrices. The default
is 0.0,

Q - required in aercelastic response (rigid format 11). The real value of this
parameter defines the dynamic pressure.

@PT - optional in static and normal modes analyses {rigid formats 1, 2, 3, 14,
and 15). A positive integer vatue of this parameter causes both equilibrium
and multipoint constraint forces to be calculated for the Case Control output
request, MPCFARCE. A negdative integer value of this parameter causes only the
equilibrium force balance to be calculated for the output request. The default
value is 0 which causes only the muitipoint constraint forces to be calculated
for the output request.

GRDEQ - optional in static and normal modes analyses (rigid formats 1, 2, 3, 14,
and 15}, A positive integer value of this parameter selects the grid point about
which equilibrium will be checked for the Case Control output request, MPCF@RCE.
If the integer value is zero, the basic origin is used. Default is -1.

2.4-184b (12/29/78)
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BULK DATA DECK

STRESS - optional in static amalysis (rigid format 1). This parameter controls
the transformaztion of element stresses to the material coordinate system (only
for TRIA1, TRIA2, QUAD! and QUANZ elements). 1If it is a positive integer, the
stresses for these elements are iransformed to the material coordinate system.

If it is zero, stresses at the connected grid points are also computed in addi-
tion to the element stresses in the material coordinate system, A negative inte-
ger value results in no transformation of the stresses. The default value s -1,

STRAIN - optional in static analysis (rigid format 1)}. This parameter controls
the transformation of element strains/curvatures to the material coordinate

system {only for TRIA1, TRIAZ, QUAD1 and NUAD2 elements). If it is a positive
integer, the strains/curvatures for these elements are transformed to the material
coordinate system. If it is zero, strains/curvatures at the connected gqrid points
are also computed in addition to the element strains/curvatures in the material
coordinate system. A negative integer value results in no transformation of the

strains/curvatures. The default value is -1,

NINTPTS - optional in static analysis (rigid format 1). A positive integer value
of this parameter specifies the number of closest independent points to be used
in the interpolation for computing stresses or strains/curvatures &t arid points
{only for TRIAY, TRIAZ, QUAD) and QUADZ elements). A nenative integer value or
0 specifies that all independent points are to be used in the interpolation. The

default value is 0.

APRESS - optional in static serothermoelastic analysis. A positive
integer value will generate aerodynamic pressures, A negative value
{the default) wil) suppress the generatfon of aerodynamic pressure loads,

ATEMP - optional ¥n static aerothermoelastic analysis. A positive
Tnteger value wi)l generate aerodynamic temperature loads. A negative
Yal:e (the default) will suppress the generation of aerodynamic therms)
oads.

STREAML - optional in static aerothermoelastic analysis. STREAML=}
causes the punching of STREAML] bulk data cards. STREAML= 2 causes the
punching of STREAMLZ bulk data cards. STREAML=3 causes both STREAMLI
and STREAMLZ cards to be punched. The default value, -1, suppresses
punching of any cards.

PGEPM - optional ir static aerothermoelastic analysis, PGEON = 1
causes the punching of GRID bulk data cards. PGEPM = 2 causes tie
punching of GRID, CTRIA? and PTRIA2 bulk data cards, PGEPM = 3 causes
the punching of GRID cards and the modified ALGDB table on DTI cards,
The default, -1, suppresses punching of any cards. .

IPRT - optional in static aerothermoelastic snalysis. If IPRT » 0

then intermediate print will be generated in theyALG moedule based an the
print option in the ALGDB data table, 1f IPRT = @ (the default), no
intermediate print wilt be generated,

2.4-184c {12/29/78)

?
i

iy ey g 4




— =
X

NASTRAN DATA DECK

o

PARAM (Cont.)

& —

au. SIGN - optiona) in static acrothermoelastic analysis. Controls the )
’ type of analysis being performed. SIGN = 1.0 for a standard analysis, N
. SIGH = -1.0 for a design analysis. The default §s 1.0.

N

y av. ZQRIGN, FXCODR, FYCPPR, FIZCPPR - optional In static aerothe;moeiastic 1
: analysis. These are modification factors. The defaults are
‘ 2BRIGN = 0.0, FXCRDR = 1.0, FYCOPR = 1.0, and F2CHAR = 1.0.

J {% aw. MINMACH - optional in blade flutter analysis. This is the minimum

ach number above which the supersonic unsteady cascade theory is ! !
valid. The default js 1.01.

[‘ ax. MAXMACH -« optional) in blade flutter analysis. This is the maximum
. Mach number below which the subsonic unsteady cascade theory is valid.
The default value 1s 0.80.

S -

screamline number. IREF must be equal to & SLN on a STREAMLZ bulk

data card. The default value, -1, represents the streamline at the
. blade tip. 1§ IREF does not correspond to a SLN, then the default
= will be taken.

K ;
!j ay. IREF - optional in blade flutter analysis. This defines the reference {

NYAET T O fr D T

s az. MIYPE - optional {in cyclic modal! blade flutter analysis. This controls

.| which components of the cyclic modes are to be used in the modal

o 13 formylation. MTYPE = SINE for sine components and MTYPE = COSINE for

kj (; cosine components. The default BCD value is COSINE. ;
E : apa. KTFUT - coptional in static aerothermoelastic analysis. A positive {
ro.or nteger of this pcrameter indicates that the user wants to save the !
£ (1 total stiffness matrix on tape (GIN file INPT) via the JUTPUTI module :
~ 0 in the rigid format. The default is -1, 3
EW -- aab. KGOIN -loptional in compressor blade cyclic modal flutter analysis,

E? [; K positive integer of this parameter indicates that the user supplied :
P stiffness matrix is to be read from tape (GINg file INPT} via the B
. INPUTT) module in the rigid format. The default is -1,
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BULK DATA DECK

Input Data Card STREAML] Blade Streamline Data

Degeription: Defines grid points on the blade streamline from hlade Yeading

gdge to blade trailing edge.

Format and Example:

] 2 3 4 5 6 7 8 9 10
STREAML) |SLN 61 G2 G3 64 65 {Gs 67  asc
STREAMLY | 3 2 4 6 8 10 ' '
*ABC 68 69 -ete- ’ '
+ABC

Alternate Form:
STREAML] SLN GID1 “THRU" [GID2
STREAMLY 5 o THRU 12
Field Contents
Lontents
SLN Streamline number (integer > 0).
6i, GIDi Grid point identificatioi numbers (integer > 0).

Remarks:

1.

This card is required for blade steady aeroelastic ard blade flutter
problems,

There must be one STREAML) card for each streamline on the blade,
fFor blade flutter problems, there must be an equal number of STREAML1™
and STREAML2 cards.

The streamline numbers, SLN, must tncrease with increasing radial
distance of the blade section from the axis of rotation., The
Towest and the highest SLN, respectively, wil) be assumed to
represent the hlade sections closest to and farthest from the axis
of rotation,

A1l grid points should be unique.
A1) grid points referenced by GID! through GIDZ must exist,
Each STREAMLY card must have the same number of grid points. The

nodes must be input from the blade leading edqe to the blade
tratling edge in the corrvect positional order,

2.4-266a (9/30/78)
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Input Data Card

Description:

BULK DATA DECK

STREAML2

Format and Example:

Blade Streamline Date

Define aerodynamic data for a blade streamline.

1 2 K 4 5 ] 7 ] 9 10
STREAML2 SLN NSTNS STAGGER | CHORD |RADILS |BSPACE HACH DEN +abce i
STREAML2] 2 3 23.5 1.85 6.07 . 886 .934 l.066
tabce VEL | FLOWA {
+ABC 1014.2] 55.12 N
Field Contents
SLN Streamline number {Integer »0)
NSTHNS Number of computing stations on the blade streamline,
(3 < NSTNS < 10, Integer)
STAGGER Bla;e stagg:r angle (-90.0 <stagger <90.0, degrees)
CHORD Blade chord (real >0.0)
RADIUS Radfus of stresmline {real >0.0)
BSPACE Blade spacing (rea’ 20.0)
MACH Relative flow mach number at blade leading edye
(real »0.0}
DEN Gas densfity at blade leading edge (real »0.0}
vil Relative flow velocity at blade leading edge {real >0.0)
FLOWA Relative flow angle at blade leading edge

(-90.0 <FLOWA <90.0, degrees)

2.4-26€L (9/30/78)
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Remarks :

1.

At least three (3} and no more than fifty (50) STREAML2 cards are

required for a blade flutter analysis.

The streamline number, SLN, must be the same as its corresponding
SLN on a STREAML! card. There must be a STREAML1 card for each
STREAMLZ card.

It is not required that all streamlines be used to defipe the

aerodynamic matrices used in blade flutter analysis,

2.4-266¢ (9/30/78)
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RIGID FORMATS

The following rigid formats for structural analysis are currently included in NASTRAN:

1. Static Analysis

2. static Analysis with Inertia Relief

3. Normal Mode Analysis

4. Static Amalysis with Differential Stiffness
5. Buckling Analysis

6. Piecewise Linear Analysis

7. Direct Complex Eigenvalue Analysis

8. Direct Frequency and Random Response

9. Direct Transient Response
10. Modal Complex tigenvalue Analysis
11. Modal Frequency and Random Response
12. Modal Transient Response
13. Normal Modes Analysis with Differential Stiffness
14. .Static Anatysis with Cyclic Symmetry

15. Normal Modes Analysis with Cyclic Symmetry . ‘
16. Static Aerothermoelostic Analysis with Differential Stiffness

The following rigid formats for heat transfer analysis are included in NASTRAN:

1. Linear Static Heat Transfer Analysis
3. Nonlinear Static Heat Transfer Analysis
9. Transient Heat Transfer Analysis

The following rigid “ormats for aercelastic analysis are included in NASTRAN:

9. Compressor Blade Cyclic Modal Flutter Analysis
10. HMods) Flutter Analysis
11. Modal Aeroelastic Response

3.1.1 Input File Processor

The Input File Processor operates in the Preface prior to the execution of the DMAP ppera-
tions in the rigid format. A complete.description of the operations in the Preface is given in
the Programmer's Manual. The main interest here is tp indicate the source of data bliocks that
are created in the Preface and hence appear only as inputs in the DMAP sequences of the rigid
formats. MNone of the data‘b1ocks created by the Input File Processor are checkpointed, as they
are always regenerated on restart. The Input File Processor is divided into five parts. The

first part (IFP1) processes the Case Control Deck, the second part (IFP) processes the Bulk Data

L1-2 (Y/30/77)
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COMPRESSOR BLADE MESH GENERATOR

3.22 COMPRESSOR BLADE MESH GEMERATOR

3.42.1 DMAP Sequence for Compressor Blade Mesh Generator

RIGID FORMAT DMAP LISTING
T AL SERIES 0
Tl
;. ﬂI DMAP APPROACH, COMPRESSOR BLADE MESH GENERATOR
AL LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT' GO ERR=2  NOLIST NODECK NOREF NOOSCAR
| BEGIN §
2 Ae CASECC,,,,ALODS,, / CASECCA,GEOM3A / C,N,~1 / C,N,-1 /

V,Y,STREAML=Y / ¥V, Y,PGEOM=2 / V,Y,IPRT=} §
3 END §

e Eiah 4

BRI A Rt St A AN N i - 4 ¢ 1 R
* [ ' Lo S
e ] . 1! i.....'..j i..,...‘;i

3.32-1 (9/30/78)
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RIGID FORMATS

Deseription of DMAP Operations for Comprgssor Blade Mesh Generator
M e 'i'; o

ALG penerates GRID, CTRIAZ, PTRIAZ and STREAMLY bulk dptn cards. Yhese
cards are output via the system card punth, The GRID and CTRIAZ cords
represent a compressor blade mesh. The aarvodynamie input data s
checked by performing an aerodynamic analysts,

341 -2 (9/30778)
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3.4% .4
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COMPRESSOR BLADE MESH GENERATOR

Qutput for the Compressor Blade Mesh Generator

The GRID, CTRIA2, PTRIA2 and STREAMLY bulk data cards are punched,

Aerodynam{c output {s printed.

Cagse Control Deck, DTI Table and Parameters for the Compressor 8lade
Mesh Generator

Only TITLE, SUBTITLE and LABEL cards are processed, all other case
coAtrol cards are {gnored.

The only required {nput is the ALGBD data table. This data block f{s
{nput via Direct Table Input (DTL} bulk data cards. ALGDB comtains

atl the asrodynamic input necessary for the ALG nodule. For a

detailed description of the ALGDB data block input see Section 1.15.3.1
of the User's Manual.

following u§er parameters are used by the Compressor Biade Mesh Generator.
STREAML - Optional - A value of ) casues the punching of STREAMLY buik
data cards. A value of 2 causes the punching of STREAML2 builk data
catds. A value of 3 causes the punching of both STREAMLY and STREAML2
cards. The default value, -1, suppresses the punching of all cards.
PGEOM - Optional - A value of 1 causes the punching of GRID bulk data
cards. A value of 2 causes the puncning of GRID, CTRIAZ and PTRIAZ
bulk data cards, PGEQM = 3 causes the punching of GRID cards and the
modified ALGDB table on OT! cards, The default value, -1, suppresses

the punching of all cards,

IPRT - Optional - a non-negative value of this parameter wil) allow
intermediate print to be generated by the ALG module based on the
print option in the ALGDB data table. The default value, G,

suppresses all intermediate print,

3.22-3 (9/30/78)
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STATIC AEROTHERMOELASTIC ANALYSIS WITW DIFFERENTIAL STIFFNESS (

- 3.4} Static Aerothermoelastic Analysts with Differential St{ffness
}

3.3 DMAP Sequence Ffor Statfc Agrothermoglast{c Analysis with ’
Difforential Stiffness, ' ;

Lie s

RIGID FIRYAT DMAP LISTING .
SERIES J \

DISPLACEMENT APPRUACH, RILID FURMAT lé&

m;...,......'
e

LEVEL 2.0 NASTRAN DMAP COMPILER - SOUHCE LISTENG )

.--. r———
e

OPT iONS IN EFFECT GO $RR=2 NOLI ST NODECK NOREF NOOS ¢ 4R '

; i
[ —

1 BEGIN ND. 16 STATIC AEHOTHERHOELASTIC WITH OIPFERENTIAL SV IFFNESS &

)

GEDIY b oGEUMR . /GPLOEUE KIN,GPOT CSTH BGPOTSIL/YV  NoLUSET/ VoMo
NOGPDT 8

3 SAVE LUSET,NUGPDT 8

€onD ERRUR 14NOGPDT 8

A

&
5 CHKPNT GPL Y EQEXEN.GPDT oL STXBOPDT,SIL 5
-}

y

GEOM2,EQEXIN/ECTY &

T CHUPNT ECT &

8 PARAML PCNB//CoNoPRES/CoNe/CoNo/C oMo /Y o Ny NOPCUB §

/7 CoNoCOMPLEX / / VoYoSIGN / CoNo0.0 / VoN,CSIGN §

,-_...._.,

i 1

R
&0

10 PURGE PLISETR PLTPAR «GPSEY S,ELSETS/NOPCDE &

PLsNOPCDB §

T

PCOA EJERINGECT/PLYISEYX :PLTPARGPSETSELSETS/VoNeNSEL/ Vol
[‘; JUMPPLUTC-1 §
|

13 SavE NSIL, JUMPPLUT &

[1 14 (PRTMSG) PLTSETA// 8

15 PARAN FIC N 4PY IV N ,PLIFLG/C N /G oML &
) 16 PARAAX 170 o APY IV M PELLE/C oNo0/Co8o0 8
-l

Q 17

P 1, JUMPPLOT §
PLTPAR GP SETS (ELSE 15 ,CASECCBGPOT ,EQEXINSILopo o/ PLUTXL/ Vo No

* (0

ﬁ e NSIL/ZVoNLUSE T/Ve Ny JUNPPLOT /Y oNo PLTFLG/Y oNo FFILE §

® 19 JUNPPLUTPLTF LG +PFILE 5

20 (PuT4sG) PLOTXL/Z 8

‘ 21 LABEL Pl s !
ﬂ 22 CHKPNT  PLIPAR GPSETS,FLSFTS &

'{2 3.28-1 {9/30/78)
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‘26 CHRPNE  SLT.GPIT &

ORIGINAL PRGE S
OF POOR QUALITY

RIGID FORMATS

RIGID FURMAT DHAP LISTING
SERIES O

OISPLACEMENT APFAUAIH, RIESID FURMAT 16

LEVEL 2.0 NASTRAN DNAP COMPILER - SOURCE L1STENG

23

y

GEOH 3,EQEXIN, CEOM2/SLT uPTT/Y Ny NOGRAY &
24 SAVE NUGRAY 8
25 PARAM F/Co N AND/YV N yNOMGG / Vo Ny NUGRAY/Y o Yo GRDOPNT= -1 &

.

21 qal ECT+EPY,BGPDT oSIL GPTTCSTM/EST oGES (GPECT,/ V4N, LUSET/ Voo
NUSINP/C oN ¢ L/ VN NUGENL/Y s o GENEL 5

28 SAVE NOSLAP, NOGENL «GENEL 8

29 ERRIR 1/NOSIMP §

y

310 PURGE OGP ST/GENEL %
il CHPNT EST.GPECT.GE] OGP ST $

37 PARAH £/ o N ADU/Y oY oNORKGGR/C oMol /CoNgO $

w
ar

ESToCSTM MPT DI ¥oGEQOM2 /KELM ¢ KDICT ; MELM; MOICT 45 /V N NUOKGGR/ V,
NeNOMGG/CoNo/C aNo /CoNg /C ¥ oCOUPMASS/Cy Yo CPRAR/C,Y o CPRED/CoY
CPUVADL/C Yol POQUAD2/C s VCPTREAL /CoYoCPYRIAZ/ CoY,CPTUBE/C, Y,
CPUDPLT/C YySPTRPLI/C ¥, CPTRASC &

34 SAVE NOKGG X, HOMGG &
35 CHKPNIT KELR yKUICT Mz LMyMDICT &

35 JHPRGGy NOKGGH &

00

31 (EMa GPECTKDICTKELM/UGS H,GPST 8
44 CHKPNT KOGGX,GPST &
39 LAGEL JHPH GG 8

40 JMPMGG, HOMGG 3

08

GPECT 4DICT o MELMAMGG o /Lo No—R LoV HTHMASS21.0 5
42 CHRPNT MGG &

43

-
=
w
m
-

JUPMGG 3

44 (CUND LBLL:GRUPNY &

;

&5 ERRJR 4, NOMGG &

3,132 (9/30/78)
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. CRIGIMNAL PRAZT I3
OF POOR QUALITY

STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

RIGID FURKAT DMAP LISTING :
SERIES U !

DISPLACEMENT APPROACH, R1GEID FORMAT L&

LEVEL 2.0 NASTKAN DMAP COMPILER -~ SOURLL LISVENG

:

46 BGPDT,CSTH,EIEXIN MG /U PHG/Y oV s GROPNT/C o Vo HTHASS 8
] &7 AP Georon/l b
©48 LABEL  LBLL S
49 K GGX o KGG/NOGE NL 8
50 CHKPNT  KGG $
: 51 LEL E 1, NOGENL 8
E 52 GEI, KGGI/KGG/ VoNoLUSET/Y 3N NUGENL/Y o NoNOSIHP 5
' 53 CHKPNT  KGG 8
k 56 LABEL  LBLAL $
55 PARAN  //LeNoMPY/V N JNSKIP/C oN 0/CoN,0 8
rn 56 CASECC,)GEOM4,EQEXIN,  GPOT,BGPDPT . CSTH/RG, VS (USET ; ASET /YoM,
- LUSE T/VoNGMPZF E/V o Ny MPCEZ /Y, N STNGLEZY oN (ORLT/Y o My REACT/VoN
NSKIP /% NoREPEAT/ZY N HUSE T/, No NCL/ Y N NUA/ Co ¥ ,SUBDD 8
: f" 5T  SAvE MPCFL,MPCF2, S INGLE (UMI T, RE ACT \NSKI Py REPE AT o NOS ET o NOL, NOA 8
i 58 ERKOR 5oNUL '
x 59 PURGE  GM/MPCF1/G0,KOU,LOU, PO,UUOY RUDY/OMIT/ PS oKFS oKS § o 0G/S INGLE/
Qs UBUDY /OMIT/YS S 4P S, KBF S:KBSS, KUF S,KDSS/S INGLE 3
£ 50 CHAPNT  GH4RG1GO ,KUD, LDD POy UOUY sRUDY s YS o PS o KES o KSS USET o AS ET o LBQOV,
A YBSoP B S, KBF Sq KE 55 ;KD F S oKD $5,Q6 ¢
g ° 81 LBL&D,KEACT B
1

62 JUMP ERKOR 2 %
63 LAEEL LBL&C !
-1 LBL &2 GENELS

65
b6
67
68

00

SAVE

Q

08

N

L~

GPL o SP ST USET ; SIL/CGPST/V,N,NOGPST %
NOGP 8T &
LBLANUGPST &

DGPSTVoocoee// B

3.13-3 (9/30/78)
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ORIGIMNAL PLEY IS
OF POOR QUALITY

RIGID FORMATS

RIGID FIRYAY UMAP LISTING
SERLES U

DISPLACEMENT APPROACH, RISID FORMAT Lo
LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

&9
70
71

.12

T3
1%
75
e
77

. T8

79
80
el
82
83
a%
95
8¢
ar
&s
89
9C
91
°2

93

LABEL

y

CHRBNT

08

CHRPNT

C

CHKPNT
LABEL

y

CHKPNT

00

CHEKPNT
LADEL

:

CHUPNT

00

CHRPNT
LAREL

;

CHRPNT

y

CHPNT

LBLG &

KGGo KNN/HPCFL 8

KN B

LBLZ.MPCF2 &

USETRG/GHM &

GH 8

USET o GMoRGG oy o /NN pov ©
HNN 8

LaL2 ¢

KNNgKFF/SINGLE §

KFF 3

LBL3,SINGLE §

USET RMM oo /RFF oBKF 5, KSSepo &
KFSaKSS.KFF 8

LeLd ¢

KEFoKAAZOMET &

KAA &

LBLS.OMIT &

USET pKFF oo /G0 cHAA 20D LQ00orse $
GO KAAKUD. LIV ¢

LBLS &

RAa/LLL &

L

SLT,BCPDT,CSTMoSELE STHPT.GRTIT EDT o MGG CASECC, DIT/PGNA /7 Yo N,
LUSET/Coltpl B

PGa &

3.23 -4, (9/30/78)
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STATIC AEROTHERMOELASTIC ANALVSLS WLTH DIFFERENTIAL STIFFNESS

RIGLD FORMAT OMAP | ISTENG
SERIES O

‘@RHG%ﬁUNL fﬁﬂzg T3
OF POOR QUALITY

DISPLACEMENT APPRUACH, RIS 1D FORKAT L&

9%
99
26
97
28
9

100

101

L02

103
104
105
106
107
1a8
ko9
. §.14)
111
122
L3
bie

119
1Y)
117

LEVEL 2.0 MASTHAN DMAP COMPILER - SOURCE LESTING

PORAK

00

Conp
P AR AN
COND
GP3

CHKPN T

)

CHIPNT

>
[+

QUILY
CHKPNT

EQuiy

CHiPNT

00

CHPNT
LABEL
5563

SAYE
CHRPN T

;

J/C N oAND /¥ Mo ALOAD /¥ Yo APRESS FYoVATENP 8

NUAL s ALOAD &

CASECC, o ERERENG oALGDY oy / CASECCAL,GEOM AL /5.V o APRESS/ 50V,
ATEMP FC oMo=L/C oNo=1/Y oY I PRICI/SoNoIFALL 8

FINASoEFALIL &

FICoNoAND /Yo N ALOAD /Yo Y APRESS /V Yo ATERP B

MOAL ¢ ALOAD &

GEUM3AL,EQERI N.GEOM2 /SLTAY,GPTTAL / V,NoNOGRAY &

SLTAL.,GPTTAL %

SLTAL,0GPOT 2 STMoSIL ESToHPGPTTAL EDT MGG o CAS ECLAL,DIT /

PGAL /7 VeNOpLUSET / CoNy) 8

PGAL &

PGNA,PGAL / PG B
NUAL &
PCNAPG/ALOAD 3
PG &

PG,PL/NUOSET &

PL B

LBLIO,NOSET &

USET GMoYSoKRF 5:G0 o oPG/PU.PS.PL 8

PUPSoPL B

LELYO 8

LLL pRAA P o LU KOO, PO/UL Y, VOOV RULY,RUOV/V ) No O ET /Y oV o ERESE =1/

Colo L/Vo R .EPSE &
EoSl o

ULY UOUDYRULY or'UDY $

LBL9, ERES &

3.3% -5 (9/30/78)
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ORIGENAL bruls 19
OF POOR QUALITY

RIGID FORMATS

RIGID FIRMAT OMAP LESTING

SERIES D

DISPLACEHENT APPROACH, RIGED FCRRAT 10

LEVEL 2.0 NASTRAN DMAP LOMPILER - SDURCE LISTING

118 (MATGPY

o0

110
12G LABEL

y

122 CHEPHTY

123 (5DRr2

124 PARAR
123

y

126 SAVE

127

08

128

129 SAVE
130 (PRTNSG

131 LABEL
132

833 (DSMGIL

i
P
pusd

13 CHRPNT
135
126

06

137 LABEL
136 PoRAH
139 PARAN

140 PaARANR

GPL o USEToSILIRULY/Z/C oNol
GPL o USE Ty STLs RUUYZ/C oNoU B
LELY 8

USET p gUL Y UDDV VS 0G0 oG o P S KF SoRES p7UGY o PG B/ CoNp 8/ CoNoDSO 8

UuV,0G &

CASECC,CSTHoMPT DI T,EQER) NoSILoGPTTEDT, BGPOT , 0 QGUGY . EST oo PG/

GPGL,0QG1,0U3 V1 ;0ES1 ¢ QEF 1 oPUGYL/CoNoPSO
27CoW o 4P YIV N L ARDND /C oM s 0/C oNoD 3
DUGYL,0PGLoUIGL oUEF L o DESE o //YoN,CARDNG 5
CARDNG 3

P2, SUMPPLOT §

PLTPARGPSETS+ELSE15.,CASECC BGPDT,EQEXTNSIL,PUGY Ly o GPECT,DESL/
PLUTX2/YoN oNSIL/V Ny LUSE T/VoN o JUMPPLOT/V JNoPLTFLG/V N, PFILE 8

PFILE &
PLOTX2/7 B
P2 S

FECI,EPT,BGPOT oSIL ,GP TV oL STM/RY o M2 XD ECPT GPCT/Y e NoLUS ET/
NOSIMP/L yNo O/ VoMo NUGENL/Y, Ny GENEL 8

CASECC  GPTToSILEDT UGV CETH MPTECPT o GPLY cDET/ZKDGG/ VYo MNe
OSCOSETS

K96G 3

NUALD ,4L0AD §

PUNA,PG 8

NOALO 8

2708 ) ADD/Y oN o SHIF 1/C oMo /C oM, 0

£7C 4% 48DD /Y N (COUNT/ VN s ALMAYSa=1 /Y (NoNEVERS 1 8
/70N ADD/Y N G0 SEPST /C o100 0/C1 1060 §

3.23-6 (9/30/78)
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ORIGINAL PAGE IS 4
OF POOR QUALITY |

STATIC AEROTHERMOELASTIC ANALYSLS WITH DIFFERENTIAL STIFFNESS

RIGID FIRMAY OMaAP LISYING
SERJES D

DISPLACENENT APPROACH, RIGID FURMAT le .

LEVEL 2.0 MASTRAN UY¥AP COMPILER = SOURCE LISTING

{

B4L BARAML  YS//CoNoNULL/C oNo/CoNo/C oo/ VN, NOYS ©

b2 OUTLP TOP 3
rf}.__[.' 143 OUTLP TOP 3
Li . 144 PGIPGL/NOYS §
3 [: 145 CHKPNT  PGL
% . 146 PARAR  //C,N,KLOCK/V¢NoTO 8
3 {t 147 KOGG s KONN/MPSF2 8
% _ 168 CHKPNT  KOWN §
E [i 149 LBL20MPCF2 8
5. 150 USET 4 GM o KDGGs ¢ o /KDNN 45 B
E; ﬁ 151 CHKPNT  KONN 8
r ' 152 LABEL  LBL2D B
3 F 153 KUNN  KDFF /SINGLE 8
E : 156 CMIPNT  KDFF 5
E ﬁ 155 L8L 30, SINGLE 8
E.” ” 156 GCEL D USET/KONNy s o/ KDFF oKDF SoKDSSo s s 8
,;ﬁ U 157 CHKPNT  KDFF,KUF 5,4DSS 8
L 158 LABEL  LBL3D &
f 159 KOFF KDAA /OME T §

H 160 CHKPNT  KCAA 8

. 161 (EOND_) LBLSD,OMIT 8
] g 162 USET, GO KDFF/KDAR §

, 163 CHXPNT  KDAA 8

H 164 LABEL  LBLSOD 8
i 165 aDO KAAKDAA / KOLL / CoMo8lo000000 / YoMN,CSIGN 8
i
a8
]
l
I

3.23-7 (9/30/78)
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RIGEID FNRVA™ NUAD LISYING

SERIES O

CISOLACEMENT APDANACH, RIGIN FCRWAT L& .

1686
1:3)

168
169

17)
1n
ir2
173
174
175
178
177
179
179
180
1Al
162
183
186
185
13:1.)
187
188
189
19¢

LEVEL 2.0 WHASTRAN DYAP COMPILER = SUJPCE LISTING y

5006070600000

SAVE

FaTP AL

gP 1P a3y

CHK oM T
@z >

POk A4

ORIGINAL PEGE [5
OF POOR QUALITY

RIGID FORMATS

HF3RDFS/ KBFS 7 Cofellodod0d) /7 Yoh,CSTUM 8
KESoHOSS/ HMASS /7 CofNollode0.0) 7 VN, CSION B
PEIULNDYE ¢

LA58 8¢ /PSS /7 oMo O/C oNgL/C N9l /CoMo) 9

KBES VS /OFS /0 oM00/C ool /CoNoLl/CoRel 8
LSET,PFS,PSS/PR/C JNoA/CoNoE/CoN,S B
PNP5R/IMPCF2

LBLEN J4PCF2 8

USTT PN /PG /T oNoB/C o NoR/C Aok S
LBLSN 8

P54ePG/PIG /0 N o (=1.040.01 $
POALOGL/ALLAYS §

PGIK 8

31, /8637 b

UGy / AURY B
KBLL/LBLL/V, NoPNUER 7V 4N NET §
PET,PCRER 8

LBLL

71741 ,C/CNGNET 8

21%0%00/C )N PLRER B

INLPYCP B

INLPICP 5

PIC A GRLEC RV R TT 8

NOALLoALCAD §

CATTCC BT ENS MIN AUV (ALEL D CSTHM, RAPNT /7 C(ASFCCA,CFOM2A /8. Yy
AORESS/SoVoATFPP AL Ny /0 oRo=L/Vo Ve I PRTCL/S Ny IFATL/V, VoS IEN/Y,

3.Y.-8 (9/30/78)
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4 I ORIGINAL PAGE 1S
OF POOR QUALITY |
E STATIC AEROTHERMOELASTIC ANALYSLS WITH DIFFERENTIAL STIFFNESS j

RIGIC FJIRMAT gMAP LISTING
SERIES I !

pre— 2
- 1'

DiSPLACEMENT APPROACH. RIGID FORMAT L6 .
g: LEVEL 2.0 NASTRAN UMAP COMPILER - SOQURCE LISTING !

P s b olier? o S el ¢

YodOR IGN/Y Yo FRCOOR/ Vo ¥oF YCOOR/Y oV FZCOOR & !

o 191 DUNE . IFALY, 8
- 192 PARAY  //C,NoMPY /¥oVoIPRICL /CaNoO i
* 1¢3 PARAM J7/CoN A0 /VoN,ALOAD /V,V:APRESS /V, Y, ATENP &
o 194  CONL NOAL L ,ALOAD & :
; . 195 P3 . GEOM3A.EQEXIN ,GEUM2/SLTA sGPTTALY ;o NOASL/Y o No NUGRAV FY o N, NOATL 8
E - 196 SLTA@GPUT,CSTM SILESToHPT GPTTACEDT ;MGG CASECCA;DIY /PGA /Yo

MoLUSET /CoNgls
197 Cabd PGl PGA /7 PL2 B

i

198 (ABEL NuaL ) 8
199 EQuUiv PGL,PG2 / ALOAD 38

1
9 v L

200 CHKPNY PG2 &

pPus- b R AC BT oS
i s

20l

g USET)GMoYSoKIFSsGUGoPG2 /,PBOIPBS,PBL 6
ii [— 202 (§5G3 D LBLLGKBLLIPBL 4o o/LBLY s eRUBLY 0/C N o= /V oY o LRES/Y oNoNDSKIP/Y s Ny
: EPSI 3
203 SAVE Epsl s

204 CHKPNT  UdLV,RUBLY 8

205 LGL2D,IRES &

LA Pt T4 PSRRI}
it

206 GFLsLSEToSIL RUBLY//C 4Ny B

g

207 LABEL LBL9J §

i 208 USETs (UBLY oo ¥ oGO (GM oPBS s KBF S oKBSS, /UBGY 04 0BG/ CoNol/ Colls OS T
& 209 CHKPNT  UBGY,uBG 3

210 NUAL 2,4L04D
gg 21 VBGV.AUGY 3

212 LABEL NOAL 2 &

213 UBGY s UGY/OUGY /C oM 5 [=1.000.00 3

e I

oo |
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ORIQHNAL PAGE 1T

OF POOR QUALITY
RIGID FORMATS

RIGID FIRYAT DMaP LISTING
SERIES D

DISPLACEMENT APPROACH, RIGID FORMAT L&
LEVEL 2.0 NASTRAN OMAP COMPILER =~ SOURCE LISTING

CASECC,GPTToSIL €D T UUGY oCSTM MPTECAT,GPCT o DIT/OKDGG/Y o Ny
DSCOSET ¢

.

214

215 CHEPNT OKDGG 8

217 PGIL.PGA / P12 &

0oe

218 PG2,PGL2,UBGY //C oVsEPSIOat.E=d /V N,DSEPSL / Co¥oNTa 10 /Yoo
TO /YN Tl /VeNDONE /VoNoSHIFT /¥ NoCOUNT/CoYoBETADSSE 8

219 SAVE OSEP S1oJONE SHIFT ,COUNT ¢

220 DUNE o UONE &

221 SHIFT.SHIFT 8

222 @OUIV D PGIPGL/NEVER §

9080

223 PGLLIPGL/ALWAYS 8
224 (ERULY PGL,PGIL/NEVER 8

225 IKLPTOP, LOOO &

00

22¢ PLILsFGL PGy 7/ B
22T LABHEL SHIFT 8

228 OKDGGIKOGG/KIGLL/C N l=4000.0) 8

y

229 CHKPNT KDGLL &

:

230 UBGY, USY/ALHA YS/KDGL L s KOGG JALBAYS &
23! CHKPNT KDGG %
232 KOGGeRIGGL/NE VER/LGY s UBG Y/NEVER &

23J) P OUTLPTJIP 1000 &

000

236 (JARPT KOGGLoKDGG UGB Yoo/ / B

235

-
-]
w
&

OONE §
236 PARAW F/Co oNOP / VoV KTOUTo=1 $

0

237 JHPR TOUTRTUUT $
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OF POOR QUALITY

STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNL3S

RIGID FUORMAT DHAP LESTENG
SERIES O

DISPLACENENT APPRUACH, RISID FORMAT L& '

238
219

240

241
242
243

244

245
244
247

268

249
250
251

252
253
254
255
256
257
ase
259

LEVEL .0 NASTROMN LMAP COMPILER - SOURCE LESTING

Bev

LBBEL
CHKPNT

808 8:00 0

SAVE
PRINSG

:

L ABEL

N

LABEL

PRTF ARR)

LABEL

=
-t
bl
B>
x

RGUeKOGG 7 HTUTAL 7/ Colpfda0,0.0) /7 VoNsCSIGN 8
KTOTALosoo /7 CoVelOCATION==1 / CoVoINPTUNITRO §

Dt neoo /7 Colo=3 7 ColNoO &

JHPRTOUT 28

C5TH 8

CASECC,EDT,EJERIN USGY o ALGOB (CSTHM,BGPOY / CASEGCLB G EUMIG /7CoNy
=M CoNe=17VY oV o STREAML/Vo Y oPGEON/Y o Yo I PRTCF/SoNy IFAILIY Vo B RGN/
Yoo DR IGN /Y, Yo F HCUUR/ Y, ¥oF YCOOR/Y V. FZCO0R §

CASECCsCSTMeMPT DI ToEQERINoSI LoGPTTEDTo BLPOT nQBGnUBG\IoES?qo’v
OURCLl,0UBGYL, DESB 1 ;OEFBL (PUBG'/L /C,N,DSY &

QULGY1,00BGL,OEFBL,OE SOLoo//VN:CARDND 8
CARDOND &

USET PG oUBLY poVS :600GHPBSKBF SoBSS o /7 AUBGY o APGG AQBG FCoNe
} /CoN,DSY 8

CASECC ,AUBGVY.KELMKOJC THECTEUEXEN,GPECT s APGE,4QBG JOUNRGY L,
DGPFUL / LoNo STATICS 8

ONRGY1y0GPFBloego // B

P3ruUMPPLOT &

PLTPAR GPSETS¢ELSETS,CASECC BGPOTEQERIN,SIL PUBGY) oo GPECT
DESB L/PLOTRI/VoNs NSIL/VoNoLUSET/ YV oNo JUMPPLOT/ Yo No PLYFLG/Y o Ny
PFILE &

PFiLe &

PLUTX3// &

P3¢

FINIS &

ERRUR1 &

F/CoN o= L/C Mo DIFFSTEF B

ERROR 2 &

17CoN o= 2/C o N, OLFF STIF 8
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ORIGINAL PAGE 5
A. I RIGID FORMATS OF POOR QUALI‘E’W‘;

RIGED FORMAT ORAP LISTING

: E SERIES 3
. 17}

UISPLACEHENT APPRJACH: RIGID FORNMAT Lé

i LEVEL 2.0 NASTRAN ONAP COMZILER = SOURCE LESTING . '
™ 260 LABEL ERWOR 4 8§
. 261 /760N - 6/C oM DIFF STIF 8
B 262 LABEL  EHAORS 8
. 263 /7CoN o= 5/C ;D 1FF STIF 8
- 266 LABEL  FINES &
[.’ 265 END 3

#6NQ ERRORS FOUND - E XECUTE NASTRAM PROGRAHS®

memne]

[—

‘I _f‘rr "'1“5‘ 7 - kSN
ER N R
R

X [ i
??_.‘ % -
By
[
SRt
?.

N TR
Ty~

- Tt e e T TR

ot R -
Arsmemes

Grstwmne | L-..—-»-«I

TEo sy 4 e SR O e 2
. h.‘.-‘-.‘ﬂ- ~ ™
i Ea e s s “
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1n.
12,
14,
17.
18.
20,

23.
27.

29,
33.

35,
37.
40,
41,
44.
45,
46,
47,

49.
51.
52.
56,

Uﬂ&ITV STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

3.2%.2 Descriptign of OMAP Operations for Static Aerothermoelastic Analysis with
erentia ness

GP) generates coordinate system transformation matrices, gables of grid
potnt locattons, and tables for relating internal and external grid point
numbers.

Go to DHAP No. 256 1f no grid point definition table.

GPZ gancrates Element Connectfon Table with internal indices.

PARAMR sets CSIGN=(SIGN, 0.0), where SIGN s «1.0 or -1.0 for analysis or
destgn type run.

Go to DMAP No. 21 1¥ no plot package is present.

PLTSET ¢ransforms user input into & ferm used to drive structure plotter.
PRTHSG prints error messages associated with structure plotter.

Go to OMAP No. 21 1f no undeformed structure plot request.

PLBT generates all requested undeformed structure pleots,

PRTHMSG prints plotter data and engineering data for each undeformed plot
genergted, .

GP3 generates Static Loads Table and Grid Point Temperature Table,

TA1 generates element tables for use in matrix assembly and stress
recovery.

Go to DHAP No. 256 and print error message 1f no structural elements,

EMG generates structural element matrix tables and dictionarfes for later
assembly.

Go to DMAP No. 39 if no stiffness matrix ¥s to be assembled.

EMA assembles stiffness matrix [K;g] and Grid Point Singularity Table.
Go to DMAP No. 43 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg]'

Go to DMAP No. 48 $f no welght and balance request.

Go to DMAP No. 260 and print error message ff no mass matrix exists.
GPHG generates weight and balance information.

@FP formats welght and balance information and places 1t on the system
output file for printing.

Equivalence [K;g] to [Kgg] if no general elements.

Go to DMAP Ho. 54 if no genergl elements,

SMA3 adds general elements to [K;g] to obtain stiffness matrin [K ].

GP4 generates flags defining members of various displacement sets (USET),

forms multipoint constraint equations [R_J{u_} = 0 and forms enforced
displacement vector {Ysl- g 9

3.23-13 (9/30/78)
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81.

G4.
65.
67.
68.

70,
72.

73.

75.

78.
80.
81.

83.
86.
B7l

ORIGINAL PAGE 13
RIGID 7ORMATS OF POOR QUALITY

Go to DMAP No. 262 and print érror message if no independent degrees of
freedom are defined,

Go tgngAP NHo. 63 1 no free-body supports supplied, otherwise go to DMAP
No. .

Go to DMAP No, 67 if general clements present.
GPSP determines 1f possible arid point singularities vemain.
Go to DMAP No. 69 {f no Grid Potnt Singularfty Table.

PFP formats table of possible grid point singularities and places it on
the system output file for printing.

Equivalence [Kggl to [Knn] §if no multipoint constraints,

Go to DMAP No. 77 {f MCE) and MCE2 have already been executed for turrent
set of multipoint constraints.

MCE1 partitions multipoint constraint equations [Rg] a [am:an] and solves
for multipnint constrafnt transformation matrix [6;] = -[R 1"V[R 1.

MCEZ partitions stiffness matrix

and performs matrix reduction
p T T T
[Road ° [ioed + CE10K 0D ¢ [T 306, ¢ 6730k 16 ).
Eauivalence [Knn] to [Kff] 1f no single-point constraints.
Go to DMAP No. 83 1f no single-point constraints.
SCEY partitions out single-point constrafints,
Kee | K
[Kpad © -+K—
st | ss
Equivalence [K. ] to [Kaa] if no omitted coordinates,
Go to DMAP No. 89 if no omitted coordinates.

SHP) partitions constrained stiffness matrin

|
a a0
4+ —
0a | Koo

a
=)

U‘ff] a

23

solves for transformation matrix [Goj 2 -[Kool“’fkoa]

a [ T
and performs matrix reduction [Kaaj [Kaa] + [Koa][GO].

3.23-14 (9/30/78)
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q OF P STATIC AEROTHERMOELASTIC AMALYSIS WITH DIFFERENTIAL STIFFNESS |
f‘ 90.  RNBG2 decomposes constrained stiffness mateix [K,,) = [L,,)70,,].
? i 92. 5SG) generates non-aerodynamic static load vectors {Pga}.
? ) 85. Go to DMAP No. 105 1f no aerodynamic loads. !
r' F} 96. ALG generates aerodynamic load dats. ' :
e ! !
e . 102, 5561 generates aerodynamic load vector {P:]. ;
SRS 04, Add {Pga} and [Pg} to form tota) load vector (P }, ;
. : ¥
;- 106. Equivalence {Pg} to {PgA} if no serodynamfc loads. '
] ;
i; - 108, Equivalence {Pg} to (P,} 17 no constraints applied . ! i
1 110.  Go to DMAP No. 113 if no constraints applied.
Q - 111. 5562 applies constraints to statfc load vectors
E- , Pn - T
ﬁ: o (Pgd = y—p (P} = (P }el6 1P }
- - |
- s f =
e~ | Pe .
E_:; f_li {Pﬂ} bod ‘;‘“’ s [Pf} a {Pf}'[Kfs]{Ys} ]
REEN 5
a0 \
- (
L. | [ s ' 1
Ei ! {Pfl = 1;— and (P} = {Pa}¢[GD]{P°)
A \ 0
E‘,i = 114, 5563 solves for displacements of independent coordinates
oo i
o L togd o [k 17N ePd
4 5 — solves for displacements of omitted coordinates
C L 1
- Wl = K17 'irg)
S
3. ‘: caleulates residual vector (RULV) and residual vector error ratio for
g~ - indecendent coordinates
# %}[} (6P£} = (P} - [Kyg)lug)
] 1 —
o | (ug}(sp,)
{3 ﬂ e ———
J LA {P]}uy}
4
ﬁ-\-< and calculates residual vector (RUPY) and residual vector error ratio
Jgé l | for omitted coordinates
A7 (895} = {Pg) - [Kyodlul} ,
R (ul (6P )
& l—f ﬁo o """—"'o—
1 {PI){ug)
: J D
: 3.23 -15 {9/30/78)
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118.
119,
121,
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126.
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128.
130.

132.

133.
135.
136.

142.

143.
144,
147.

ORIGINAL PAGE 18

RIGID FORMATS OF POOR QUALITY

Bo to DMAP Mo. 120 ¥ residual vectors are net to be arinted.
Print residual vector for independent coordinates (RULV).
Print residual vector for omitted coordinates {RUAV).
SDRY recovers dependent displacements

(ugd = [6,Huy) ¢ (ul)

{
2 {uy} ' {u }
- o= o u Lome = A ) [}
Uy e Yy "
\
4
Un
{u,} = [Gm]{un}. <-u— a (ug} .
m
\

and recovers single-point forces of constraint
T
{QS} o -{Ps} 4 [Kfs]{uf} + [KSSJ{YS}.

5DR2 calculates element forces and stresses (PEFY, BES)) and prepares load
vectors, displacement vectors and single-point forces of constraint for
output (BPGI, BUGYI, PUGYI, POGI).

PFP formats tables prepared by SDR2 and places them on the system output
file for printing.

Go to DMAP No. 131 If no static deformed structure plots are requested.
PLBT generates all requested static deformed structure plots.

PRTMSG prints plotter data and engineering data for ecach deformed plot
generated,

TAY generates element tables for use i{n differential stiffness matrix
assembly.

DSMB] generates differential stiffness matrix {ugg].
Go to DMAP No. 137 if no aerodynamic loads,

Equivalence {PNA} to {P_} to remove aerodynamic loads from total load

vector before entering differential stiffness loop. Hew aerodynamic loads
will be generated in loop.

Go to next DMAP instruction if cold start or modified restart. PUTLPTRP
wil)l be altered by the Executive System to the proper location inside the
1oop for uamodified restarts withtn the loop.

Beginning of outer loop for differential s¢iffness iteration,

Equivalence [Pg} to {Pg} {f no enforced displacements.

Equivalence [Kgg] to [K:nl if no multipoint constraints.

3.23-16 (9/30/74)
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STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

E 149, Go to DMAP No. 152 17 no multipoint constraints.
_ i 150, MCE2 partitions differentfal stiffness magprin
, % =d | .d '
g d Kan  am .
- F E: [ gg] a EE..f ]
br : [i7]}] mm 4,
o dq . rpd Tared d 1
! ﬂ: and :erf:rms matrix reduction (K 1 = [K ] ¢ (6 (K -} + (% 1[6.] ﬁi
I B + [6,)0K,,)(6,]. ;'
: o 153. Equivalence [Kﬂn] to [Kgf] i1f no single-point constrafnts. ;5
B 3 §
B ; " 165. Go to DHAP No. 158 1f no single-point constraints. :
v % . U
! § r= 156, SCEl1 partitions out single-point constraints :
s S
Sy 8 d " ed
s d cde 1,
-, I - o — 4n ——
3 L [ ,+ d
¥ - st | Kg
A
ET.? - ¥159. Equivalence [Kgf] to [Kga] if no omitted coordinates.
E% ﬂ 161. Go to DMAP No. 164 if no omitted coordinates.
2 f - 162. SMP2 partitions constrained differential stiffness matrix
Eﬁ b Rga ! Kgo
' d
S [Keed = 1— —+ —
: ! Kd Kd
N oa | "o
e d 1. rid d 4T Tp o
: . and performs matrix reduction [Kaa] [Kaa] + [Koa] (6,] » [Go] [Koa]
L]
vyl ¢ (641703, 306,1.
v
. 165. ADD [K,,] and [kJ,).CSIGN to form [K},].
; 166. ADD [k, ] and [KY 1.CSIGN to form [P J.
y- 167, ADD [K, ] and [KI J.CSIGN to form (K1,
it I
Py ‘ 168. Go to DMAP No. 178 if no enforced displacements.
;’ ‘_ 169. MPYAD multiply [k ] and (Y} to farm (P},
ZL‘; g% 170, MPYAD multiply [K?s] and {Ys} to form {Pfs}‘
E : 171. UMERGE expand {Pfs} and (P .} to form (el
il 174. UMERGE expand (P} to farm {Pg}.
rg =

]
176, ADD -{Pg} and {Pg} to form {ng}.
177. Equivalence {ng} to {Pgl}'

=}

T
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179.
180,
181.

184,

185.

186.

187.
189.
190,
191,

196.
1e7.

- 201,

202.

CRICINAL PAGE 18
RIGID FORMATS OF POOR QUALITY
ADD {Pg]) and nothing to create (Pgo}.
Copy {uy} to (ug} to initfalize aerodynamic displacements.

RBHG2 decomposes the combined differential stiffness matrin and elasgic
stiffress matrix. '

b b b
(68,1 = (b et ).

PRTPARM prints the scaled value of the determinant of the combined differen-
t1al stiffness matrix and elastic stiféness matrin,

PRTPARM prints the scale factor (power of ten) of the determinant of the
combined differential stiffness matrix and the elastic stiffmness matris,

Go to pext DMAP instruction {f cold start or modified restart., INLPYHP wil)
be altered by the executfve system to the proper location inside the loop
for unmodified restarts within the loop.

Beginning of inner loop for differentia)l stiffness jteration.

Go to DMAP No. 194 1f no aserodynamic loads.

ALG generates aerodynamic lToad data,

Go to DMAP No. 235 1f ALG fails to converge while generating aerodynamic
load data.

$SG1 generates aerodynamic load vector {Eg}.
A
ApD {Pgl} and {Pg} to form total load vector {szi.

$5G2 applies constraints to static load vectors

Pyt = {— : (ph) = (21 + [&]100]) ,

() & {~— , (ped = (S} - [k, 14V ),

8« J—}  and  (ed) = 105 4 [6]10621 .

$563 solves for displacements of independent coordinates for current differ-
eptial stiffness load vector.

b b 4«1, b
{uﬂ} o [KEE] {pl}

3.23-18 (9/30/28)
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STATIC AEROTHERMOELASTIC AMALYSIS MITH DIFFERENTIAL STIFFMESS | !

L

and calculates residual vector (RBULY) and residual vector crror ratio for
current differentfal stiffness load vecter

g

b b b b
(6p2) = (PP} - (kb 2tub)

b (ubiTiard)

==

s a
‘ b T By
[}
: 205. Go to DMAP No. 207 if residual vector for current differential stiffness |
! solution is not to be printed.
206, Print resfidual vector for current differential stiffness solution. u
; )
[: 208. SDRY recovers dependent displacements for current differentia] stiffnass
. solution )
(T b b b u: b
.. = o prove——. ]
{uo} [Golfua} 4 {uo } o, {uf} v
u

0

S

b

u
SRR CHL TS [ R
YS

=

b
t
L
) {ug}
Un

and recovers single-point forces of constraint for current differential
stiffness solution

R,

oo

b

(a2 @ -(PRrelxd T0ubbard 20v)y .

-l

210, Go to DMAP Mo, 212 if no aerodynamic loads.

z

211. Equivalence {ug} to (us} .
213, ADD -{u;} and (U} to form (Ud) .
214, DSNG) generates differential stiffness matrix [&Kgg] .

o |

216, MPYAD form load vector for inmer loop fteration.

—

o rsxd 1(uP
(py Vo Lok IMUghe (P, )

217, ADD {P_ )} and (PP} to form (P, } .
m 9 912
£18. DSCHK performs differential stiffness convergence checks.

226. Go to DMAP No. 235 if differential stiffness {teration is complete.

o]

22}, Go to DMAP Mo. 227 17 additional differential stiffness matrix changes are
. necessary for further iteratiaon,

= B3

222. Eaquivalence breaks previous equivalence of {Pg} to {Pglj .
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223,
224,
g2s.

226.

228.
230.

232.
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234,
237.
238.
239,
240,
243.

244,

245,

247,

248.

249.

250,

251,
253.

285,
257,

289,

REGID FORMATS ORIGINAL PaGE |3
. OF POOR GUALITY
Equivalence TPg } te (P,
n 9

Equivalence breaks previous equivalence of {991} to {Pg }.
n

Go to DMAP No. 187 for additfonal inner loop differential stiffness
fteration.

TABPT tabie prints vectors {P_ }, (P y}o and (P},
in 8 9

d d d
ADD -
DD [éxggl an: [Kggl te form [Kgg]]. d
Equtvalence (U d .
quivale g} to {ug} and [Kggl] to [Kgg]
Equivalence dreaks previous equivalence of [Kgg] to [Kgg] and {Ug) to (Ug}.
Go to DMAP No. 143 for additional outer loop differential stiffness {fteratipn,

d
TABPT table prints [Kggl]n [Kggj and (U},
Go to DMAP No. 241 if the total stiffness matrix is not to be saved on tape.

d
ADD [Kgg] and [mgg] to form [KTOTAL].
OUTPUTY outputs [KTOTAL) to tape.
OUTPUTY prints the nomes of the data blocks on the output tape.

ALG generates final serodynamic results and generstes GRID and STREAML2 bulk
data cards on the system punch, if requested.

SDRZ calculates element forces and stresses (PEFB), PESB1) and prepares
displacement vectors and single-point forces of constraint for output
(PUBGYY, PUBGV1, POBEY) for all differential stiffness solutions.

BFP formats tables prepared by SDR2 snd places them on the system output
file for printing.

SDRY recovers dependent displacements after differential stiffness loop for
grid point force balance.

GPFDR calculates for requested sets the grid potnt force balance and element
strafn energy for output.

OFP formats the tables prepared by GPFDR and places them on the system output
fite for printing,

6o to DMAP Mo. 254 if no deformed differential stiffness structure plots are
requested.

PLOT generates all requested deformed differenttal stiffness structure plots.

PRTNSG prints plotter data and engineering data for cach deformed plot
generated,

6o to DMAP No. 264 and make normal enit.

STATIC ANWALYSIS WITH DIFFERENTIAL STIFFNESS ERRPR MESSAGE WH. 1 -~ NO
STRUCTURAL ELEMENWTS MAVE BEEN DEFINED,

STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERROR MESSAGE N@. 2 - FREE BODY-
SUPPORTS NAT ALLOWED.

3.23-20 (9/30/78)
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261,

263

STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERROR MESSAGE N@, 4 - MASS
KATRINX REQUIRED FPR WEIGHT AND BALANCE CALCULATIONS.

STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERRPR MESSAGE NO, 5 - NM
INDEPENDENT DEGREES OF FREEDOM HAVE BEEN DEFINED,
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RIGID FORMATS

3N Automntic'Output for Statfc Aerothermoglastic Analysis with
Di{ferential SEi7rnass

oty

The vaTue of the determinant of the sum of the elastic stiffness and the
differential stiffness s avtomatically printed for cach differential stififnass
loading condition,

Iterative differential stiffness computations are terminated for one of 7ive
reagsons, Iteration terminatfon regasens are au;omatically printed in an {aformation

message, These reasons have the following meanings:

1. REASON O means the jteration procedure wag fncomplete at the time of exnit.
This fs caused by an unexpected fnterruption of the fteration procedure prior to
the time the subroutine has had & chance to perform necessary checks and tests,

ffot much more has happened other than to init{alize the extt mode to REASON 0.

2. REASON 1 means the fterat{on procedure converged to the EPSIP value
supplied by the user on a PARAM bulk data card. (The default value of EPSIP
1s 1.0E-5.}

3. REASON 2 means iteration procedure is diverging from the EPSID value
supplied by the user on a PARAM bulk dats card. (The default value of EPSIP
is 1.0E-5.)

4. vreason 3 means insufficient time remaining to achieve convergence to the
EPSIP® value supplied by the user on a PARAM bulk data card. (The default value
of EPSI@ is 1,0E-5.)

5. REASGCN 4 means the number of fterations supplied by the user on & PARAN
bylk data card has been met. (The default number of {iterations is 10.)

Parameter values at the time of exit are automatically output as follows:

1. Parameter DONE: =1 1s normaly + N fs the estimate of the number

of iteratfons required to achfeve convergence,

3,2} -22 (9/30/78)
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STATIC AEROTHERMOELASTIC ANALVSIS WITH DIFFERENTIAL STVIFFNESS ; ﬂ

2. Paramater SHIFT: +) indicates a return to the top of the ianer loop

wag scheduled; =1 indicates & return to top of the outer loop wos scheduled

Rl

following the current {teratien,

LA A

3, Parameter DSEPSI: the value of tha raiio of engrgy errar ta ratal

egnergy at the time of exit, !

ety T Tl T T

3

r
:
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RIGID FORMATS

3.2%.4 Case Control Deck DTI Table and Parameters for Static Aerothermoelastic
Knalysis with Difrerential Stiffness

The following ftems relate to subcase definitfon and data selection for
§tatic "2rrthermoelastic Analysis with Differentia) Stiffnpess:

V. The Case Control Deck must contain two subcases.

1,
_IE 2. A static loading condition must be defined above the subcase level with
& LOAD, TEMPERATURE{LOAD), or DEFORM selaection, unless a1l loading is
specified by grid point displacements on SPC cards,

An SPC set must be selected above the subcase lavel unless al) constraints

3
b

are specified on Gk_D cards,

4, Output requests that apply only to the linear solution must appear in the

L
B S T A U
.

AN |

first subcase.

Ty i)
o
.

Output requests that apply only to the solution with differential stiff-

ness must be placed in th: second subcase.

~

6. Output requests that apply to both solutions, with and without differen-

tial stiffness may be placed above the subcase leve.

7. Aerodynamic input for the Aerodynamic Load Generator (ALG) module is

o )

;g} {nput via data block ALGDB. This data block must be input using Direct
Table Input (DTI) bulk data cards. For a detailed description of the

T e e e e e i s i

f{f ALGDB data block {nput see Section 1,15.3.1 of the User's Manual,
) .
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STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS '
Pog, The fellowing output may be requested for Static Aerothermoelnstic Aralysis with
? - Differential Stiffness:
¥
E - 1. MNonzero Components of the applied static Yoad for the Yinsar solution at .
- [- selected grid points. .
~% 2., Displacement and nonzera componants ef the single-peint forces of con~ i
: {— straint, with and without differential stiffaess, at selected grid 3
L points. ‘
- . |
_j {. 3. Forces and stresses 1n selected elements, with and without differential ;
‘A; . stiffness.
5 (' 4, Undeformed and deformed plots of the structural model.
§ ¥ ‘? ] GRDPNT =- optional - & pesitive integer value of this parameter will cayse the
&-% Grid Pofnt Weight Generator to be executed and the resulting wefght and
> o~
E_i Ig batance information to be printed.
" ; . 2. WTMASS - optional - the terms of the mass matrix are multiplied by the rgal
-
k § [; value of this parameter when they are generated fn EMG.
E {['. 3. IRE5S - optional - a positive integer value of this parameter will cause the
?’é : printing of the residual vectors following the execution of 5SG3.
3o
o [. 4. COUPMASS - CPBAR, CPR@D, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPODPLT,
bt
. é CPTRPLY, CPTRBSL - optional - these parameters will cause the generation of
i fﬁ coupled mass matrices rather than lumped mass matricas for all bar elements,
%- rod elements, and plate elements that include bending stiffness.
.
4 i
% i 5. BETAD - optional- the integer value of this parameter is the assumed number of
4 {terations for the fnner loop in shift decisions for iterated differential
7

Sy
i I
[ IS—

seiffness. The default value is 4§ fterations.

NT - optional « the fnteger value of this parameter 1imfts the manimum number

o EEN e
[ LTSI
(-7

of 1terations., The default value is 10 iterations.

[ | -2
-1 o=
g frvom =t
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RIGID FORMATS

=

7. EPS1@ - optfonal - the real value of this parameter 1s used to test the con-

vergence of fterated differentisl stiffness. The default value 15 10'5. y

8, APRESS - optianal in static aerothermoelastic analysfs, A positive ipteger

Fa

value will generate acrodynamic pressures. A negatfve value (the defauit)

. = -
[ e R b g T A SR e T R,
” '

will suppress the generatfon of aerodynamic pressure lpads.

M
bt

ATEMP - optional in static aserothermoelastic analysis. A pesitive tnteger

e RN

value will gencrate aerodynamic temperature loads. A negative value (the

gafault} wil) suppress the generation of aerodynamic thermal loads. T

i

10, STREAML ~ optional 1n static acrothermoelastic analysts. STREAML=1 causes

—— ity
. 3

the punching of STREAML! bulk data cards. STREAML = 2 causes the punching of
STREAML2 bulk data cards. STREAML=3 causes both STREAMLY and STREAMLZ cards

[FRu—
|

to be punched. The default value, -1, suppresses punching of any cards.

e

11, PGEPM - optional 1n static serothermoelastic analysis. PGEDM=) causes the
punching of GRID bulk data cards., PGEOM=2 causes the punching of GRID,

;..
?,
4
>
gu?
. t
- b
E i (: , CTRIAZ and PTRIAZ bulk data cards, PGERM=3 causes the punching of GRID cards
P? f ) and the modified ALGDB table on OTI cards. The default, =1, suppresses punghe
y LT ing of any cards,
>
! 12. IPRY - optional in static aerothermoelastic analysis. If IPRT > 0, then
N
; ; fntermediate print will e generated in the ALG module based on the print
é | option in the ALGDB data table. If IPRY = 0 (the default), no fntermediate
E“F ¥ print will be generated. (IPRTCI, IPRTCL, IPRTCF)
r. -
;J
?' o 13, SIGN - optional 1n static aerothermoelastic analysis. Controls the type of
i
: - analysis being performed. SIGN = 1,0 for a standard analysis. SIGBN = =1.0
%’: . for a design analysis. The default is 1.0,
Y g |
T 4, ZBRIGN, FXC@@R, FYCPPR, FZCPAR - optional in static aerothermoelastic
' f analysts. These are modification factors. The defauls are IZPRIGN =-0.0,
[

FXCOOR = 1,0, FYCOOR = 1,0, and FZCOOR = 1.0,

3.23-26 (9/30/78)
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STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

KTOUT - eptional in static aerothermoclastic analyses. A pesitive tnteger
of this pavameter indicates that the wser wants to save the total stiffmess
matrix on tape (GINO file INPT) via the OUTPUTI modulg in the rigid Format.
The default s =1,
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I ORIGINAL PAGE (8 7.
OF POOR QUALITY ' ‘

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

:
3
Si' E . COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS
o J.aq DMAP Sequence For Compresser Blade Cyclic Modal Flutter Analysis !
;e ' ]
’ RIGED FIRYAT ULMAP LESTING )
AL SERIES D .

AERG APPROACH, RIGID FURM&T © 'uH

’
T T
2 H

LEVEL 2.0 NASTRAN DMAP COAPILER - SUURCE LISTING

e prr—
- b
N

aPY IONS IN EFFECT® GO ERR=2 NOLL ST NODECK NOREF NOUS € AR

1 BEGIN AERb NU.© CONPRESSUX BLADE CYCLIC HAODAL FLUTTER ANALYSIS 8 |

1

2 FIE PHIHL=APPEND/AJIL =AP PEND /F SAVECAPPEND/CASEYYSAPREND/ CL AK AL 0
APP ENOZUVG=AP PEND /UHHL=APPEND 8

GEIY L GEUMZ o /GPLEQE XINGPUT pLSTH,BGPOT pSEL/YoNAUSET/  Voldy
NOGPODT & :

et i b i

j

SAVE LUSET,NOGPDT 8 £y

LA

y

EXROR 1, NOGPDT %

R

Y

PURGE DIJE,D2JE /DI JE B S

[

y

&
5
6 CHKPNT  GPL,COEXIN.GPDT.C STM,BGPDT SIL &
7
8 GEUM2,LUERIN/ECT § ”";
. :

CHKPNT £CT ¢

B

GEUM3,EQEXING GEOM2/GPTTZYVoN,NOGRAY § |

B
[
o

o Ml CHEPNT  GPTT 8

+
o
N

@
—

ECTSEPT BGPDT o SEL oGP TT oL STH/EST yGEl oGPECT)/ VoMo LUSET/ Yoo i
NUSIMP/C oMo 1/ Vo N RUGENL/Yo AeGENEL 8 X

LR ke il Iohit s R A PRETRRTISL AEREC &t AN IR T Rk A NI

o
=g
-
m

' 13 MUGEWNL +NUSEMP oGENEL 5

14 ERRUH 1 HOSIMP §

y

15 PURGE DGPST/GENEL 8

. pORTY WA T
.-
-

156 CHKPNT EST,GPECT,GEl +UGPST 3

1?7 PARAN F/C M ADD/ Vo N oNURGUX/C oNo) /CoNsO 8

e L o
o

1 I
[Lpemp

18 PaRM 270N ADD/V N o+ NOMGG/C oNok/CoMNo0 8

19 PARAN £7 CoNyNOP 4 VoVoRUGINa-} §

e
zw‘:&ml

20 (GOND D  JHPKGGIN,KGGIN .
n 21 FICNoADD /YsNONOKGE X /CoNo-1 /CosD 8 '
11t 22 QUPUTTE /KTOTALis oo/ oV LOCATIUNS=1 /CoVol NPTUNIT=D 8

—omeme PR TR
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ORIGINAL PAGE |g

OF POOR
_R1GID FORMATS QuAaLITy

RIGED FORMAY DMAP L1STING
SEREES O

AERQ APPRUACH, RIGID FURMAT ¢

23
24
25
26

27
28
29
30
a1
32
33
34

35
36
37

38

39

LEVEL 2.0 MNASTrAMN DMAP COHMPILER ~ SOQURCE LISTING

EQUlY
CHEPNT

LABEL

)

SAVE
CHPNT

08

CHEPNT

LAGEL

0

CHLPNT

088

LABEL

:

CHiPiRT

i

CrkPn T

-
S\ &
L -
m
-

KrotAv (KGGH B
KGGX &
JHPEGGIN &

EST CSTHMPT,DIT,GEOM2 o 7KELM, KDECT o HELM, MDUICT oo /Y, No NOKGGX/ ¥y
HeNUAGG/C oN /T oMo 2CoNo /L o Yo COUPKASS/Co Yo CPOARIC ;¥ ,CPROD/  CoVo
CPOULDLZC, Yo PUUADZ/C oY CPTRIAL /C ¥ o CPTRIAZ/CoY ;CPTUBES Co¥ o
CPODPLT/Co Yoo PTRPLIZC oY, CPIRBSC 6

NORGG X, NUNGG §

RELMROICTMELHM ,MDICTY &

JMPKGGX (NDKGS 4§

GRPECT  KOIC T MELM/KUG X,GPST 8

RGGX,GPST &

JHPRGGR

ERRUR L4 HUMGG $

GPEC T MOICT MELM/MGG ¢ /CoMo~1 /Co Y oHTHASS=1.0 &

MGG B

LEPHG,GROPNT
BGPOT,CSTHEIERIN ¢MGG /USPHG/ Y oY o GRDPNT==2/C oV HTHMASS &
OCPAGor oo/ /7 8

LCPHG 8

®'GGX ¢ RGG/NDGE NL 8

®G6 &

LBYL ) ko, NOGENL §

GETsKGOA/RGGS VoM s LUSE T/V N NOGENL/Y oM NOSTHP &

RGG 5

LBLEL &

- CASECC,GEQHA.EQELIN, GPOT BGPOTCSTM/RG, JUSET ASETY Vol

3.24 -2 (9/30/78)
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ORIGINAL PAGE 1S

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

RIGID FURMAT DBAP LTSTiNG
SERIES 0

AERO LAPPRUACHy RIGIV FORMAT ¢

LEVEL 2.0 NASTHAN DMAP COMPILER - SQURCE LESTING
LUSET/ViNoMPLFL/VoNoHPCF2 /Y oho SENGLE/ VoNoUMBY/Y o Mo REACT/ Coido O/
VoMo REPEAT/VoNoNUSET/VeNoNUL/YoNoNOA/C Y oSUBID 8
©7 SAVE HPCFLoSINGLE,OMIT REAC ToNOSET oHPCF2 tRCPEAT o NCL, NOA 8
48  PARAY F/CoNNIOT/Y N REACDATA /V NoREACT &

49 EHRAUR it EaCLa Ta 3

y

50 PURLE GMy GAD/YPCFL/GO,GOU/ONET/HFS o QPC/SINGLE B

;

GEUM& EQEXIN, USET /CYCO/ VoVoCTYRE /7 WoNoNUGD 3
52 SAVE NUGL &

53  CHKPNT CvCL ¢

54 ERKUR 6,40G0 8

55 LBL4s GENEL 8

56 GPL  GP SToUSET s SIL/UGPST/Ve Ny NOGPST
57 SAVE  MOGPST 8

58 LUL 4 NOGPST §

59

o

0GP STsoveo// B
60 LABEL LtBL% &

6l KOG KNN/MPCFL /MGG o MNN/MPCF)Y 9

;

62 CHUPNT KN MNN &

y

0 LBL2.MPLFL 8
6% Cel USETRG/0M &
65 CHRPNT GN 8

1.3

y

USET s GM , KGG MGG o o /NN oMNN, o 8
67 CHRPAT  KNWoMAN &
68 LABEL  LBL2 &

69 KNMNoKFF/SINGLE ZHNN MFF /ST NGLE 6

:

70 CHRPNT  KFEMFF &

3.24-3 (9/30/78)
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ORIGINAL PAGE I8

OF POOR QUALITY
RIGID FORMATS

RIGID FURMAT DM¥AP LISTING
SERIES 2

AEHU APPRDACH, RIGID FURMAT 9

Tl
12
73
T4
1%
76
17
T4
79
80
81
82
a3

84
€S
86
av

88
89
20

21

®2
23

LEVEL 2.0 MASTRAN DMAP COMPILER = SOURCE LESTENG

W

CHKPNY
LABEL
UL

:

CHAPNT

iy

CHEPNT

CHIKPNT

LABEL

0

SAVE

08¢

SavE
CHRPNT

Il

SAVE
CHRPNT

LBL 2o SINGLE ¢

USET p KNN oMNNy o /KFF (KF S, oMFF, 0 8

WFFoKFS NFF ©

LBL2 3

KFFoKAA/OMIT/ MFF (MAA/JCAIT 8

KAAMAA §

LBLS.0MLIT & }

USET ohFF oo o /G0 KAA KCOoLODsopooe &

GU;KAA %

USET,GUMFF/HAL B

MAA B

LBLS 8

OYYAM ICS,GPLy SIL USE T/GPLD ST LD USETD ,TFPOULovo 000 EEDs EGOVIN/Y 5
NeLUSET/VNJLUSETO/VeNoUTHL/ Vo NoNUDLT/ Y oNg NUPSDL/ZY o NeNOFRL /Yo
NoNONLE E/VNo NUTRL /Y gNoNUEED/C oo/ Yo NoNJUE §
LUSETO ¢ NUUE NOEED %

ERRIR 2,NOEED 8

GO, GJO/NOUE /S M GMD /NCUE &

CYCD KAL) HAA oo ZHHEK pMAKoge 7 CoN,FORE /7 VeVYoNSEGSm~) 2VpV,
KRINDER==) / VoYCYCSER=-L / Collel / VoNoNOGDG &

NUGD $
KRR o HRR &
ERRIR 6 ,NOGT 5

M oMK s ¢ gEED » oCASECC / LARK oPHIK, o0EBGS /7 Co NoHODES /VoNe
NEIGY &

NEISY 8

LAMK oPHIR, CEIGS &

3.H-4 (9/30/78)
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ORIGKNAL PAGE 3
OF POOR QUALITY

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

REGID FORMAT DMAP LISTING
SENIES O

AERC APPROACH: RIGID FURMAY @

LEVEL 2.0 NASTRAN UMAP CUMPILER - SOURCE ALISTENG

w4 PARAY /L oNMPY / VN CARDND / CoNoO / CoNeO 8

95 UEIGS,LAMKy pp o // VoX,CARDNO 8

96  SAVE CARDYO 3

$7 ERROR 4;NETGY $

58 CYCO, oy oPHIKGLANK /oooPAlAcLAMA / CoNoBACK / VoYoREEGS /Vo¥,
KINDEX / VoYsCYCSEQ 7 Conol / YoNsNUGO 8

99 SAvE NOGT &

100 CHRENT LAHAPHIA &

101 ERROR &,NUGO 3

12 CSETs 0P IR, 0eGUGMoaKFSso / PHIG s / CoNol / CoNoREIG §

103 CASECC,CSTHMPT(DTT,EQEKINGSE Ly s oBGPDT oL AMAG ¢ PHIGIEST 00 / oo
OPHlGses / CoNGREIG 8

104 OPHIG s 4907/ ¥oNCARDNO

105 SAVE  CARUND $

106 EOT,USET 8GRI T,CSTH EQEXLNGM,GO / AERG, ACFT oFL IST, GTRA, PYECT/
VN e NR/Y ole NI /V oY 0idl NMACH/ Yo Vo MALHACH/ Yy Vo JREF/ VYo NTVPE/V o
NELGV/V, YoKINDEX==1 §

107 SAVE  NKeNJ .

108 CHAPNT  AERO.ACH T,FLISToGTRA (PVECT 8

109 PHIAPVECT, / PHIAKRy oo # CoNol 8

110 PHIAX ) 4AA PHLAR s gs / HE / CoNo3/CoNok/CoNol/CoNeD/CoNod 8

1 CASECCoMATPOIL (EQD YN 4 o TF POCL/K2 PP o H2PP (B2PP/V s NoLUS ETO/V s No
NUK2PP /V N NIMZPR /¥ NoNUBZ PP §

112 SAVE  NUK29PwUN2PP (NUB2PP §

113 PURGE K 200 /NDK 2P P /5 20D /NOM2PP/B2DD /NOB2PP 8

116 QUIV.) M2PP,420D/HUSET/B2PP (B2J0/NOSET/K2PP,K2DU/ NOSET 8

115 CRKPNT  K2PP o H2PP (5 2PP ,K2D0, 20D 820D 5

116 USETD,GH GO g0 0 0 1K 2PP s HZPP o B2 PP/ 5 0 0GRV ¢GOD0 K200 H2DD, 8200/ Cs Ne
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ORIGINAL PAGE o
RIGID FORMATS OF POOR QUKEM%

RIGID FURYAT DMAP LISTING
SERIES U

AERQ APPRUACH, RIGID FORMA YT @

Ly
L1186

119
120
121
122
123
126

125
126
127
128
129
130

131
132
133
134
135
136
137

LEVEL 2.0 NASVRAN UMAP CUMPILER - SUURCE LISTENG

CHKPIIT

0

SAVE
CHEPNT
PARANL
PURGE

Cuna

o

SavE

:

PARAM

PARAM

0

SAVE

J

-
o
o
m
-

0

-
r=d
rd
b=
=

5AvE

CHPLEVZC oMo DI SP /G oNoHMODALZC o NpQo 0/C o NoQ0/7C o NoD o0/V o N NOK2PP/Y
NoeNOMZPP /Y o Ne NUB2PP/ Vo NgHPCFL /Y oNoSENGLE/ZY o NoUNIT/ZY o NoNOUE/ C,
Mo~ /0 oNo=L /0 oNo=3/C clo=L 8

K200 M20D, 820 .600,MD 9

USETO ) PHIAKMT oLAMKoDE T, A2DD 820D, K200, CASECE 7 HHM BHH, HHM,
PHIDH 7 YoNNOUE/C oV oL MUDE $5999999/C Vo LFAE®D-.0/Co Y HFHEW= 0.0/
VoMo NOAZPP /Yoo NDBZPP/YVyNgNOR2PP/Y o Ne NONCUP/Y 2 4o FHODE/Co Vo
KDAMPa~ | &

NMONCUP , FMJDE 3

YHH: dHH KHHPHIDH §

PCDB//C}N;PRES/Can/CanICpNn/VpNnNUPCDd 8
PLISEIX,PLTPAK oGP SETS,ELSETS /7 NOPCDS B

P 2,4UPCON &

PCOB, EQOYNGELT / PLTSETA PLTPARGPSEVS ELSETS /7 VoNoNSILL /¥l
JUMPPLUT=-) &

NSIL 1. JUMPPLOT §

PLTSETx /7 &

FIC N MPY /YN PLTFLG /C ol ol /C o Nodl &
FIC oo MPY/ VN gPFILE/CoNeOQ/CoNGO &
P2, JUMPPLDT 8

PLTPAR ; GP SETS jELSETS JLASECCoBGPUT EQDVYNooog o/ PLOTRL/VoNoNSELL/
YoVNsLUSE TZVaN s JUMPPLUT /Y NePLIFLG/VeNWPFILE 5

JUMPPLUT PLTFLG ,PFILE ¢

PLOTAL 7/ 8

P2 s

ERRQOR 2 ,NUEED &

F7C 45 AVD/Y oN DESTRY/C oNoO/C oNel B

AERUGALP T/AJJIL o SHJD LK D2 JK/Y o N o NK/Y o No NI/ YV o M DESTRY &

DESYRY &
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ORIGHVAL PAGE 15
OF POOR QUALITY

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

Sy W @

& " RIGID FURMAT DMAP LISTING
£ SERIES U

AERC APPRUACH, REGID FORMAT %

LEVEL 2.0 NASTRANW DHAP COMPILER - SOURCE LISTING . !

138 CHRPNT AJJL SKSLDL UK D2JK &

. ot

139 NODJE »NUDJE &

e

150 JOYIJED2JIE 00 /C oY, PUSETI ONs=F /C o YoUNI TNUN= L/ CoVY o USRL ABEL®

&0

R T L T
o

A TAPELD 8
%'_ig 1 141 LABEL  NODJE &
'{ . 142 PIRAN 770 N GADDZYV N o XOHHL/C oNoL /C o W00 8
- 143 AJIL ¢ SR PD1JK oD 2% oG TRA s PHIDH (D1 JE D2 JE ,USET D2 AEROS GNHL 5 5 /Y,
;k * NoNOUEZV oM, HIHHL 5
§ 144  SAVE XQuAL 3
:: E—L 145 CHKPNT  OHHL &F
: . Y46 PARAH  Z/CaNgSPY/V N oNOP /C o No=b /CoNol 8
r 14T PARAY  //C,NoHPY/VIN GNOP /CoRob/CoNsR 8
! . te4s PARAN 70 N oeMP Y /Yl ¢ NDH /C o N 0/C oMl 8
{; 169 (BARAY D //C N MPY/V N FLOOP/Y ¥ \NUDJES-1/C N0 8

LOUPTUP b

B Y

L AdEL LUUPTOUP %

KHHy dHH ) MHH  JHHL yCASECC o FLY ST/ZFSAYE o K XHH o BRHHg HXHH/ Vo N, FLOOP/Y,
- NeT3lART 8

9908

. 153 SAVE FLUUP ; TSTART &

g T T S e TR RS

0876

154 KRHH BXHHMINH EED (CASECC/PHIN CLAMA  UCEIGS/VoN,EIGYS B
155 SAVE EIGYS %
156 LBLZAP,EIGYS 8

157 311 LOL 16,NUH &

o
$re e

158 (YOK CASECC EQDYN, USETD ;PHIH CLAHA, o /GPHIH /C N, CETGEN/ Co Ny MODAL /Lo

= NoB23/VoHoNUH /¥ o oNUP /Y, N, FHODE
Lyl h
N 159 SAVE NUHoNOP 8
160 LBL 16,HDH 3
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RIGID FURMAT DMAP LIESTING
SERIES u

AERD APPROACH, RIGID FURMAT %
LEVEL 2.0 NASTRAN OMAP COWPLLER - SOURCE LISTING

181 OPHEHe o000/ /VoN,CARDND ¢

142 SAVE CARLNU §

143 LAUEL LBL1G &

PHINCLAMAFSAVE /PHI KL CLAMAL (CASEVYY o OVG/ Voo TSTART/CoY o YRETS
1.0/C VY PRINT2YESB &

164

y

165 5AvVE TSTART 8

166 CHRPWT  PHIHL »CLAMALICASEYY OV §
\ CONTINUE,TSTART &

y

167
168 LABEL LBL2AP 5

o

| i 169 CONT INUE FLOJP §

} 170 REPY LOOPTOP 100

- 171 ERROR 3

: AT2 LABEL  CONTINUE 5

. 173 CHPRI  OVG 8

| 176 PAKAAL  KYCDB//CoNoPRES/S N9 /C oNo/CoNo/ ¥oNg NOXYCDB §

175 NDKYUUT,NOXYCDo
170 XYCIB 40VGy ¢ 06 ZXYPLYCE/CoNo G /CoN s PSET/ Vo No PFILE/Y o No CARDHO 8

177 SAVE PFILE ;CARUND &

178 QveLdl KYPLYCE// &

d

179 LABEL NOXYOLT &
180 PARAA F7CoN gAND/V ol o PIUMP/ 4 N NOPE=L1/ Yoo JINPPLOT $

184 CrabNT CPHLID &

181 FINIS,PJUSP
E 182 GDOACL) CASEYYoCLAMAL oPHIHL (CASECC vo/CLAHALL ¢ CPHIKL 4 LAS EZL, o/ CoNo
CEIGN 5
183 CPHIHLPHIDH/CPHID 5
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

RIGID FIRMAT UMAP LISTING
SERIES J

AERU APPADALH, RIGID FURMAT 9 '

185
1.1}
187
188
189
120
191
ie2
193
1924

195

196
197
198

199

200
201
202
203
204
405
206
207
208

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE ALISTING

EQU LY

008

LABEL
CHRPNT

Ui

YEC

SHVHERSIVEGH

FRTP ak M)
LABEL

PRYP ARY)

LABEL

PRTP ARM)

CPHID,CPHIPMNOA &

LBL 14 onuA &

USETO o oCPHED D ¢ oGUD (GHD o o KF S0 o /CPHEIP ¢ o GPC/Cov o)/ Co o DYNANECS &
LBLMG &

CPrlP +QPC §

CPHEVCPHIAMUUE §

LBLNOE ,NUUE &

USETO/RP’CiNODICONOA,c;NnE ¢

CPAIUO:RP/CPHIAonDICanilcoNo3 8

LBLNUE 8

CASEZZCSTHMPT I ToEQOVNoSILD ¢ 9BGPOT (CLANALL 9 OPCo CPHIPIEST o,/
s UIP CLoUCPHIP (UESCA UEFLL o PLPHIP/C N CEIGN &

PCPHILP B
UCPHIP UUPC L, UESL LoUEFCY oo/ /7 VoNCARDND 3
P 3, JUMPPLOT B

PLYPAR (GPSETS ;ELSETS LASE2Z2,BGPOT EQDVYNSILDy o PCPHIP, »/PLOTL Y/
Voo NSILL/VeN s LUSE T/ Yol o JUNPPLUT /Y NoPLTFLG/Y NoPFILE 8

PLOUTR3// 8

P33

FINES 5

ERAOR ] &
F7CsNe= 0 /Co N EFSUBSTN 8
ERKOR 2 &
F/CoHe=2/C¢NsFSUBSCN ¢
ERRDR3 &
//CoN=3/CoNo ¥ SUDSCN B
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ST
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LEVEL 2.0 NASIRAN DMAP COMPILER - SOURCE LESTING
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& r !
> ¥

ST

o 209 LabEL ERROR S 8

| r* 230 @RIPARD) //Coid o= 4/CoNsF SUBSUN 8

1 211 LABEL  ERROAS 8

212 74 CoNewé 7 3 oNoC YOHODES 3

213 LABEL ERHOR S &

B 214 /7 Colio=5 7 5 NoC YCHODES

215 LABEL FINTS &

B

: 216 ENC '

a0 ERRURS FOUNMD - EXECUTE NASTRAN PROGRAM%=C

SV YR SISO T AL

e

i

4
i
Sy
A
t
LI -
e 4
r v
;
r

3,29-10 (9/30/78)




pui

IR e
i

L

el o £ 50
-
1

Bl

|

':‘.-;3

SR

Fp—

FA

FR

L B — |

®-

3.24.2

3.

5,
8.
10,
12.

14,

20.
21,

22.

23.
26,

29,
30,
33,
34,
36,
37.
38,

40.
42.
43,
48,

49,

51.
54,

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

Description of DMAP Operatfons for Compressor Blade Cyclic Modal
utter Analysis

GP) generates coordinate system transformatton'matrlcos. tables of qriqd
point locatfons, and tables for relating intarnal ang exnternal grid
point numbers.

Go to DMAP No. 203 and print error message {f no grid points are present.
GP2 generates Element Connection Table with internal fndices,
GP3 generates Stat{c Loads Table and Grid Point Temperature Table.

TA) generates element tables for use in matrix assembly and stress
recovery.

Go to DMAP No. 203 and print error message if no elements have been
defined,

Go to DMAP No., 25 if stiffness matrix 1s not uyser input.

Set parameter NOKGGX = -1 so that the stiffness matrix will not
be generated in DMAP No. 26,

INPUTT) reads the user supplied stiffness matrix from tape (GIRO
f{le INPT).

X IN
Equivalence [KggJ to [Kgg].

EMG generates structural element matrix tables and dictionaries for
later assembly.

Go to DMAP No, 32 1f no stiffness matrix {s to be assembled.

EMA assembles stiffness matrix [K;g] and Grid Point Singularity Table,
Go to DMAP No. 203 and print error message [f no mass matrix exists,
EMA assembles mass matrix [Mgg].

Go to DMAP No, 39 if no weight and balance request,

GPUG generates weight and balance information.

fFP formats weight and balance information and places it on the
system cutput file for printing.

Equivalence [K;g} to [Kgg] if no general elements.
Go to DMAP No., 45 if no general elements.
SMA3 adds general elements to [K;g] to obtain stiffness matrin [Kgg].

GP4 generates flags defining members of various displacement sets
(USET), forms multipoint constraint equations [Rg]{ug) = 0,

Go to DMAP No. 211 and print error message if free-body supports
are present,

GPCYC prepares segment boundary table,
Go to DMAP No. 213 and print error message if CYJOIN data is inconsistent,

3.24-11 (9/30/78
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55.

56.

58.
59.

61.

63.

64.

65.

69.

71.
72.

75.

77.

RIGID FORMATS

Go to DMAP No. &0 {f general elements present.
GPSP determines {f possible grid point singularities remain.
€0 to DMAP. No. 60 {7 no grid point singularities remafa,

PFP formats the table of possible grid point singularities and places

{t on the system output file for printing.

Equivalence [K_ ] to [K__] and [M_] to [M__] if no multipoint
constraints., 2% nn 99 nn )

Go to DMAP No, 68 if MCE1 and MCE2 have already been executed for
current set of multipoint constraints,

MCEY1 partitions ﬁu]tipoint constraint equations [Rg] C [Rm fRn] and
solves for multipoint constraint transformation matrix [6_] =
=1
“[Rm] [RnJo
MCE2 partitions stiffness and mass matrices
= t

Krm_: Knm Mnn Mnm
[l(ggl s - '--- and [MggJ =
Kon t Kon Man Mom

and performs matrix reductions

[k, = [R,,] + [6430K,, 1 + [KD 106,] ¢ [6]30K 106, and

M0 = [A,,0 + [63IM, 3 + [M] 3060 + [6]1[m 106 1.

Equivalence [Knn] to [KffJ and [Mnn] to [MffJ if no single-point
constraints.
Go to DMAP No, 74 if no single-point constraints.

SCE1 partitions out single-point constraints.

1 ]

Kee 1 Krs Meg 1 Mg
! |

[Koad = miniede el and M,,1 = -—--E-----
' i . !

Keg 1 Kgg Mse 1 Mss

Equivalence [Kff] to [K,,] and [Mff] to [M;,] {f no omitted degrees

of freedom.

Go to DMAP No., 82 {f no omitted coordinates.

3.4 -12 (9/30/78)
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78,

80.

83,

BS.

86.

87.
9a.
91.

a5,

97,
98.

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS
SMP) partitions constrained stiffness matrix

¢ '
“ae : Kao

K K

[Kegd = =Tt
R L1 ; 00

and solves for transformation matrix [GOJ = -[Kooj"[Koa]
and performs matrix reduction [Kan - [E;a] ¢ [KIB][GDJ.

SMP2 partitions constrained mass matrix

[Hegd = frmmbmmem

oo
and performs matrix reduction
[W,,] = [R,, 0+ (Ml 306, + [6]I(n,, 206,] + [6730%,,].

DPD generates flags defining members of varfous displacement sets used
{n dynamic analysis (USETD), tables relating internal and eaternal

grid point numbers, including extra points introduced for dynamic
analysis, and prepares Transfer Function Pool and Eigenvalue Extraction
Data,

go to DMAP No. 205 and print error message if no Eigenvalue Extractfon
ata.

Equivalence [GOJ to [GgJ and [GmJ to [G:] if no extra points introduced
for dynamic analysis,

CYCT2 transforms matrices from symmetric components to solution set.
Go to DMAP No. 213 and print errcr message if CYCT2 error was found.
READ extracts real e{genvalues from the equation

[Kyp = AMJlu, b =0,

and normalizes efgenvectors according to one of the following user
requerts:

1} Unit value of seiected coordinate

2} Unit value of largest components

3} Unft value of generalized mass.

@PFP fermats efgenvalues and summary of eigenvalue extraction infor-
mation and places them on the system output file for printing.

Go to DMAP No. 209 and exit if no efgenvalues found.

CYCT2 finds symmetrfc components of e{genvectors from solution set
eigenvectors.

3.29y-13 (9/30/78)
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102,

103,

104.

106,

109.

110.

11,

114.

116.

RIGID FORMATS

Go to DMAP No. 213 and print error mess> -~ if CYCTZ error was (ound,
" SDR) recovers dependent components of th. - envectors

¢a

(g} = [6,]Me,} -t 2 {d;}
¢0

féf

*u = [¢n} 1 ] {¢m} [Gm}{¢'nl T

¢5

\J

4

¢n

SDRZ prepares eigenvectors for output (ZPHIG).

PFP formats tables prepared by SDRZ and places them on the system
output file for printing,

APDB processes the aerodynamic data cards from EDT. AERD and ACPT
reflect the aerodynamic parameters. PVECLT is a partitioning vector
and GTKA is a transformation matrix between aerodynamic (K) and
structural (a} degrees of freedom.

PARTH partitions the eigenvector into al'l sine or all cosine
components.

SMPYAD calculates modal mass matrix
- x4T A
1 = LeX¥17 v,,1 [e)]
. 2 2 2
MTRXIN selects the direct input matrices [Kpp]. [Mpp]. and [Bpp].

Equivalence {Hip] to [Hgd]. [ng] to [Bﬁd] and [Ksp] to [Kng if no
no constraints applied, .

GKAD spplies constraints to direct input matrices [K:p]n [Mspj, and

[Hsd}, and [Bﬁd] (see Section 9.3.3 of the Theoretical Manuval) and
forms [Gmd] and [God].

3.29-14 (9/30/78)
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139.
140,

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

GKAM selects eigenvactors to form [@dhj and assembles stiffness, matrices

and damping matrices tn modal coordinates:
ki
[Kypd = [‘0'

[Mhh] 8 fl's‘ég] + [@;h][ndadlladh] *

}3] ¢ LogyJIk3Moy,) o

b [l
[Bppd = [‘5'?3] S ONIURIT

where
KDAMP = 1 KDAMP = ) (de¢fault)
my = modal masses me = modal masses
by = my 2w fig(fi) by = 0 ‘
ky = oy an’ 7 ky = Q+ig(fy)) 4n fim,

Go to DMAP No, 133 if no plot package is present,

PLYSET transforms user {input into a form used to drive structure
plotter.

PRTHSG prints error messages associated with structure plotter,
GO0 to DMAP No. 133 if no undeformed aerodynamic structure plut regquest.
PLOT generates all requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed
aerodynamic plot generated.

Go to DMAP Mo. 205 and print error message if no Eigenvalue
Extraction Data.

AMG forms the aerodynamic materix ltist [Ajj]. the area matrix [Skj]'

and the downwash coefficients [o;kJ and [o;kj.
Go to DMAP No. 141 if no user-supplied downwash coefficients.

INPUTT2 provides the user-supplied downwash factors due to extra
2
points([D;.. D4 1). ‘

3.24-15 (9/30/78)
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RIGID FORMATS

AMP computes the aerodynam{c matrin 1{st related to the medal
coordinates as follows:

®aq i ¢ae
Logy) =f~=- beem-

[6q) = [6],37(0,¢)
¥
et ! e

[o4yd « Lo} § 0,1 [04,1 = (03,3706,

(03,1 « [03, | 0,23 (03,1 = [03,17[6,,3

For each {m,k) patlr:
[0yp] = IDgR1 + (KID4R]

for each group:

(0,0 = [AJ;0 o 0, [0,) sroue
[Qup] = [5y3004,]

[Qy,] = [6,,370Q,,]

[9n] .

%in

qeh

PARAM i{nitializes the flutter loop couter {FLPEP} to zero.

Go to next DMAP instruction {f cold start or modified restart,
LAPPTEP will be altered by the Executive System to the proper
location inside the loop for unmodified restarts within the loop.

Begi{nning of laop for flutter.

FA1 computes the total herodynamic mass matrin [Mah}, the total
aerodynamic s*iffness matrix [KﬁhJ and the total aerodynamic

damping matrix {Bﬁh] as wel) as a looping table FSAVE. For
the K-method

Map @ (RE/BT)M, 4 (p/2} Qpy
A
K ° Kan o

)4
ahh w

3.34-16 {9/30/78)
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COMPRESSOR BLADE CVCLIC MODAL FLUTTER ANALYSIS

CEAD extracts complex cigenvalues from the equation
b E— ] X o
[(Mapp® ¢ Bppp ¢ Kypliopt = 0
and normalizes efgenvectors to unit magnitude of Targest comppnent.
Go to DMAP No. 168 17 no complex efgenvalues found.

Go to DMAP No. 163 1f no output request for the extra points {ntroe
duced for dynamic aralysis or modal coordinates,

VDR prepares efgenvectors for output, using only the cxtra pofnts
introduced for dynamic analysis and modal coordinates.

Go to DMAP No. 163 {if no output request for the extra points
introduced for dynamic analysis or modal coordinates,

OFP formats eigenvectors for extra points {ntroduced for dynamic
analysis and modal coordinates and places them on the system output
file for printing. .

FA2 appends eigenvectors to PHIHL, eigenvalues to CLAMAL, Case Contro}
to CASEYY, and V-g plot data to OVG.

Go to DMAP No. 172 if there fs insufficient time for another
flutter loop,

Go to DMAP No. 172 if flutter loop complete.

Go]to OMAP No. 207 for additiomal aerodymamic configuration tripiet
values.

Eo to DMAP No. 179 if no X-VY plot package is present,

XYTRAN prepares the input for requested X-Y plots,

AYPLOT prepares requested X-Y plots of displacements, velocities,
accelerations, forces, stresses, leads or single-point forces

of constraint vs. time,

Go to DMAP Ko, 215 if no output requests involve dependent degrees
of freedom or forces and stresses.,

MODACC selects a 1ist of eigenvalues and vectors whose imaginary parts
{velocity in input units) are close to a user input list.

DDRY transforms the complex efgenvectors from mopdal to physical
coordinates

[@g = [¢dh][¢hJ .
Equivalence [¢;J to [@3] if no constraints applied.

Go to DMAP No. 188 if no constraints applied,

3.29-17 (9/30/78)
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RIGID FORMATS
187, $DR1 recovers dapendent components of elgenvecters

€ d L
tog) = [65)0e5} g‘;% o 1@? *05)

@:"'@g ¢ c <

) m d c c
RS I log + 85) o (o) [6,01eg ¢ 05} &

@
[+ [
br t bl = 0D
" p
be

and recovers single-point forces of constraint (qsl a
T o0 { _ rqoC
[Kfs]{éf}“ l-lE} {QP)

190, Equivalence {@2] to [@SJ {f no extra points introduced for dynamic
analysis.

19, Go to DMAP No. 194 if no extra peints present,
192, YEC generates a d-size partitioning vector (RP} Ffor the a and e sets,

1903, PARTN perforps partition of [@j] using RP,
(og) = Ja_

198, SDR2 calculates element forces and stresses (GEFCY, PESC)) and
prepares eiqenvectors and single-point forces of constrafnt for

output {PCPHIP, PQPCI). 1t also prepares PCPHIP for deformed plotting.

197, @F® formats tables prepared by 5DR2 and places them on the system
gutput file for printing.

1¢8. Go to DMAP No. 194 if no deformed structure plots are requested.
199, PLAT prepares all deformed structure plots.

200, PRTHSE prints plotter data and engincering data for cach deformed
plat gencrated.

202, Go to DMAP No. 215 and make normal exit.

204, M@DAL COMPLEX EIGEWNYALUE ANALYSIS ERRPR MESSAGE N@i. 1 - MASS MATRIX
REQUIRED FOR MBDAL FERMULATION.

206. N@DAL CEMPLEX EIGENVALUE ANALYSIS ERRQR MESSAGE NG,

2 - EIGENVALUE
ENTKACTION DATA REQUIRED FOR REAL EIGENVALUE ANALYSIS.
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208,

210.

212.

214,

COMPRESSOR BLADE CVCLIC MODAL FLUTTER ARALVSIES

MODAL CPMPLEX EIGENVALUE ANALYSIS ERRPR MESSAGE NO.

EXECUTE MPRE THAN 100 LOQPS.

MODAL COMPLEX EIGENVALUE ANALYSIS ERROR MESSAGE NO.

VALUVES REQUIRED F@R MPDAL FORMULATI@N.

NBRMAL MPDES WITH CYCLIC SYMMETRY ERRPR MESSAGE NO.

SUPPPRTS NBT ALLOUED,

NORMAL MODES WITH CYCLIC SYMMETRY ERROR MESSAGE NO.

SYMMETRY DATA ERR{R,

3.%-19 (9/30/78)
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3.24.3 Qutput for Compressor Blade Modal Flutter Analysis

The Rea) Eigen value Summary Table and the Real Eigenvalue Amalysis
gummary, as described under Normal Mode Analysis, are autematically printea.
A1l real efgenvalues are included aven though 811 may not be used in the

modal formulation.
The grid point singularities from the structural model are alsa output.

A flutter summary for each value of the configuration parameters is
printed out 1f PRINToVESB, This shows p, k, 1/k,q, 0 *V V, 9 and

sound®
for cach complex eigenvalue,

V-9 and Y-f plots may be requested by the XYAUT control cards bv
gpecifying the curve type as VG. The “pofnts” are loop numbers and the

“componants® are 6 or F,

Printed output of the following types, sorted by complex eigenvalue
root number (SORTH) and (m, k, p) may be requested for all complex efgenvalues
kept, 8s elther real and imaginary parts or magnitude and phase angle

(0° - 360° lead):

1. The efgenvector for a list of PHYSICAL points (grid points,
extra points) or SPLUTION points (modal coordinates and extra points),

2. Monzero components of the single-point farces of constraint for
a tist of PHYSICAL points,
3. Complex stresses and forces in selected elements,

The QFREQUENCY case control card can select a subset of the complex cigenvectors

for data recovery. In addition, undeformed and deformed shapes mav be reauvested,

Undeformed shapes may include only structural elements.

3.2%-20 (9/30/78)
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSES

3.¥ .4 (ase Coﬁtrol Dack and Paramaters for Compressor Blade Cyelic

e B = B A

Modal Flutter Analysis ;

Oaly one subcase is allowed

Fpme |

Desired direct itnput matrices for stiffness {mzppj, nass [NZPPJ° and .

TR T 2% s 1t g r-iran Bnliwh SRS GGyt ot ol S G b L D ap R A

T
,..i

damping [szpl must be selected via the keywords K2PP, M2PP, ov ,
B2pPpP.
3. CMETHOD must be used to select an EIGC csrd from the Bulk Data Deck,

La o
- !

4. FMETHBD must be used to select a FLUTTER card from the Bulk Data Deck. !

5. METHOD must be used to select an EIGR card that exists in the Bulk
Dats Deck,

6. SDAMPING must be used to select & TABDMPT table {f structural damping

LI | P |

i{g desfred,
7. An SPC set must be selected unless the model is a free bodv or al?

constrafnts are specified on GRID cards, Scalar Connection Cards or

R T !

with General Elements.

8. Each MASTRAN run calculates modes for only one symmetry tndex, K.

[

The following user parameters are used in Compressor Blade Cyclic Modal

Flutter Analysis.

[ o il
1

e

1, GRDPNT ~ optional - A positive integer value of this parameter will

cause the Grid Point Height Generator to be executed and the result-

- & - Wy TF
PR ]

ing welaht and balance infarmation to be printed. All fluid related

masses are ignored.

Wty
Trsantma
Tarormam

~nN
-

HIMASS - optional -~ The terms of the structural mass matrin are

multiplied by the real value of this psrameter when they are

i—mw.-—.-!

gcnerated in SMA2, HNot recommended for use in hvdroelastic
problems,

3. CPUPMASS - CPBAR, CPRED, CPOUAD), CPNUAD2, CPTRIA1, CPTRIAZ,
CPTUBE. CPODPLYT, CPTRPLT, CPTRBSC - optional - These parameters

L] "'erz

=i

will cause the generation of coupled mass matr{ces rather than

Tumped mass matrices for all bar elements, rod elements, and plate

elements that include bending stiffness,

g
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10.

v,

RIGID FORMAT

LFREQ and HFREQ - required unless LMBDES 15 used. The real values

of these parameters gfve the frequency range {LFREQ is lower

1{mit and HFREQ 1s upper limit) of the modes to be used jn the

modal formulatfon. To use this option, LMPAOES must be set to 0.
LMPDES - used unless set to 0. The integer value of this parameter

fg the number of lowest modes to be used imn the modal formulatfon.

The defalult value wil) request a)) modes to be used.

NPOJE - optional in modal flutter analysis. A positive integer

of this parameter indicates that user supplied downwash matrices

due to extra pofnts are to be read from tape via the INPUTTZ
module in the rigid format. The default value is -1,

P1, P2 and P3 - required in modal flutter enalysis whan using

HODJE parameter. See Section 5.3.2 for tape operation parameters

required by INPUTT2 module. The defaults for P1, P2, and P3 are

=1, 1) and TAPEID, respectively.

YREF - optional In modal flutter analysis. Velocities are

divided by the rea) value of this parameter to convert unfts

or to compute flutter indices. The default value is 1.0.

PRINT - optional In modal flutter analysis. The BCD value NP,

of this parameter will suppress the automatic printing of the

flutter summary for the k method., The flutter summary table

will be printed if the BCD value is YES for wing flutter, or

YESB for blade flutter. The default is YES.

CTYPE - required - the BCD value of this parameter defines

the type of cyclic sysmetry as follows:

{1) RAT - rotational symmetry

{2) DRL - dihedral symmetry, using rfght and left halves

(3} 03A - 2thedral symmetry, using symmetric and anti-
symmetric components

NSEGS - required - the integer value of this parameter is the

number of fdentical seqments in the structural model.
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13.

14,

5.

16.

17.

18.

k]
i
COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

gggggg'- optiona) - the {nteger value of this parameter specifies ;
the procedure for sequencing the equatfons fn the solution sat. % ,
A value of ¢1 spacifies that all cosfre terms should be sequanced §
beforg all sine terns, and & value of =1 for altarnating the ;
cosine and sine terms. The default value is -1. i
KINDEX - required in compressor blade cyclic modal flutter amalysis, %
The integer value of this parameter specifies & single value of
the harmonic {ndex. ; 3
MINMACH - optfonal in blade flutter analysis. This {5 the min{mum é

]

Mach number above which the supersonic unsteady cascade theory is
vaolid, The default {s 1,01,

MAXMACH - optional in blade flutter anglysis. This ts the mazimum
Mach number below which the subsonic unsteady cascade theory is
valid., The defeult value is 0.80. !
IREF - optional 1n blade flutter analysis, This defines the
reference streamline number, IREF must be equal to a SLN aon 2
STREAMLZ bulk data card. The default value, «1, represents the
stresmsurface at the blade tip. If IREF does not correspond to
a SLN, then the default will be taken.

MIYPE ~ optional in cyclic mudal blade flutter analysis. This .
controls which components of the cyclic modes are to be used in f‘
the modal formulation., MTYPE = SINE for sine components and
MTYYPE = COSINE for cosine components. The dafault BCD value f{s
COSINE,

KGGIN - optional in blade flutter analtysis. A positive integer
of this par-mneter indicates that the user supplied stiffness
magrix 1s to be vread from tape (GINQ file INPT) via the

INPUTT] nodule in the rigid format. The default is -1,
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RIGID FORMAT DIAGHNOSTIC MESSAGES

6,7,1,16 PRigid Format Error Nessages for Static nerothermoelastic Analysis with

fif{erentiagl Stif¢fness
HB. t - HNE STRUCTURAL ELEMENTS WAVE BEEMN DEFINED,

The didferential st{ffness matrix is aull because no structural elements
have been defined with Connection cards,

NP. 2 - FREE EPDY SUPPPRTS NAT ALLPUED,

fFrec bodies are not allowed in Static Analysis with Differentia)
Stiffness. The SUPPORT cards must be removed from the Bulk Dats Deck

and other constraints applied {f required Ffor stability.
Wp., 4 - BMASS MATRIX REQUIRED FOR WEIGHT AHD BALANCE CALCULATIMNS,

The mass matvrix s null because either no elements were defined with

Connection cards, nonstructural mass was not defined on 2 Propurty card,
or the density was not defirad on a faterial card.

HE, 5 - U INDEPENDENT DEGREES QF FREEDAM HAVE CEEN DEFINED.

Either no degrees of freedom have been defined on GRID, SPOINT or Scalar
Connection cards, or al) defined degrees of freedom have been constrained

by SPC, MPC, OMIT, or GROSET cards, or grounded on Scalar Connection cards.

6.1-7a (9/30/78)
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RIGID FORMAT DIAGHOSTIC MESSAGES

6.1.3.3 RBigid Format Error Messages for Compressor Blade Cyclic Modal Flutter

Analysis.

NB, T - MASS MATRIN REQUIRED FPR MPDAL FRRMULATIEN

The mass matrix s nul) because either no structural elements were defined
with Conmection cards,nonstructural mass was not defined on a Property card
or the density was not defined on a Material cavd.

WP, 2 - EJGENVALUE EXTRACTIQN DATA REQUIRED FOR REAL EIGENVALUE AHALVSIS

Eigenvalue extraction data must be supplied on an EJGR card and METHRD
must select an EIGR set in the Case Controi Deck,

NP, 3 - ATTENPT TP EXECUTE MPRE THAN 100 LPOPS.

An attempt has been made to use more than 100 different sets of direct
fnput matrices. This number can be increased by altering the REPT fnstruc-

tion following FAZ2.
NG, 4 - REAL EIGENVALUES REQUIRED FQR MPDAL FRRMULATIQN.

No real eigenvalues vere found in the frequency range Specified by the
user,

NP. 5 - FREE GPDY SUPPPRYS NPT ALLOVED,
Free bodies are not allowed in Statics with Cyclic Symmetry. The SUPPART,
cards must be removed from the Bulk Data Deck and other constraints
applied if required for stability,.

Np. & = CYCLIC SYNMETRY DATA ERRPR.

See Sectfon 1.12 for proper modeling techniques and corresponding PARAM
card requirements,
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NASTRAN DICTIONARY : i

w—y g

A P Parameter vatue used to cuntrol utility module MATGPR print of
g A-set matrices.
,f_: ABFL DBM [Ab.ﬂl] - Hydroelastic boundary area factor matrix. ‘
13 g’ ABFLT DBM Transpose of [Ay 1. . |
) " ACCE Ic Abbreviated form of ACCELERATION. |
A, A
i3 ACCE IS Acceleration output requests. :
T .‘
LE a"' ACCELERATI{N IC Output request for acceleration vector. {UM-2.3, 4.2} .’
¥
’}' I‘ ACPT DBT Aerodynamic Connection and Property Data.
bt Active column PH Column containing at least one nonzero term outside the band, ’ | ]'
i"‘; !' ADD FMM Functional module to add two matrices together,
E{ . ADD M Parameter constant used in utility module PARAM.
EE - ADD5 FMM Functional module to add up to five matrices together.
J? ADR FMS Aerodynamic data recovery.
th
¥ ADUM] I8 Defines attributes of dummy elements 1 through 9.
3 1 ; AEFACT 1B Used to input 1ists of real numbers for aercelastic analysis.
‘gi AERD 0BT Aerodynamic Matrix Generation Data.
N
E‘} ( AERD 1B Gives basic aerodynamic parameters.
Ei AERDF 1 Aerodynamic force output request.
£ .
"t (— AERPF@RCE I1C Requests frequency dependent aerodynamic loads on interconnection
;-"g\ ) points in aeroelastic response analysis.
i [_ AJJL DBML Aerodynamic Influence Matrix List.
:{‘ .. ALG FMS Aerodynamic load generator.
i)
- ALGDB 110 Aerodynamic Load input for ALG (D-18).
E : ALL 1c Output request for all of a specified type of output.
ALLEDGE TICS IC Request tic marks on all edges of X-Y plot.
[ ALDAD P Set negative if no aerodynamic loads (D-16)}.
ALTER IA Alter statemant for DMAP or rigid format.
[5 ALWAYS P Parameter set to -1 by a PARAM statement.
AMG FMA Aerodynamic Matrix Generator.
r; AMP FMA Aerodynamic Matrix Processcr.
! AND M Parameter constant used in executive modute PARAM.
E ADUTS M Indicates restart with solution set output request,
APD FMA Aerodynamic pool distributor and element generator.
; APDB Fus Aerodynamic pool distributor for blades.
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iB
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1C
DBT
1C
DRT

IB

1B

Ic

I8

NASTRAN DICTIONARY

Contro) card which specifies approach {DISP, DMAP, MEAT or AERB)
Approach flag used for modules with severa) functions.
File may be extended (see FILE).

Positive Yalue generates aerodynamic pressures,
Assemble substructure OMAP.

Analysis set coordinate definition card,

Analysis set coordinate definition card.

Positive value generates aerodynamic temperatures.
Requests X-Y plot of autocorreiation function,
Autecorrelation function table.

Defined orientation of object for structure plot.

Generated by Input File Processor 3 {IFP3} for axisymmetric
conical shell problems.

Axisymmetrical conical shell definition card. When this card
is present, most other bulk data cards may not be used.

Controls the formulation of a hydroelastic problem.
Indicates restart with conical shell or hydroelastic elements.

Selects boundary conditions for axisymmetric shell problems
or specifies the existence of hydroelastic fluid harmonics.

Controls the formulation of acoustic analysis problems.
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CSLAT3

cs5LpeTe
cs
csp
CSTM
CSTM
CSTMA
CTETRA
CT@RDRG
CTRAPRG
CTRBSC
CTRIAY
CTRIA2
CTRIARG
CTRIM
CTRMRM
CTRPLT
CTRPLT1
CTRSHL
CTUBE
CTWISY
CTYPE
CURVLINESYMB{L

CVISC
CHEDGE
CyCIip

CYCSEQ

IB

IB
IC
I8

DRS
DBY
DBT
I8
1B
iB
IB
1B
1B
I8
IB

1B
IB
I8
I8
IB
PU

1B
1B
rU

PU

NASTRAN DICT IONARY
Triangular slot element connection defimition card for acoustic
analysis.

Quadrilateral siot element connection definition card for
acoustic amalysis.

Selects a set of contact surface points,

Contact surface point sat definition.

Local coordinate system transformation matrices,
Coordinate System Transformition Matrices.

Coordinate System Transformation Matrices - Aerodynamics.
Tetrahedron element connection definition card.
Toroidal'ring element connection card.

Trapezoidal ring element connection card.

Basic bending triangular element connection definition card.
General triangular element connection definition card.
Homogeneous triangular element connection definition card.
Triangular ring element connection card.

Linear strain triangular element connection.

Triangular membrane element connection definition card.
Triangular bending elament connection definition card.
Trianguiar element connectijon.

Triangular shell' element connection.

Tube element connection definitfon card.

Twist panel element connection definiticn card.

Defines the type of cyclic symmetry.

Request to connect points with lines and/or to use symbols for
X-Y plots.

Viscous damper element connection definition card.
Wedge elemznt connection definition card.

A parameter which specifies the form of the input and output
datz using cyclic symmetry.

A parameter which specifies the procedure for sequencing the
equations in the solution set using cyclic symmetry.
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FMPDE

FoL
FBRCE
FORCE
FRRCEN
FRCE2
FARCEAX
FREEPT
FREQ
FREQ$
FREQT
FREQ2
FREQRESP
FREQUENCY

FREQY
FRL
FRLG
FRQSET
FRRD
FRRDZ
FSAVE
FSLIST

Functional Module

FICOOR
FYCOOR

FZCOOR

DBT
IB
IC
I
Ig
IB
IB
IB

IB
I3

IC

DBT
FMA

FMS
FMA
DBT
18
PH

PU
PU

PU

NASTRAN DICTIONARY
Mode number of first mode selected by user in modal dynamics
formulations,
Frequency response output frequencies.
Static load definition (vector).
Request for output of element forces.
Static Toad definition {magnitude and two grid points).
Static load definition (magnitude ang four grid points).
Static load definition for conical shell problem.
Defines point on a free surface of a fluid for output purposes.
Frequency list definition.
Indicates restart with change in frequencies to be solved.
Frequency list definition (linear increments}.

Frequency list definition (logarithmic increments).

Parameter used in SDR2 to indicate a frequency response problem,

Selects the set of frequencies to be solved in frequency
response problems.

Selects between frequency and transient in aercelastic response.

Frequency Response List,

Frequency response load generator.

Used in FRRD to indicate user selected frequency set.
Frequency and Random Response - Displacement approach.
Frequency response, with aerodynamic matrix capability.
Flutter Storage Save Table.

Defines a free surface of a fluid in a hydroelastic problem.

An independent group of subroutines that perform a structural
analysis function,

Aerodynamic modification factor (d-lﬁ}.

Aerodynamic modification factor (D-16).

Aerodynamic modification factor (D=15).
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IC
1D

EFAIL

IFP
IFPY

IFP3
1FP4

IFT
IFTM

IFTSKP
IMAG

IMPL
INCLUDE
INERTIA

INERTIA RELIEF
INPT

INPUT
Input Data Block

Input Data Cards

INPUTTH
INPUTT2
INPUTT3
INPUTTS

Internal Sort

NASTRAN DICTIONARY

Ic Transient analysis initial condition set selaction.

1A The first card of any data deck is the identification (ID)
card. The two data items on this card are BCD values.

p Set negative by ALG if comvergence fails (D-16)}.

EM Input File Processor. The preface module which processes the

sorted Bulk Data Deck and outputs various data blocks depending
on the eard types present in the Bulk Data Deck.

EM Input File Processor 1. The prefacé module which processes the
Case Control Deck and writes the CASECC, PCOB and XYCDB data
blocks, .

EM Input File Processor® 3. The preface module which processes
butk data cards for a conical shell problem,

EM Input File Processer 4. The preface module which processes
bulk data cards for a hydroelastic problem.

FMA Inverse Fourier transformation.

PU A parameter which selects the method for integration of the
Inverse Fourier Transform.

L Used to skip IFT module.

IC Output request for real and imaginary parts of some quantity

such as displacement, load, single point force of constraint
element force, or stress.

P Parameter constant used in executive moduTe PARAM.

IC Used in set definition for structure plots.

P Used in printing rigid format error messages for Static
Analysis with Inertia Relief (D-2).
IA Selects rigid format for static analysis with inertia relief.
M A reserved NASTRAN physical file which must be set up by
the user when used.
FMU Generates most of bulk data for selected academic problems.
PH A data block input to a2 module. An input data block must have
kcen previcusly output from some module and may not be written on.
PH The card input data to the NASTRAN system are in 3 sets, the
Executive Control Deck, the Case Control Deck, and the Bulk
Data Deck.
FMu Reads data blocks from GIN@-written user tapes.
FMU Reads data blocks from FERTRAN-written user tapes.
FMX AuxiTiary input file processor.
FMX Auxiliary input file processor.
PH Same order as external sort except when SEQGP or SEQEP bulk data

cards are used to change the sequence.
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PU

PU
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PU

15

EM

NASTRAN DICTIONARY

Inverse power eigenvalue analysis option - specified on EIGR,
E1GB or EIGC cards.

Controls printing of aerodynamic results,

Defines reference streamline For blade ¢lutter,

Causes printout of residual vectors in statics rigid formats
when set nonnegative via a PARAM bulk data card. (D-1, D-2,
D“q, D"S' D‘6)o

A parameter which causes the alternate starting method to be
used in transient analysis.

Specifies data items to be copied in or out.

Unconditional transfer DMAP statement.

Parameter used by structure plotter modules PLTSET and PLJT.
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KDSS
KE
KEF
KFs
KGG

KGGIN

KGGIN
KGGL
KGGLPG
KGENL
KGGSUM
KGGX
KGGXL
KGGY
KHH
KINDEX

KLL

KNN
KA
Kpp
KRR
KSS
KTOTAL

KTouT
KXHH

08M
PH
DBM
pam
DBM
PU
DEM

DBM

DBM

DBH -

DBM
DBM

DBM
DBM

PU

DBM

DBM
PU

DBS
DBM
DBM
0BM
DBM
DBM
DBN

PY
DBM

NASTRAN DICTIONARY
[Kgs] - Partition of differential stiffness matrix,
Flutter analysis method.
fof] - Partition of stiffness matrix.
[Kfs] - Partition of stiffness matrix.

[Kgg} - Stiffness matrix generated by Structyral Matrix
Assembler. .

Positive value selects KGGX from INPUTT),

Sum of elastic and differentiag) stiffness
matrices (D=-16, A-9),

[K2 ) - Stiffness matrix for linear elements. Used only in
99 the Piecewise Linear Analysis Rigid Format {D-6).

Purge Flag for KGEL matrix. If set to -1, 1t implies that
there are no linear elements in the structural model. (D-6),

[K"zl - Stiffness matrix for the nonlinear elemants. Used
g in the Piecewise Linear Analysis Rigid Format only.

Sum of KGENL and KGGL. Used in the Piecewise Linear Analysis
Rigid Format only. (D-6).

[K;g] - Stiffness matrix excluding general elements.
[Kxg] -'Stiffness matrix for Vinear elements {excluding general
99 elements). Used in the Piecewise Linear Rigid Format
only, {D-6).
[K;gj - Stiffness matrix of general elements.

[Khh] - Stiffness matrix used in moda)l formulation of dynamics
problems (D-10 thru D~12).

A purameter which specifie; a single vaiue of the harmonic
index using cyclic symmetry.

[KEE] - Stiffness matrix used in solution of problems in static
analysis (D-1, D-2, D-4, D-5, D-5).

[Kzr] - Partition of stiffness matrix.

A parameter which specifies the maximum value of the harmonic
index using cyclic symmetry.

Stiffness matrix.

[Knn} - Partition of stiffness matrix.
[Koa] - Stiffness matrix partition.
[Koo] - Partition of stiffness matrix.
[Krr} - Partition of stiffness matrix.
[Kss} - Partition of stiffness matrix.

Sum of elastiec and differential stiffness
matrices {D-16, A-9),

Postive value outputs KTOQTAL to OUTPUTI.
Total modal stiffness matrix - h-set,
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1 NASTRAN DICT1ONARY : |
,. ! MATTS 1B Specifies table references for temperature-dependent, ‘
%‘ anisotropic, thermal materia) properties. '
4 E MAX 18 Eigenvector normalization option - used on EIGR, EIGB and
s EIGC cards. 3
s .
: MAXIMUM DEFPRMATIPN IC Indicates scale for deformed structure plots. H
:?',' i MAXIT Py Limits maximum number of fterations in nonlinear heat transfer i
l;’ analysis. L
X
£ g. MAXLINES IC Maximum printer output line count - default value is 20000. {
E " BAXMACH PU Centrols subsonic unsteady cascade calculations, 3 ‘
{ e b ]
:
: g’- MCEN FMS Multipoint Constraint Eliminator - part 1. |
i:r L Ky
& MCE2 FMS Multipoint Constraint Eliminator - part 2.
E fr
“;l {' MDD DBM [Mdd] - Mass matrix used in direct formulation of dynamics : H
S A problems {D-7 thru D-9). R
1 - MDEMA P Parameter indicating equivalence of MDD and MAA. )
.-.t . g
:f, < MDLCEAD p Used in printing rigid format error messages far modal
i complex eigenvalue analysis (D-10),
: ¢
3 B MDLFRRD P Used in printing rigid format error messages for modal
r 3 frequency response ?D-'ﬂ).
E - MDLTRD P Used in printing rigid format error messages for modal
}jf : transient response (D-12). i,
;(f - MEF1 DBT Modal element forces, Sort 1 for @FP. i
»'- . t
e T MEF2 DET Modal element forces, Sort 2 for QFP. I
a N k
%} " MERGE FMM Matrix merge functional module. k
"-,!: < MES] DRT Modal element stresses, Sort 1 for PFP. 3
v i, 3
b MES2 DBT Modal element stresses, Sort 2 for @FP.
- » . l
: METHED IC Selects method for real eigenvalue analtysis.
- METH@D 15 Identifies EIGR Bulk Data card.
B METHRD$ M Indicates restart with change in eigenvalue extraction
‘ procedures.
MFF DBM [Mff] ~ Partition of mass matrix.
n MGG DBM [Mgg] - Mass matrix generated by Structural Matrix Assembler.
HHH DBM [Mhh] - Mass matrix used in modal formulation of dynamics
E problems (D-10 thru D-12).
; Ml DBM [m - Modal mass matrix.
g MIND P Minimum diagonal term of [Uuo]'
. MINMACH PU Controls supersonic unsteady cascade calculations,
£ MKAER@1 18 Provides table of Mach numbers and reduced frequencies (k).
| MKAERD2 I8 Provides 1ist of Mach numbers (m) and reduced frequencies (k).
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POUMi

PELAS

PEN

PENSTZE
PERSPECTIVE
PFILE

PG

PG
PGEON

gt
PGG
PG

PHASE
Phase 1

Fhase 2
Phase 3
PHEDY

PHF
PHF1
PHIA
PHIAH
PHID
PHIDH

PHIG
PHIH
PHIHL
PHIK
PHIL
PHIP
PHIPA

18
18
IC
IC
IC

DBM

nBM

PU

DBM
DBM
DBM

Ic
PR

PH

PH

i

DBM
B8M
[BM
DBM
DBM
DBM

DBM
DBM
DBM
DBY
Bas
DM
DB

NASTRAN DICTIONARY

Property definition card for dummy elements 1 through 9.

Scelar elastic property definition card.

Selects pen size for structure plots using table plotters.
Selects pen size for X-Y plots using table plotters.

Specifies perspective projectian far séructure plots,

Parameter used by PLOT module,

Incrementa) load vector used in Piecewise Linear Analysis (D-6).
Statics load vector generated by $SG1.

Controls punching of GRID, CTRIA2
and DTI cgrds frgm ALG. [A2, PTRIA2

Static load vector for Pimcewise Linear Analysis (D-6).
Appended static load vector {D-1, D-2).

Matrix of successive sums of incremental load vectors used only
in Piecewise Linear Analysis Rigid Format {D-6).

Requests magnitude and phase form of complex quantities.

An operatian to create matrices and load vectors for substruc-
turing analysis,

An operation to combine and reduce matrices and load vectors
for substructuring analysis.

An operation to recover detailed data reduction for substruc-
turing analysis.

Boundary element property definition card for heat transfer
analysis.

Total frequency response loads, modal.

Non-gust frequency response loads, modal,

[¢a] - Real eigenvectors -~ solution set.-

Eigenvectors, A-set.

[¢a] - Complex eigenvectors - solution set, direct formulation.

[¢dh] - Transformation matrix between modal and physical
coordinates.

[¢g] - Real eigenvectors.

[@h] - Complex eigenvectors - solution set, modal formulation.
Appended complex mode shapes - h-set. .
tigenvectors, aerodynamic box points.

Left side eigenvector matrin from unsymmetric CREDUCE operation.
figenvectors, P-set.

Eigenvectors, PA-set.

7.1-43 (12/29/78)

E?’ L I N T B B e B o B e S s SEENE eors SE-tavee SEE-sae BEN-mas SN -han N s BN o Y. BN BENE

. 2 Vo AL

e




—

R

TE TR IN IE

PUNCH
PUNPRT

PURGE

Purge

PUYPAT
PYEC

PVECT
Py1sC

PYT

Pl
P2
P3

IC
IA

EM
PH

bBT
bBS

DBY
18

PH

PU
PU
PU

NASTRAN DICTIONARY

Cutput media request (PRINT or PUNCH)

Used to punch and print the prohlem deck from UMF or copy the
problem deck from UNF onto NUMF and punch and print it.

DMAP statement which causes conditional purging of data blocks.
A date block is said to be purged when it is flagged in the FIAT
so that it will not be aliocated to a physical file and so that
modutes attempting to access it will be signaled.

Displacement vector used for plots, PA-set for aerpelastic
Load vectors.

Partitioning vector for ¢yclic modes (A-9).

Viscous element property definition card.

Parameter value table. The PVT contains BCD names and values

of all parameters input by means of PARAM bulk data cards. It
is generated by the preface module IFP and is written on the
Probiem Tape.

INPUTT2 rewind option.

INPUTT2 -unit number.

INPUTT2 tape 1d.
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l NASTRAN DICTIONARY :
7 |
SET 1 Definition of & set of elements, grid and/or sca\af and/or extra : !
. points, frequencies, or times to be used in selecting output. ‘
SEN 1B befines a set of structural grid points by a list.
SET2 iB Defines a set of structura) grid points by aerodynamic macro
' elements, .
SETVAL FMU Parameter value initiator, _
[ SGEN FMSS Substructure talle generator,
SHEAR IC Requests structure piot for al} shear panel elements.
! SIGMA PU Defines Stefan-Boltzmann constant in heat transfer analysis, ‘
’ thermoa=-
U Controls the type of static aero
S1GN ° elastic analysis performed.
1
: SIL DBT Scalar Index List for all grid points and extra scalar points
; introduced for dynamic analysis.
SILGA DBT Scalar Index List - Aerodynamic boxes only.
SINCEN PU Controls the automatic stiffness matrix singularity removal,
SINE 1C Conical shell request for sine set boundary conditions.
. SING P -3 if [K ] s singular.
E SINGLE P No single-point constrajnts.
" SKIP BETWEEN FRAMES 1C Request to insert blank frames on SC 4020 plotter for X-¥
¢ plots, .
3
SKJ bBM Integration matrix.
= SKPMGG P Parameter used in statics to control execution of functional
. module SMAZ.
. SKPPLT L Used to skip plot.
. SLBDY 18 Defines 1ist of points on interface between axisymmetric fluid
and radial slots.
? SLRAD 18 Scalar point load definition.
- SLT DBT Static Loads Table.
I SMA] FMS Structural Matrix Assembler - phase 1 - generates st’rfness
: matrix [Kgg] and structural damping matrix [K;g].
e SMA2 FMs Structural Matrix Assembler - phase 2 - generates mass
é matrix [Mgg] and viscous damping matrix [ng].
- SMA3 FMS Structural Matrix Assembler - phase 3 - add general element i
? contributions to the stiffness matrix'[Kgg]. ! E
H . -
5HP? FMS  Structural Matrix Partitioner - part 1, .
EE SMp2 FMS Structural Matrix Partitioner - part 2. ?
= . _
¥ SMPYAD FMM Performs multiply-add matrix operation for up to five . 1
ﬂz multiplications and one addition. f
¥ .
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Spil)

SPLINE

SPLINEY
SPLINEZ
SPLINE3

SPRINT
S567
§562
5563
5564
SSGHT
STATIC

STATIC ANALYSIS WITH

CYCLIC SYMMETRY

STATIC HEAT TRANSFER

ANALYSIS
STATICS

STATICS

STEADY STATE

STEPS
STERERSCRPIC
STREANL

STREAML)

STREAMLZ
STRESS

Structural Element

"STST

SUBCASE
SUBCASES
SUBCEM
SUBPHI

PH

bar
1B
1B
1B

1B

FMS
FM5
FMs
FM5
FMH

1A

1A

1%

IC

PU

8

I8

1C

PH

P
IC

IS

IC
FMSS

NASTRAN NJCTIONARY

Secondary storage devices are used because there s insufficient
main storage to perform o matriz calculation or a dats processing
operation.

Splining Data Table.

Defines surface spline.

Oefines beam spline,

User dats to interpolate deflections at aerodynamic degrees of
freedom.

Scalar point definition card.

Static Solution Generator - part 1,

I

Static Solution Generator - part 2.

Static Solution Generator

part 3.

Static Solution Generator - part 4.

Solution generator for nonlinear heat transfer analysis.
Requests deformed structure plot for problem in Static Analysis.
Selects rigid format for static analysis using cyclic symmetry,
Selects rigid format for Tinear static analysis using heat
transfer.

Selects statics rigid format for heat transfer or structural
analysis.

Parameter used in SDRZ to indicate Static Analysis.

Selects rigid format for nonTinear static heat transfer
analysis.

Frequency or time step output request for substructuring.

Requests stereoscopic projections for structure plot.

Controls the punching ¢f STREAML1 and
STREAML2 cards from ALG.

Gi{ves blade streamline data,

Gives blade streamline data.

Requests the stresses in a set of structural! elements or the
velocity components in & fluid element in acoustic cavity
analysis.

One of the finite elements used to represent a part of a
structure,

Defines the singularity tolerance in EMG.

Subcase definition.

Subcase output request.

This subcase is a linear combination of previous subcases.

Substructure, Plase 1.
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NASTRAN DICTJONARY

Y TMAX IC Do not plot points whose Y value lies above this value for
upper half frame.

; YTMIN 1C Do not plot points whose Y value lies below this value for

. upper half frame, !
S . H
4 g: YTITLE 1C Y-axis title for upper half frame. j
f YTVALUE PRINT SKIP 1C Request to suppress labeling tic marks over the specified I
it g' interval for upper half frame. :
L *

% YVALUE PRINT SKIP 1C Request to suppress labeling tic marks over the specified

o e interval.

3 ! Yz Ic Requests Y and Z vectors for deformed structure plot. ;
T ;
¢ !
i 3,
‘I - i
! |
4]
ﬁ -
,f : z IC Requests Z vector for deformed structure plot.
g Z0RIGN Py Aerodynamic modification factor (D-16).
L
3 1 a
;L
|
Bk

i

»i- -

3

i

H ‘
I !
Mot |
. ¥

{

[
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| !
'. This section contains new and replacement pages for Level 17.7 of a
Ly the NASTRAN Programmer's Manual, NASA SP-223(03). |
}“ These updates pertain to new and modified Functional Modules and i
% E- Rigid lFormats. : !
ji | _ Pages to be inserted or replaced are: 'f
! Section Pages
. Table of Contents vit, xviii, xxv, xxva
2.2 2.2-3, 2.2-5, 2.2-6, 2.2-16, 2.2-20 -
2.3 2.3-3, 2.3-19, 2.3-20, 2.3-30, 2.3-31a, 14
2.3-302, 2.3-303, 2.3-304 i
]
. 2.4 2.4-471 5
4.1 4.1-7, 4.1-8, 4.1-8a, 4.1+12, 4.1-15, .
4.1-18, 4.1-31, 4.1-33, 4.1-33a b
4.3 4.3-10, 4.3-11 §Tj
i- 4.5 4.5-13b, 4.5-17, 4.5-20 ! ;
L
4.114 4.114-6, 4.114-6a, 4.114-25, 4.114-25a, .
4.114-25b, 4.114-25c, 4.114-25d, 4.114-25e, A
4.114-30, 4.114-30a, 4.114-30b i
Ao
L 4.115 4.115-8 3
, 4.117 4.117-1 :
o 4.162 4.162-1 thru 4.162-5
4.163 4.163-1 thru 4.163-4
{ 7.22 7.22-1 thru 7.22-22
o
by g 7.23 7.23-1 thru 7.23-19
1
F B
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TABLE OF CONTENTS (Continued)

I Saction Page Ng.

t;‘. 2.3.83 Data Blocks Output From Moduile GPFDR ........ Ceveenes hreeaeas 2.3-290
) 2.3.84 Data Blocks Uutput From Moduel CYCTY ........... e . 2.3-292
:’: 2.3.85 Data Blocks Output From Medule CYCT2 ... cvvuins. Cerriaias .. 2.3-293
E.r !’ 2.3.86 Data Blocks Output From Module FRLG .....vvvevvinvararevaens.  2.3-295
E'-‘ 2.3.87 Data Blocks Output From Module LAMX «..'eeersnnrenenns. eiee 2.3-296
;‘ g' 2.3.88 Data Blocks Output From Module IFT ............ R verees 2.3-297
E ’ 2.3.89 Data Blocks Output From Module FRRDZ .......ccviivvinnnnss, o 2.3-29F
F i‘ 2.3.90 Data Blocks Output From Module ADR ............... e 2.3-299
; o 2.3.91 Data Blocks Output From Module GUST ....ovevvennn. v iaraess 2.3-300
:_ " 2.3.92 Data Blocks Output From Module EQMCK ........ Crrearaen veeeses  2.3-300
EE . 2,3.73 Data Blocks Output From Module ALG,......... Cebeeas 2.3- %5
: - 2.3.9% Data Blocks Qutput From Module APUB....... ressenneat 2.3-3053
l
!;} 2.4 EXECUTIVE TABLE DESCRIPTIONS .. .vvvneerirneeinssrrsranreneaness, 2,4-]
E 3 2.4.1 Executive Tables Which are Permanently Core Resident......... 2.4-2
2 2.4.2 Executive Tables Mot Permanently Core Resident............ ve. 2.4-16
B 2.5 MISCELLANEQUS TABLE DESCRIPTIONS ..... TN Ceteteee e, 2.5-1

2.5.1 Miscetlaneous Tables Which are Permanently Core Resident..... 2.5-2

l't 2.5.2 Miscellaneous Tables Not Permaneltly Core Resident .......... 2.5-6
: 2.6  SUBSTRUCTURE DATA ITEMS DESCRIPTIONS .ivvri i e iia ieeaanannes 2.6-]
- 2.6.1 Substructure Data “liems" Description ..........vvouvniuns eee 2,62

3. SUBROUTINE DESCRIPTIONS

39 INTRODUCTION ... ...vvuunnn. Peterersta e taeaaan Ceeinsenarns s 3141
- 3.2 ALPHABETICAL INDEX QF ENTRY POGINTS FOR SUBROUTINE DESCRIPTIONS ...... 3.2-1
- 3.3 EXECUTIVE SUBROUTINE DESCRIPTIONS ........ Ceraanas e reatnreransas cee 3,341
d.- 3.3.1  XSEM (Executive Sequence Monitor, Preface) ,...... Ceeraee . 3.3-1
- 3.3.2  BTSTRP {Bootstrap Generator) ..........covveiinvenvnnrrnnnnns 3.3-2
.‘. 3.3.3  SEMINT (Sequence Monitor Initialization) ....vvevernverennn.n 3.3-3
? 3.3.4  GNFIAT (Generate FIAT) ....... Cerranes Crreeserastasensr i 3.3-5
i 3.3.5 ENDSYS (End-of-Link) ............. Mreasaiarisasanas rereaas . 3.3-6
. 3.3.6 SEARCH (Search, Load, and Execute Link) ..overvevvrnrnn. eve..  3.3-8
h; 3.3.7 XSEMi {Link i Main Program, ¥ = 2,3,...) ....... Ceeenereerras 3.3-9
3.3.8  XSEMXX (Sequence Monitor - Deck Gemerator) .................. 3.3-1n
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4.134
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FUNCTIONAL MODULE REDUCE (REDUCTION OF SUBSTRUCTURE DEGREES OF
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FUNCT IONAL MODULE SGEN (SUBSTRUCTURE TABLE GENERATOR) .............
FUNCTIONAL MODULE SPF1 (S@F INTO GIND MATRIX COPIER) ..............
FUNCTIONAL MODULE SPFP (S@F OUT FROM GIN@ MATRIX COPIER) ...........
FUNCTIONAL MODULE S@FJT (SOF UTILITY MODULE) .....evvrvvnnnnvnnn.s,
FUNCTIONAL MODULE SU3PH1 (SUBSTRUCTURE, PHASE 1) ...... e veen
FUNCTIONAL MODULE PLTMRG (SUBSTRUCTURE PL@TSET DATA MERGE) ........
UTTLITY MODULE TIMETEST Lttt e erenetranaernaetinnenenaerenss
FUNCTIONAL MODULE DORMM (DYNAMIC DATA RECOVERY - MATRIX METHOD) ....
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FUNCTIONAL MODULE DIAGENAL (MATRIX DIAGONAL EXTRACTOR) ............
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FUNCTIONAL MOOULE SWITCH ................ e e
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i DATA BLOGK DESCRIPTIONS - GENERAL COMMEMTS ANUD INDEXES ;
) 2.2.¢ Index for Data Block Descriptions Sorted on Data Block Names I
‘. Section Humber Data Block Name Qutput from Module Page Number \
‘ 2.3.40.6 ABFL HTRXIN 2.3-178 f
2.3.62.9 ACPT APD 2.3-250 -p Lo
. 2.3.87.5 ACPT APDB 2.3-297 |
: 2.3.62.8 AERD APD 2.3-250 *
. 2.3.87,1 AERD APDY 2.3.296
| 2.3,04,1 AJIL AMG 2,3-254 .
; 2.3.47.2 AUTD RANDPM 2.3-223
i 2.3.2.11 AXIC IFP 2.3-38 o
2.3,18.9 BAA SMP1 2.3.94 f
2.3.41.2 80D GKAD 2.3-179 ' %
2.3.70.6 BDICT EMG 2.3-267 il
2.3.54,1 BDPRAL BMG 2.3-239 '
2.3.70.5 BELM EMG 2,3-267 '
2.3.17.8 BFF SCE) 2.3-89
2.3.69.1 866 EMA 2.3-264 g gf
2.3.10.2 BGG SMA2 2.3-76 i 1!
2.1.77.4 BGP PLTMRG 2.3-282 o
2.3.62.7 8GPA APD ¢.3-249 )
2.3.76.6 8GPOT SGEN 2.3-27% ;. ﬁ
2.3.3.5 BGPDT 6P 2.3-44 ? }
2.3.55.2 BGPOP PLTTRAN 2.3-239 é }
2.3.49.2 BHH CKAM 2.3-225 : é
2.3.16.5 BAN MCE?2 2.3-86 D
2.3.21.7 BQG SOR) 2.3-112 ; !
2.3.66.3 BXHH FA} 2.3-259 é ,
2,3.41.8 B20D GKAD 2,3-181 \ i
2.3.40.3 B2PP MTRXIN 2.3-177 % 5
2.3.76.2 CASEC SGEN 2,3-278 } !
2.3,1.1 CASECC IFP) 2.3-1 E ﬂ
2.3.86.1 CASECCA ALG 2.3-295 : ;
% ;
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Section Number

2.3,38.2
2.3.4.1
2.3.82.5
2.3,2.8
2,3.29.4
2.3.77.3
2.3.5.4
2.3.2.5
2,3.62,4
2,3,29.5
2.3.77.6
2.3.3.2
2,3.76.4
2.3.8.
2.3.34.2
2,3,34.3
2.3.37.2
2.3.29.9
2,3.62.11
2.3.87,2
2.3.66.1
2.3.84.4
2.3.84.,3
2.3.8.2
2,3,2,1
2.3.2.2
2.3.2.3
2.3.86,2
2.3.2.4
2,3.150
2,3.41.4

Data Block Name
ECPTNL1
£ECT
ECTA
EDT
EED
ELS
ELSETS
EPT
EQAERD
EQOYN
EQEX
EQEXIN
EQEXIN
EST

ESTL
ESTNL
ESTNL]
FRL
FLIST
FLIST
FSAVE
GLYCB
GCYCF
GET
GEPMI
GEPM2Z
GEPM3
GEEM3A
GERM4
GM

GMD

2,2-5 (9/30/78)

Qutput from Module

DATA BLOCK DESCRIPTIONS - GENERAL COMMENTS AND INDEXES

Page Number

PLAG
GP2
APD
IFP
oPD
PLTMRG
PLTSET
IFP
APD
DPD
PLTHHG
GP)
SGEN
TAl
PLAT
PLAY
PLA3
]
APD
APDB
FAL
CYen
cYcT
TA)
IFP
LFP
IFP
ALG

1Ep

MCE]
GKAD

e e b i i BAes il

2.3-175
2.3-46
2.3-.247
2.3-30
2.3-147
2,3+282
2,3-48
2.3-23
2.3-247
2.3-149
2.3-283
2,3-41
2.3-278
2.3-56
2.4-165
2.3-166
2.3-17¢
2.3-153
2.3-252
2.3-296
2.3-258
2,3-293
2,3-292
2.3-70
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DATA BLOCK AND TABLE DESCRIPTIONS
: Section Number Data Block MName Qutput from Module Page Number ' \
£ 2.3.18.1 Go SMPY 2.3-92 . J
g 2.3.41.5 60D GKAD 2.3-180 | '
fiz 2.3.8.4 GPCT Al 2.3-7
; 2,3.76.5 GPOT SGEN ¢.3-279
EET 2.3.3.3 4PDT 6P 2.3-42 |
- 2,3.8.7 GPECT TAY 2.3-73
:gT 2.3.3,1 GPL 6P 2,3-41
f . 2,3,76.3 GPL SGEN 2.3-278 '
:u* 2.3.62.1 GPLA APD 2.3-245 3
LS 2.3.49.1 GPLD DPD 2.3-145 ! ;
2.3.717.2 GPS PLTMRG 2,3-28) .
5@: 2.3.5.3 GPSETS PLTSET 2,3-47 ?
? 2.3.9.3 GPST SMAY 2.3-74 Y
‘EE 2,3,69.2 6PST EMA 2.3-264 L
2.3.7.2 GPTT 6P3 2.3-54
; 2.3.76.8 6P3S SGEN 2.3-279 ;
B 2.3.76.9 GP4sS SGEN 2.3-280 i o
'ﬁ? 2.3.63.1 GTXA 61 2.3-253 :
o 2.3.87.3 GTKA APDS 2.3-296 f
,“f 2.3,12.3 HBAA SMP2 2.3-162
: 2.3.41.10 HBDD GKAD 2.3-181 ;
‘ﬂ" 2.3.70.10 HBDICT EMG 2.3-268 4
.0 2.3.70.9 HBELM EMG 2.3-268 2
. 2.3.17.14 HBFF SCEN 2.3-9 ;
lE 2.3.69.1 HBGG EMA 2.3-264 :
e 2.3.16.8 HBAN MCE2 2.3-87 z
IE 2,3.41.15 HB20D GKAD 2.3-182 i
2.3.40,5 HB2PP MTRXIN 2.3-177 i
2.3.29.14 HDLT bPD 2.3-156 3
; 2,3.21.2 HOM REMG3 2,3-101 E
| 2.3.29.17 HEQDYN bPD 2.3-156 E

By s, 5 o
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1" I
l l DATA BLOCK AND TABLE DESCRIPTIONS
& Sectfon Number Data Block Mame Qutput from Module
: I 2.3.28,25 PPHIG SDR?
2.3.57.1 PPT TRLG
] 2.3.24.3 s ss62
(i 2.3,47.1 PSOF RANDOH
i’ 2,3.29.8 PSOL 0PD
» 2.3.44.2 PSF FRRD
Do 2.3.74.4 PSS RCOVRI
’ } 2.3.57.2 PST TRLG
- 2.3.28.24 PUBGV) SOR2
] 2.3.28.26 PUGY SOR2
. 2.3.28.23 PUGY | SDR2
; i 2.3.28.27 PUPYC) SDR2
tit'f ) 2,3.87.4 PVECT APDB
l 2.3.75.1 PYX REDUCE
e: 2.3,84,1 Px cYeTI
! 2,3.74.2 ans RCAVR3
3 2.3.27.6 Q86 5DR1
; r 2.3.27.3 Q6 SOR)
vy 2.3.36.3 061 PLAZ
i 2.3.65,) QHHL AMP
: 2.3.66.2 QJHL AMP
2.3.27.15 QP $OR)
2.3.27.12 aPe SDR1
2.3.24,) QR $562
2.3.13. RG 6P4
2.3.25.6 RUBLY $563
2.3.25.3 RULV $3G63
2.3.25. 4 RUQY $563
2.3.85.4 RUXV cYcT2
2,3.76.7 SIL SGEN
2.3.3.6 SIL GP)

2.2-16 (9/30/78)

Page Number
2.3-140

2.3-240
2.3-108
2.3.222
Z2.3-152
2.3-1958
2,3-274
2.3-240
2,3-139
2,3-141
2.3-138
2.3-142
2.3-296
2.,3-276
2.3-292
2.3-274
Z2.3-112
2,3-111
2.3-173
2.3-256
2,3-256
2.3-114
2.3-113
2.3-104
2.3-79
2.3-108
2.3-107
1.3-107
2,3-294
2.3-279
2.3-45
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DATA BLOCK AND TABLE DESCRIPTIONS

2.2,2 Index for Dats Block Descriptions Sorted Alphabeticslly by Module : ‘

Ruicd ey
R

2.2-20 (9/30/78)

: Section Numbep Module Page Number Section Number Module Page Number
{'?‘ g“ 2.3.35 ADD 2.3-172 2.3.34 PLAI 2.3-165
S0 2.3.9 ALG 2.3-302 2.3.36 PLA2 2.3-173 )
Pﬂ% - 2.3.64 AMG 2.3-254 2.3,37 PLA3 2.3-174
R 2.3.65 AP 2.3-25% 2.3.38 PLAY 2,3-175 _
C 2.3.62 APD 2.3-285 2.3.6 PLOT 2.3-50 ‘
T 2.3.94 APDB 2.3-303 2.3.77 PLTMRG 2.3-281 |
' : 2.3.n ASDMAP 2.3-269 2.3.5 : PLYSET 2.3-47
: 2.3.54 BMG 2.3-239 2.3.56 PLTTRAN 2.3-239
2.3.39 CASE 2.3-176 2.3.82 PYECOS 2.3-289
2.3.42 CEAD 2.3-183 PVECI0
2.3.72 cpMa2 2.3-21 2.3.47 ::;g;: 2.3.222
2.3.84 cYen 2.3-292 2319 I 2'3-95
2.3.85 cYCT2 2.3-293 2.3.20 - 2‘3,99
2.3.79 DDRMM 2.3-285 2.3.21 B3 2:3_101
2.3.50 DORT 2.3-226 2.3.22 RBMG4 2.3-102
2.3.53 DDRe 2.3-237 2.3.73 RCAVR 2.3-272
2.3.29 oo 2.3-145 2.3.74 RCAVR3 2.3-274
2,3.9 DSMG1 2.3-161 2:3:30 READ 2'34]57
2.3,33 DSMG2 2.3-163 ’ _
ras o 2o Lass w23 ]
2.3.70 EMG 2.3-265 ' . ' . )
2.3.66 FAl 2.3-258 2.3.17 SCE! 2.3-88 P
2.3.67 FA2 2.3-260 :'3'60 SORHT 2'3'243 } |
o 5
2.3.63 o 2.3-253 2.3.45 SOR3 2.3-197 o
2.3.41 GKAD 2.3-179 2.3.76 SGEN 2.3-278 P
2.3.49 GRAM 2.3-225 .
2.3.61 GPCYC 2.3-244 ::;:?o ::ﬁ; g'g:;: P
2.3.83 GPFOR 2.3-290 ’ Lo
2.3.12 SMA3 2.3-78 :
2.3.3 GP1 2.3-4 o
2:3.4 vz 2346 a2 w2 s :
2.3.7 Gp3 2.3-51 2.3.59 SSGHT 2.3-242 |
2.3.13 o 2.3-78 2.3.23 $561 2.3-103 L
2.3.14 Gpse 2.3-89 2.3.24 $562 2.3-104 L
2.3.11 GPWG 2.3-77
222 IF > 3.5 2.3.25 $8G3 2.3-107 ; ’
231 171 2301 2.3.26 5564 2.3-110 ’ l
2.3.81 INPUTT2 2.3-288 :'j':a Iﬁ; : 3:::4 : :
2.3.13 Heel 2.3-84 2.3.58 TRAT 2.3-242 a
2.3.16 MCE2 2.3-85 2157 TRLG s 3.280 L
2.3.78 MPDACC 2.3-284 2 9.43 vOR 2. 3186 L
2.3.40 MTRXIN 2.3-177 2345 X TRAN 2 3215 i
2.3.68 PPTPR] 2.3-262 T i [
2.3.80 PPTPR2 2.3-287 1
' 4
{
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Record Hord
179
180
18]
182

173

Lcc-1
LCC
LCC+T
LCCH+LSEM
LCCHLSEMH
LCCHLSEM+2
LCC+LSEM+]

LCC+LSEM+LSET

Note

3
————
-— L]

—e e ) XD
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DATA BLOCK DESCRIPTIONS JF POOR QUALITY

Item

ARerpdynamic gust Toyd set

Same a5 10-12 for element strain/curvature output

Contact surface point set_

' Not used

Length 7 symmetry Sequence (LSEM)
foefficients for svmmetry sequence
Set ID o
Length of the set {LSET)
Repeated for each set.

End of record

Set members terminates.,

The above record is reovat-d for each subcase and symmetry combination.

Table Trailer

Word 1 = number cf records on CASECC
Word 2 =0

Word 3 =maximum length of CASECC
Ward 4 =0

Word 5 =0

Word 6 =0

2.3,1.2 PCDB {TABLE)

Description

Plot Control Data Table for the structure plotter.

Table Format

[tem

The data here is the XPCARD translation of the Structure Plotter.

Packed cards in the Case Control Deck (See Subroutine Descriptian

Record
0 Header record
]
far XRCARD).
N+1 End-of-file

Table Trailer

Words ' through 3 are zero
Word 4 = 7777
Word 5 and Word 6 are zero

There i5 one record for each physical card.

2.3-3 (12/29/78)
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DATA BLOCK DESCRIPTIONS Of??ﬁf"é e |
OF POOR QuLIry
2.3.2.4  GEGM4 (TABLE)

Card Types and Header Information:

¢ Header Word 1 Header Ward 2 Header Word 3
Card Type Card Type Trailer 8it Position Internal Card Number
' ASET 5561 76 . 215
- ASET? 5571 77 216
. BDYC 910 9 175
" 8DYS 1210 12 177
N g BDYS) 1310 13 178
' CONCT 210 2 168
' CONCTI 10 41 167
- CRIGOR 8210 82 297
f g CRIGD) 5310 53 279
o CRIGD2 5410 54 284
! CRIGD3 8310 83 298
- (1) 329) 91 29 .
1 CYJPIN 5210 52 257 F
N GTRAN 1510 15 187 :
. LpADC 500 5 17 C
< MPC 4901 49 17 Do
b ! MPCADD 4891 60 83 R
b MPCAX 4015 40 149 ¥
P MPCS 1110 11 176
TR PMIT 5001 50 15 _
i I PMITI 4951 63 92 !
AR BMITAX 4315 43 150
L«; PRINTAX 4315 49 152
. RELES 410 ] 170 .
i RINGAX 5615 56 145 2
Y l. SECTAX 6015 60 153 N
SPC 5501 55 16 . l
e SPC1 5481 58 12 '
2 i SPCADD 5491 59 13 :
: SPCAX 6215 62 148 :
SPCD 5110 51 256 B
n SPCS 810 8 174 ;
' { SPCSI 710 7 173 '. |
SPCSD 610 6 172 i
' SUPAX 6415 64 151 :
SUPPRT 5601 56 14
’ { TRANS 310 3 169 :
- Card Type Formats:
E- ASET {2 words) D o

The note below concerning the PMIT card applies to the ASET card as well.

ASET1 (Open Ended) C G .

] -1 :

H

? BDYC (Open Ended) 1D NAME1 S !

b NAME2 sIp2 e
ol {blank) -1

2.3-19 (12/31/77)
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DATA BLOCK AND TABLE DESCRIPTIONS

Card Type Formats Cont'd.:

BDYS (Open Ended)

BOYS1 (Open Ended)

CONCT (Open Ended)

CBNCT1 {Open Ended)

CRIGOR {4 words)

CRIGDY {Open Ended)
and
CRIGD2 (Open Ended)

CRIGD3 (Open Ended)

C3P (open ended)

CYJRIN (Open Ended)

GTRAN (2 words)

siD
G2

51D
G2

SID
suBe
GA

NSUB

611
c2

2,N5UB
EID
1

EID
an
G14
G2
623
G26
M1
GM4
-1
-]
-1
EID
1612
IG15
1621
1624
IGM]
IGM4
MSET
nGie
DG15
DG21
DG24
DGN1
DGN4
-1
-1
-1

s51D
GAZ

-

SIDE
Gz

TID
TRAN

2.3-20 (12/31/77)

SID
NAMENSUB

G21

16
612
615
621
624
G2
G5
-1

IG?

IGT13
IG16
1G22
1G25
[ GM2
IGM5
DG1

DG13
DG16
D622
pGz2s
DGN2
DGNS
-K

-1

GA}Y
GB2
GAn
-1

NAME

SUBA
GB

oG

NAME ]
C1

Gy, NsuB
g
a1

Gl
G13
G16
G22
625
GM
GM3
GMB
-1
-1

IR
1614
1G2
1623
1G26
IGM
IGM3
1GM6
DG11
0614
DG2
DG23
DG26
OGN
DGN3
DGNB
-1
-1

GB!
GBn
61
-1
GID




DATA BLOCK AND TABLE DESCRIPTIONS

2.3.2.8 EDT (TABLE)

. i
: é Card Types and Header Information:
N
) Header Word 1 Header Word 2 Header Word 3
. Lard Type Card Type Trailer Bit Position Internal Card Nutber
AEFACT 4002 40 273
AERD 3202 32 265
CAERD} 3002 30 263
CAERP2 430 43 301
CAER@3 4401 44 302
CAER@4 4500 45 303
CAERPS 5001 50 309
DEFPRM 104 1 )
FLFACT 41c2 4 274
FLUTTER 3902 39 272
MKAERD1 3802 38 2N
MKAERD2 3702 37 270 :
PAERD) 3102 3 264 f
. PALRPZ 4601 46 304 o
; PAER@3 4701 47 308 K
. PAERDA 4801 48 306 T 4
. PAER@S 5101 51 310 T
F - SETT 3502 35 268 5
L SET2 3602 36 269
v SPLINE? 3302 33 266
Al SPLINE2 3402 34 267
- “SPLINE3 4907 49 307
o STREAML 1252 9z 292 :
STREAML? 3293 93 293 P
VARTAN 4202 42 290 v
Card Type Formats: ;
AEFACT (Open Fnded! SID F1 F2
etc. -1
AERD (6 words) ACSIN VSAuUND BREF i
RHPR:F SVMXZ SYMXX '
CAERPY (16 words) PID cp NSPAN S
NCH@RD LSPAN LCH@RD ;
0 X1 Y1 :
Z1 X12 X4 ;
L 24 X43 i
CAER@Z (16 words) EID PID P o
NSB MINT LS8 :
LONT 1G1D X o
11 2 X12 L
|
CAERP3I {16 words) EID PID LP |
LISTH LISTC! LISTC2 |
X1 S
' 1 X12
X4 Y4 4
X43

2.3-30 (12/31/77)
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Card Type Formats (Cont.):

SETZ (8 words)

SPLINE (6 words)

SPLINEZ (10 words)

SPLINE3 (Open Ended)

STREAML1 (open ended)

STREAML 2 (10 wards}

VARIAN {Dpen Ended)

DATA BLOCK DESCRIPTIONS

51D
sp2
2

EID
BPx2Z

EiD

B@x2
DTOR
DTHY

SID
CoMp
Al

ZLN
G3
G6
-

$LN
CHORD

MACH
FLOWA

0812

EID
H
12

CAERD
SETG

CAERD

SETG
CIp

CAERR

NETNZ
RADIUS
DEN

DB

2.3-31a {12/3V/717)

O PP

v SV R P S SR T UL PR ATIT 7 T SL N I PTIL 7 PR

5P1
Ch2

BAX1
0z

BPX1
DTHX

UFID
Cl
GM
-1

G2

G5
Gn

ATAGGER
BEPACE
VEL

etc.

F—

i st e

“q

2
#
3
i
3
2
3

%
¢
1
L
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DATA BLOCK DESCRIPTIONS
2.3.93 Data Blocks Qutput from Module ALG )
2.3.73 1 CASECCA (Table}
Description
[
See description and format of CASECC table - Section 2.3.1.1. :
{
2.3.93.2 GEOMIA (Table)
Description
See description and format of GEOM3 table - Section 2.3.2.3. ,

A w
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2.3-%02 (?/30/78) .

iy

e

AL T ety Uy et o e e AT N e S g Y T A0 e R A L L e



Kiimati§

DATA BLOCK DESCRIPTIONS

2.3.9% Data B8locks Qutput f-om Module APDB

2.3.9Y.1 AERP (Table)

Descriptian
See description and format of AERP table - Section 2.3.62.8. S

2.3.94.2 FLIST {Table)

Descriptien
See description and format of FLIST table ~ Section 2.3.62.11.

[or—

2.3.9Y .3 GTKA (Matrix)

Description
See description and format of GTKA matrix - Sectfon 2.3.63.1.

2.3.99.4 PVECT (Matrix}

Pescription
{ PYECT } - Partitioning vector for cyclic modes.

. = wame
i

Matrix Trailer .

| A
NETGY (for KINDEX > 0, 2 - NElGV) :

rectagular
real-single precision

Number of coclumns
Number of rows
Form

Type

g omouwon

A

2.3- 303 (9/30/78)
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2.3.99.5

DATA BLOCK DESCRIPTIONS

ACPT (Table)

Description

Aerpdynamic connection and property table for compressor blades. Contains onc
record for each compressor hlade.

Table Format

Record

m
o
i
=9
-
n o 1l
—_

0

]

x
o
b |
o,

Type Item
Data block name {ACPT)

—-—
[
~
m

Key word, 6 for compressor blades
IREF parameter

MINMACH parareter

MAXMACH parameter

Number of blade streamiines, NLINES
Number of stations on blade, NSTNS
Streamline number, SLN ™
Number of stations on streamline, NSTNSK
Stagger angle, STAGGER

Chord length, CHORD .
Radius of streamline, RADIUS ReFERT
Blade spacing, BSPACE NLTNES
Mach number, MACH -
Gas density, DEN Tihes
Ftow velocity, VEL

Flow angie, FLOWA
X-coordinate, basic} ReeenT
Y-coordinate, basic}y NsTRS
Z-coordinate, basic) TINES

U0 s TN U L) B e O WD 0 O U D L M) A
D DRI M OO DI 0 T et v et e 5T T e e

e e

Additional recards for other blade

ierod

Words 7-19 are reprated for each streamline, There are NLINES streamlines
and they are from the blade roct to the blade tip., These data items are
taken from the STREAML? bulk data cards.,

Words 17-19 are repeated for each node on the streamline. There are
NSTNS triplets (X, Y, Z}. They are from the blade leading edge to the
blade trailing edge.

2.3-3¢¢ (9/30/78)
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ORIGHNAL PAGE 1S
OF POOR QUALITY
GENERAL COMMENTS AND INDEXES
|
4.1, 2 Alphabetfcal index of Module Functional Descriptians
Section Number Module Name Section Number Module Name
a.78 ADD 4,32 GPSP |
4.96 ADDS 4.29 GPHE
4.1¢d ALG 21 GP1
-4.114 AMG 4.22 GP?
4.115 ANP 4,25 GP3 '
4.112 APD 4.1 GP4
4, &3 APDB
§.217 ASDMAP
ooa BEGIN 4.5 [Fpe
4,90 BMG 4,3 1FP1
4,56 CASE 4.6 IFpP3e
4,59 CEAD 4,89 1FP4ne !
4,10 CHEKPNT 4.9 [Fp5e 5
4.128 CPMBI 4.97 INPUT :
4,129 cpMB2 4.98 INPUTT )
4.13 C@ND 4.99 INPUTT2 ' o
4,148 cory o INPUTT3 f
4,110 CYCM e INPUTTA ﬁﬂ
b3 -4
ae OOR LABEL
4,141 DDRMM 4,72 HATGPR
4.67 DORY 4.71 MATPRN
4.68 DDR2 4.73 MATPRT
4.8 DECOMP 4,33 MCE]
4,143 DIAGPNAL 4,34 MCE2
4.47 perD 4,84 MERGE
4121 DSCHK bl MATA
4,49 fISMG] 4,126 MBOACC
4.5% DSHGZ v M@Dge
& DUMMAD 1 hhad M@DC
L QuUMMaDe2 4.79 MPYAD
" DUMMAD3 4,587 MTRXIN
4,123 EMA :}Eg g%gg;
4,124 EMG :
vt pUTPUT
4.18 END
MR ECuly 4,100 BUTPUTI
* i 4101 @UTPUTZ
4,130 rXid
4.14 EALT 4.102 BUTPUTI
. ' *e BUTPUTA
4,116 FAI 4,19 PARAM
4.117 FA2 4. 118 PARAML
4.82 FBS 4.119 PARAMR
oo FILE 4,83 PARTN
4.61 FRRD A PARTVEC
4,52 PLAI
4.113 GI 4,52 PLAZ
4,58 GKAD 4,54 PLA3
4.66 GKAM 4.55 PLAS
4,109 GPCYC 4,24 PLOT
4.146 GPFDR

? Executive System Internal Module, ** Dummy Module,
we® Executive System Instruction (No Module Functional Pescriptions)

4.1-7 (9/30/78)
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1.1,

3

Section Number

MOBULE FUNCTIONAL DESCRIPTIONS

Ol b el 18

Alphabetical Index of Entry Point {n Module Functional Descriptions

Entry Point

-+

=3

Rl - T - T R S S i T T - S - S - N N N~ W N

B - = T~ N N S - T - T -~ VRt Y

,46.8
.114.8.67
.114.8.67
.114.8.67
.114.8.867
.59.8.25
.46.8
1140
114.8.61
.114,8.62
.114.8.63
.114.8.64
.314.8,65
14,87
L114.8.69
L114.8.70
.114.8.72
L114.8.73
114.8.74
.114.8.75
.114.8.76
.i14.8.77
114.8.79
114 .8.79
148,80
RREN
11580
.115.8.2
115,23
J115.8.4
A15.8.5
.115.8.6
.115.8.7
.115.8.8
L1120
.163.8
.163.8.1
163.8.2
.163.8.3
.112.8.2
112.8.1

Al
AKAPM
AKAPPA
AKP?
ALAMDA
ALLMAT
AMATRX
AMG
AMGB]
AMGR1A
AMGB1B
AMGEIC
AMGBID
AMGRYS
AMGRZ
AHGRZA
ANGTY
AMGTIA
AMGT18
AMGTIC
AMGTID
AMGT1S
METIT
AMCTD
AMGT2A
AP
AMPA
AMPR
ANORY
AMDG 2
AP
AMPC
AMPC2
AMPD
APD
APNB
APDB1T
APDB2
APDB2A
APDF
APDI]

Hodule Hame

50R2
AMG
AMG
AMG
AMG
CEAD
SDR2
AHG
AMG
AMG
AMG
MG
AlG
AIAG
AMG
AMG
AMG
AMG
AMG
AMG
AMG
AMG
AMEG
AMG
ANG
AMP
AMP
AMP
AMP
AP
AMP
AMP
AP
AMP
APD
APDB
APD3
APDB
APDB
APD
ApPD

4.1-8 (9/30/79)

Page MNumnber

4.46-7
4,114-25b
4.114-25b
4.118-25b
4.114-25b
4.59-18
4.46-7
4.114-1
4,114-25
4.114-25
4.114-25a
4.114-25a
4.114-25b
4.114-25d
4,114-25¢C
L114-25¢
Lild-75e
.1i4-25%e
.114-25F
.114-25F
114-25F
J114-25F
L114-735¢
L114-28g
114-25h
15-1
115-8
.115-9
.1156-9
.115-10
5,10
4.135-1¢
4.115-12
4.115-12
4
4

EE RN < T - T T R~

o o D D o

p=%

di2-1

L163-1
4.163-4
4.163-4
4.163-4
4.112-3
4.112-2
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Section Number

MOBULFE FUNCTTONAL DESCRIPTIONS

fntry Point

.48.8.25
1271

lsald

o T T - R R - S I

114,887
L7.5.13
.7.5.14
411135
AT,
.128.8.4
.128.8.5
.125.8.8
.128.8.10
.128.8.6
.128.8.7

ARRM
ASDMAP
ATPL
ASYCBH
AUTACK
AUTBSY
BAR
BASGLB
BNATOI
RDAT(Q2
BDATO3
BOATO4
BDATOS
BDATO6

Module Name

READ
ASDMAP
ASDMAP
AMG
XGPI
XGPI
5561
55GH
camal
CAMET
comp?
Campl
CamMB
CpMBI

d.1-8a (9/30/78)

T

Page_Nunber
.48-18
12741
127-6
.114-28p
.7-6
-7
L41-27
.41-22
.128-11
.128-12
.128-14
.128-20
.128-12
L128-14
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EE S 2]

PPN, ..‘,-..;izw.&b‘g

[RR

AU U PR L)

3
i
3

e ke




i
! F P
B MANILE TNCTIONAL DESCRIPTIONS
]
, R Section Humber fntry Point Module Name Page Kumber
:
. 4.114,8.2 ol AMG LM 4 114-4
] Yogx &0 DLEATE AR G H.oflv- 25k .
. 4.14.8.1 GLPTe AMG 4.114-9
4.27.8.27 OMATRY SMAT ' 4.27-17
4.26.8.7 DMFGR TAY 4.26-15
4,.28.8 LM SMAD 4.28B-3 !
4.28.8 DMIN SMA2 4.28-3
4.79.1 MMPYAD MPYAD 4,791
4.28.8 oM150 SMAZ 4.28-3
4.28.8 04211 SHA? 4.28-3 .
I
4.28.8 189 SMAZ 4.28-3 ‘
4.47.1 P nPD 4.4741 %
a.67.8.1 Ci'DAR neg 4.47-7 -
4.47.9.2 JFLLED g 4.47-8
4.47.7.1 Deol 0PD 4,473
4.47.7.1 Hro2 opPD 4.47-3
4.47.7.1 nPo3 DePD 4.47-3
4.47.7.1 nPDa DD 4.47-3
4.67.7 .1 ot (1) 4,47-2
4.24.1 AR PLAT 4. .24
4,23.! nPLTST PLTSET 4.23-1
4.114.8.8 nepsS AMG 4.114-4
4.49,8.9 DONMEM DSMG1 4.49-7
4.49.8.12 POLAD A5MG) 4 19-7a
4.49.8.14 DILADS 054G 4.49-7a
4.24.8.6 DRAW PLET 4. 28-7
TR DAL PPR ARG Yot -J5h
4.49.8.5 DRED DSMG) 4.49-6
4.121.1 DSCHK BSCHK 4.121-1 !
4.49.8.7 DSHEAR DSMG) 4.89-6
4.49.1 DSMEI OSMG) 4,49-1 f
4.51.1 DSHG2 DSMG2 4.51-1 ;
!
(/35012 i
4 1-12 (TR i
]
i
i
k

%

a S A AU P UV PRI O PP R s A
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Seetion Numbep

4.81.11,17
4.24.8.12
4,81.11,20
4.73.8.4
4,31.8.3
4,65.8.4
4.65.8.10
4.41.11.10
4.61.1
4.61.8.1
4.61.8.2
4.61.8.3
4.61.8.4
4.61.8.5
4.61.8.6
4.46.8
4.46.8
4,114,8,¢8
4.41.11.60
4.114.8.3
4.24.8.4
4.113.8.1
4.113,8.2
8.113.8.4
4.113.8.3
4.58.1
4.58,8.1
4,58.8.2
4,58,8.3
4.58.8.4

GENERAL COMMENTS AND INDEXES

Entry Point

FNOPNT
FNDSET
FNDSEL
FPRMAT
FORMGS
FRRM
FORM2
FPONT
FRRD
FRRO1A
FRRD1B
FRRDIC
FRRDID
FRRDIE
FRROVF
F621)
Fg9

GAUSS
GBTRAN
GEND
GETDEF
61
GIGGKS
GIGTKA
GIPSST
GHAD
GKADIA
GKADIB
GRADIC
GKADID

Hodule Hane

5561
PLOT
$561
MATPRT
6P
TRD
TRD
5561
FRRD
FRRD
FRRD
FRRD
FRRD
FRRD
FRRD
SDR2
SOR2

AMG
5561
AMG
PLOT
&l
GI
61
6l
GKAD
GKAD
GKAD
GKAD
GKAD

4.1-15 {9/30/78)

Page Humber

[

8.41-2)
4.24-N
4.00-22
4.73-4 -
4.31-6
4.65-12
4.65-15
4.81-19
4.61-1 -
4.61-5
4.61-6
4.61-6
4.61-6
4,61-7
4.61-7
4.86-7
4.46-7
411425 ¢
4.41-35
4,114-4
4.264-6
4.113-8
4.113-8

' 4.113-8

4.113-8
4.88-1
4.58-7
4.58-7
Q.SB-BF
4.58-8

e
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A41.11,54
.27.8.42
+46.8.48
.114.8.7
.4.5.3
.65.8.2
.97.8
.98.1
.99,1
L9721
-4.5.9
.65.8.7
.73.8.1
.24.8.7
.48.8.40
.48.8.14
.48.8.6

Number

MODULE FUNCTIONAL DESCRIPTIONS

Entry Point

IFS1P
1Fs2p
IFS3P
IFsap
IF35P
IFXIBD
IFX2BD
IFX38D
IFX4BD
IFX5BD
IFX6BD
IFX780
IHEX
IHEXSD
IHEXSS
INCRR
INITCR
INITL
INPABD
INPTTI
INPTT2
INPUT
INTEXT
INTFBS
INTPRT
INTVEC
INVERT
INVFBS
INVPUWR

4,1-18 (7/4/786)

Module Name

IFP
IFP
1FP

1Fp

1FP

IFP

IFP

1FP

IFP

IFP

IFF

17P
$SG1
SMAT
SOR2
AMG
XSBRT
TRD
INPUT
INPUTTT
INPUTT2
INPUT
XSPRT
TRD
MATPRT
PLAT
READ
READ
READ

Page Number

4.
4.
4.
4.
4,
4,
.5-5
.5-5
.5-6
.5-6
.5-6

s

L I R R T . - T e s T e s Y O Y O O -

5-6
5-6
5-6
5-6
5-6
5-5

5-6

.41-33
.27-20
.46-22
114-6
.4-4
.65-1
.97-3
.98-1
.99-1
971
.5-5
.65-13
7341
.24-8
.48-19¢
.48-12
.48-8




Ak T

Section Number

4.46.8.7
4.46.8.53
4.46.8.55
4.46.8.16
4.46.8.32
4.46.8,10
4.46.8.8
4.46.8.13
4.46.8.28
4.46,8.5
- 4.48.8.13
4.114.8,47
4.114,8,¢
4.114.8,47
4.114,8, ¢7
4.114.8.5
4.138.1
4.48.8.26
4.24.8.19
4.147.1
4.3.7.7
4.103.1
4.122.1
4.75.1
4.26.8.)
4.26.8.2
4.26.8.3
4.26.8.5
4.26.8.6
4.26.8.8
4.26.8.4
4.41.11.3
4.41.11.43
4,140.1

GENERAL COMMENTS AND INDEXES

Entry Point

STRBS!
STRIAI
STRIA2
STRIR)
STRIR2
STRMEY
STRPLI
STRQD?
STRQD?
STUBE?
suB
SUBA
SUBBR
sUBC
sU8D
sugp
SUBPHI
stMH
SUPLT
SHITCH
SHSRY
TABFNT
TABPCH
TABPT
TA1

TAIA

TAIB
TATC
TAICA
TATETD
TAIH
TEMPL
TETRA
ST

Module Name

SDR2
SOR2
SOR2
SOR2
SbR2
SORZ
SOR2
SOR2
SDR2
SOR2
READ
AMG
AMG

AMG

AMG
AMG
SUBPHI
READ
PLET
SWITCH
IFP
TABPRT
TABPCH
TABPT
TAl
TAl
TAl
TAl
TA
TAY
TA
3561
8561
TIMETEST

4,%-31 (9730/78)

Page Numbepr

4.45-10
4.46-23
8.46-23
4.46-12
4.46-17
4.46-1
4.46-10
4.46-12
4.46-16
4.46-10
4.48-11
4.114-25b
4,114-25 b
4.114-as b
4.114-25 b
4.114-5
4,138-1
4.48-18
4.28-12¢
4.147-1
4.3-5
4.103-1
4.122-1
4.75-1
4.26-14
4.26-14
4.26-15
4.26-15
4.26-15
4.26-15
4.26-15
4.41-15
4,41-29
4.140-}




X 4.4

Section Number

4.85.1

4.41.11.58
4.41.11.46
4.41.71.30
4.4a1.1.29
4.61.11.56

4.41.11.28
4.1(2.8.5

4.162.8.5
4,162,8,5
4.162,8,5
6.161.8,3
4,16%.8.4
4.161.8.2
4.16% .8
4.16%.8.5
4,162,8.5
4.16%,8,5
4.16-,8.5
4.8.1
4.8.6
4.48.8.29
4.60.8.1
4.60.8.2
4.60.8.3
4,60.9.2
4.95.)
4.73.8.3

« 4,48.8.39

GENERAL COMMENTS AMD INDEXES

Entry Point

TRNSP
TRYTEM
TRPLT
TTPROR
TTRAPR
TTRIAS
TTRIRG
UDG1-UDGS
UDO3AN
UDO3AP
UD03AR
UDO3PB
u003Pp
_UDO3PR
U300

Up0301-400319

ubo3as
ub03ze
L00330
UMFEDT
UMFZ80
YALVEC
VOR
VDRA
VDRB
¥DRBD
VEC
YECPRT
WILVEC

4,1-33 (9/30/78)

Module Name

TRNSP
556)
$561
$561
§5G1
SgGl
SSG1

ALG
ALG
ALG
ALG
ALG
ALG
ALG
ALS
ALG
ALG
AL6
ALG
UMFEDIT
UMFERIT
READ
YOR
YDR
YOR
YDR
VEC
MALPRT
READ

Page Number
4.85-1
4.&!-34
4.41-30
4.41-25
4.41-25
4.41-33
4.41-2%

4.162-6
§.162.5
4.16) -5
4.162-6
4,1621-4
4,162-4
4.,161-4
41641
4.161-5
4,162-6
§.162.¢
§.16L-8
4.8-1
4.8-2
4,48-19
§.60-5
4.60-6
4.60-6
4.60-7
4.95-1
4.73-3
4.48-1%

[P S L W PNr SR T R TP




GENERAL COMMENTS AND INDEXES

N

Section Number Entry Point Module Name Page Number
= §- 4.76.8.2 WRTMSG PRTMSG 4.76-2
I 1.26.8.17 WRTPRT pLOT 2.26-128
}" 4,4,5.5 XBCDBI XSGRT 4,64
. 4.1.6.2 XBSBO XGP 4.7-10
i { 4111 ACEI pEPT 4.1
f', : 4.11.6.1 XCET REPT 4.11-2
412.1 XCE1 Juve 8121
4.13.1 ACEI COND 4,131
4.18.1 XCEI EXIT 4.18-1
4.18.1 XCET END 4,18-1 i
4.10.1 XCHK CHKPNT 4.10-1 »
4.9.5.2 XCLEAN XSFA 4.9-4 : _,
b
:
¥
L
8
i

§,%-33a (9/30/78)
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" OF POOR QUAL“‘ HOLULE FLLOTIONAL CDSCRIPTICNS i
i 1Y Lensia I'zaning Inftialed to
g' 1s7R : Storace flag for P16 titles 1
. iSu3 i Subcase or master CASECC pointer i
- LKerp 1y K2pp
. 5Z2PP 1 Key worgs for dircct innut matrix selegtion R2pp
LZPp 1) M2Pp
: - psca 1 Key word for dwffprentlal stiffness set Dsca !
f selection .
' REPC 1 Key word for rapeat subcase subcase REPC
; ‘ i LENCC 1 Length of Lase Control Record 200
: LINE 1 Key word for {INE/page count LINE
11 -
M 1 Word to distinguish betwsen SUBCEH PMbb j
i SUBCASE .
- TFL 1 Key word for Lransfer function set selection TFL A
A
DEFA 1 Key word for default - jecification DEFA Snj
- ELST 1 Key word for elemer¢ stress set selection ELST
3 MAT 1 Key word for therinal material set selection  MATE
. PFRE ] Key word for output frequancy set selection QFRE
}q’ [HAG 1 Key word for real/imagirary printout IMAG
PHAS 1 Key word for magnitude/ohace printout PHAS
[H REAL " Key ward for real or real/imaginary nrintout REAL
l
: CMET 1 Key ward for complex sigenvalue set selection CMET
SDAM ! Key word for Structural darping Tahle for SOAM
use in rodal formulctign
! INER ] Key word for Inertia Relief £lement set INER
. selection
t
. ADIS 1 Key word for solution set displucement SDIS
? . selection
-% AYEL 1 Key word for solution set velocity selection SVEL
X AACC 1 fey word for solution set acceleration SACC
1 selection
HivHE 1 Key word for non-linear load set selaction han
CONF | Not used
- XYoL 1 Key word for XYPLAT packet delimiter XYPL
- PLCD 1 ey word for Piecowise Lirear set selection  PLC@
- i
1
g f
- 4.3-10 (9/30/78)
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OF POOR
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. e
FRPE N

QUALITY

JCLE

ed
@lied
HAR:
SILE
cost
FLUID
SUBS
AVEC
F@RC
RAND
XYgu
ILRA
PLTT
PLT2
XTiT
YTIT
TCUR
YTT1
YBTI
IBEN
EQUAL
PRRES

TEMP
CsP

4.

DatelvIve i

—_— e

1

I
1

CUUTUOLLE TEEY (ENIUT FILE PROCESSON,

h
1y

"

SR RTI

View word for soloction of Axis
Sy rrbric deandary comditian

he,

0L

ey

set

word for non=lingar gutbut
ieloctiun

vward Tor ple:unt delevion
selection !

Glny file name of XY control data blogk

BCo one

Key
Key
Kev
Key
Key
Key
Mot
Key
hey

Key

word for harronic output contro)
word for sine boundary condit’ons
word for cosine boundary conditions
word for fluid boundary conditions
word for SUBSLQ

word for solution set vector cutput
used

word for random set selection

word for XYPLAT packet delimiter

word for output load set selection

Gliip file name of BCD nlot tape

GlNP file narme of binary plot tape

key words for XY outout titles

Right shifted blank '000bL°

Right shifted ecoual 'ONO='

Alternate displacenent key word

Alternate displacerent key word
Contact surface point set key word
Interfaze with /SYSTEYs [S20 Section 2.4),

IFPY can set the fallowina cells of SYSTIH: -

a.
b.
c.

HPGR - (N2GR flaa),

NLPP < (Huwber of lines per nage}.
STFTLN -

1f a fatal orror is detected.

4.3-11 {9/30/78)

has |
—

DELE

XYCo
bbb
HARM
SINE
Casi
FLUT
SUBS
SVEC

RAND
XYgu
ALRA
PLT}
PLTZ
XTIT
Y717
TCUR

YTT!
YBTI

PRES

TEMP
csp

If a LIHE rard is supplied by the user.
Mfaterial Terperature Set ID). If a TENP(NATE) card

is supplied,

e

-

X
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OF POOR CQUALITY

EXLCUTIVE PREFACE MODULE IFP (INPUT FILE PROCESSOR)

Table 1(h}. Bulk Data Cards Processed by IFP Sorted by Internal Card Number.
A B t D E F 6 H 1 K L M N 9
1JHK
' 291 CTRIME 8 GEGM2 =2 12 16 913 1 &1 & S 6101 ) 4103
292 PTRIMG B GEPMZ -2 B 12 802 1 6201 8 SV cz01 -1 41D4
; 293 CTRPLTY 8 GEPM2 -2 12 16 913 1 6301 83 S1 6301 -) 41D5
| 294 PTRPLT) 2 EPT -2 B 201089 1 6401 84 S) 6401 -1 4106
. 295 TEMPG 9 GEgM3 -2 -8 20 -1 0 8509 85 S4 6500 -1 41E1
' 296 TEMPP4 9 GEEM3 -2 -8 20 -1 0 8609 86 S4 6601 -1 41E2
297 CRIGDR 10 GEpM4 -2 4 B 37 1 8210 8 S$3 6000 -] 41E3
298 CRIGD3 10 GEpM4 -2 -1 48 -] 1 8301 83 S3 7000 -1 41E4
L 299 CTRSHL 8 GEPM2 <2 12 16 913 v 7501 7% 81 7501 -1 41€5
- 300 PTRSHL 2 EPT -2 20 241005 1 7601 76 SV 7801 -1 41€6
= 301 CAERQ? 4 £0T 0 12 16 29 1 430t 43 S5 6400 -1 4241
302 CAERP3 4 EQT 0 16 16 39 1 4400 44 S5 6400 -1 42p2 i
. 303 CAERP4 4 EOT 0 16 16 3% 1 4500 45 S5 400 -1 42A3
' 304 PAERP2 4 EOT 0 16 16MN62 1 4601 46 S5 6510 -1 4284
: 305 PAER@3 4 EDT 0D 4 24 801 1 4701 47 85 6520 -1 4245
; 306 PAER@4 4 EDT 0 -4 8 -} 1 4B01 48 S5 6530 -] 4246 3
> 307 SPLINE3 4 EOT 0 -4 16 -1 0 4901 49 S5 6850 -} 4281 .
O 308 GUST 5 DIT 0 4 B8 165 0O 1005 ‘0 S5 7600 -1 4282 b
g; 309 CAER@S 4 EDT 0 16 16 39 1 5001 0 Sb 6400 -1 4283
. 310 PAER®S 4 DT 0 -4 8 -l 1 5101 81 $5 7700 -1 4284
AR 311 DAREAS 7 DYNAMICS 0 -4 91080 0 9027 90 S5 3300 -1 42B5
o L 312 DELAYS 7 DYNAMICS 0 -4 91080 O 9137 91 55 3300 -] g§g$
I 313 (OPHASES 7 DYNAMICS o -4 91080 0 9277 92 55 3300 -1
l : 34 TICS 7 DYNAMICS 0 -4 g 1153 0 9307 93 S5 330 -1 422
. 75 C3P 10 GEOM4 0 -4 g8 -1 0 3200 #9153 290 -} 4103
7/¢ STREAMLY 4 EDT 0 -4 8 .1 1 3292 92 $3 2920 ~) 4104
27 STREAML2 4 EDY 6 t2 16 45 1 3293 93 S§3 3010 -l 4105

=R

4.5-13b (12/31/77)

. ¥
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Table 2{d).

65
66
67
68
258
168

249
259
261
59
280
57
58
297
279
284
298
18
61
227
228
115
217
104
287
BO
54
285
52
53
79
282
291
56
55
293
299
49
62
50
218
257
162
n
a1
183
ne
123
119
22

EXECUTIVE PREFACE MODULE IFP (INPUT FILE PROCESSOR)

B c

CHASSI
CMASS2
CMASS3
CMASS4
CNGRNT
CPHCT
CONCTT
CaNM
CONMZ
CONRRD
CORDIC
CBRDIR
CPRDIS
C@rD2C
CPRDZR
CPRD2S
CODMEM
CQDMEM!
CODMEMZ
CQDMEM3
CODPLT
CQUADTS
CQUADI
CQuAD2
CRIGDR
CRIGD)
CRIGD?2
CRIGD3
CRpD
CSHEAR
CsLAT3
CSLAT4
Cep
CTETRA
CTPRORG
CTRAPAX 1
CTRAPRG
CTRBSC
CTRIAAX 1
CTRIAY
CTRIA2
CTRIARG
CTRIATS*
CTRIMB
CTRMEM
CTRPLT
CTRPLTI
CTRSHL
CTUBL
CTWIST
CvIsC
CWEDGE
CYJRIN
DAREA
DAREAS
DEFQRM
DELAY
DELAYS
DL@AD
oMl
DMIAX

DOMOODPOE =t s = OHIOOCOOO OO0 00D
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D

GEpM2
GEPM2
GEpM2
GE{pM2
GEPM2
GEQM4
GEPM4
GEPM2
GEPMZ
GEPM2
GEAMI
GEAMI
GEPM1
GEPM1
GEPM]
GEAM
GEPM2
GEPM2
GEBM2
GEPM2
GEAMZ
GEPM2
GEPMZ
GE@MZ
GEQM4
GE@MA
GEDM4
GEPM4
GEPM2
GEAM2
GE@M2
GE@M2
GEZM4
GE@MZ
GEAMZ
AXIC
GEPM2
GEBMZ
AXIC
GE@M2
GEPM2
GEAM2
GEPM2
GE@MZ2
GE@M2
GEPM2
GEAM2
GEPM2
GEPM2
GEDOM2
GEPM2
GEPMZ
GEPM4
DYNAMICS
DYNAMICS
EDT
DYNAMICS
DYNAMICS
DYNAMICS
PRQL
HATP2RL

E

[=f=JajoRal-lriolsfulelafacfelaololalelaleleaYaY -]

i
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4.5-17 (12/29/78)

20
12

_._,_,.J.J.J
MMM R 00 R o h oo e 0 o B

20

— et —
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-

o
WD OY 00O 00 CO W Oh 0O 0

H

337
397
37
409
-1
-1
-1
349
377
277
37
37
37
45
45
45
326
325
326
325
329
1045
325
325
37
-1
-1
-1
37
337
877
877
-1
337
750
325
737
313
313
313
313
738
1047
913
313
33
913
913
37
337
37
525
=1
101
1080
157
107
1080
-1
-1
-1
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1001
1101
1201
1301
5008

210

110
1401
1501
1601
170
1801
1901
2001
2101
2201
2601
2008
5308
5408
2701
4108
2801
2901
8210
5310
5410
8310
3001
3101
4408

4508
329)
5508
1908
7042
1808
3201
7012
3301
3401
1708
5908

6101

3501
3601

6301
7501
3701
3801
3901
5608
5210

27
9027
104
37
9137
57

0
214

K

L

TR SR

" Coa
Wbk

° mpag

W

OF POOR QUALITY

M

3620
3623
3674
3697
5245
2900
2800
3580
3600
3260
600
500
700
900
800
1000
3460
3460
3460
3460
3460
2020
3460
3460
6000
2010
2060
7000
3281
3540
4500
4600
2910
4100
1040
2040
800
3360
21
3360
3360
790
2021
610!
3360
3360
6301
7501

3agz -
3540
3283
4200
5240
1820
3300
2500
1820
3300
4060
1190
4500

Bulk Data Cards Processed by IFP, Sorted Alphabetically by Card Name.

N

-1
-1
-1
-1
-1
-]
-
-1
-1
-1
-1
-]
-1
-
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
0
0
-1
-1
-]
0
-1
-1
a
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-]
-1
-1
0
-1
-]
0
-1
0
0
-1

o
LJHK

13A5
13A6
138!
1382
33C6
23C6
23ty
1343
13A4
1205
1146
11A5
1181
1183
1182
1184
1206
3383
3301
3303
12E6
4184
12€3
12e4
41E3
4183
41c2
41E4
12C6
13A1
32C5
32c6
41D3
3287
2102
41C5
1302
1206
41C3
1204
1205
1301
4186
4103
12€2
12E1
41D3
41E5
1201
13A2
1202
3282
33Cs

4285
1303
31A3
4286
22A3
21E5
3285
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266 SPLINEI]
267 SPLINEZ

Table 2(1).

A B c
207 RINGFL 15
131 RLEADY 7
132 RLPAD2 7
245 SAME® 10
246 SAMEl* 10
153  SECTAX 15
135 SEQEP 7
4 SEQGP ]
268 SETI 4
269 SET2 4
231 SLBOY 15
25 SLPAD 9
16 SPC 10
13 SPCADD 10
148 SPCAX 15
256 SPCD 10
174 5PCS 10
172 SPCSD 10
173 spCs] 10
12 spCl 10

105
175

4
307 SPLINE3 4q
SPRINT 8
55)150%%

b STREAML

317 STREAML2

151 SUPAX
14  SUPERT
162  TABOMP
133 TABLED]
134 TABLED?
140 TABLED3
141 TABLED4
93 TABLEMI
94 TABLEMZ
95 TABLEM3
96 TABLEM4
97 TABLES?
191 TABRND!
188 _ TABRNDG
27 TTEMP
155  TEMPAX

98 TEMPD
295  TEMPG

201 TEMPP)
202 TENPP2
203 TEMPP3
296 _TEMPPS.
204 “TEMPRB
136 TF

137 TIC
314 TICS
138 TLOAD)
139 TLPAD2
169 TRANS

142 TSTEP

192 UDEF
193 USET
194 USEM
290 VARIAN
289 . VIEW
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MODULE FUNCTIONAL OESCRIPTIONS

Bulk Data Cards Processed by IFP, Sorted Alphabetically by Card Name.

D

AXIC
DYNAMICS
DYNAMICS
GEQM4
GEPM4
AXIC
DYNAMICS
GEPM)
EDT

EOT

AXIC
GEQM3
GEPMa
GEPM4
AXIC
GEQM4
GEPMA
GEPM4
GEQM4
GEQMA
EDT

EOT

EDT
GE@M2

EDT
EBT

AXIC
GEPM4
DIT

DIT

DIT

DIT

DIT

DIT

DIT

DIT

BIT

DIt

DIT

DIT
GEAM3
AXIC
GEM3
GEPM3
GEQM3
GEAM3
GEPM3
GEM3
GEPM3
DYNAMICS
DYNAMICS
DYNAMICS
DYNAMICS
DYNAMICS
GEAME
DYNAMICS
GEMA
GEPM4
GEPMY
EPT

EPT

E

Sl e e Y N Y Y N N Y Y Y Y Y =T~ ]

0
0

1
OO0 OoOONOOOONOOOOOOCOooDODOOoODOOOOoC

F

[
- T N S N N

-4

q

-8
-4
-4
-4
-8
-4
8
4
-4
8
8
12
4
-4
-4
-4
-4

.4

6

-—

-
WO N 00 R £ 0 00 0 OO TN G2 Q0 £ D D 03 o 00

— ot Py
LR oM

0

16

-]
8
16
16
16
16

16

16
16
16
16
16
16

8

8

8
12
20
¢
10
10
20
10
12
12

9

8
16
16

8
16

0
10
16

8

H

497

1000

102?
794

|

45
337
37
-1
-1
-1
-1
-1
-1
-1
R
-
-1
-
1
157
237
269
-1
-1
1
-1
-1
-1
-1
713
1153
681
689
45
-
-1
1065
-
-1
326

.5-20 (12/29/78)
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8315
5107
5207
7810
7910
6015
5707
5301
3502
3602
1415
5401
5501
5491
6215
5110
810
610
710
5481
3302
3402
4901
5551
4710

3292
3293

6415
5601
15
1105
1205
1305
1405
105
205
305
405
3os
55

56
5701
6815
5641
8509
8109
8209
8309
8609
8409
6207
6207
9307
1107
7207

310
8307

110
210
4202
2606

Sz
52
52
52
S
53
34
54
54
sS4
54
54

54

51
51
5
53
3
55
51
55
S5
s5

51

M

3300
1310
1310
4500

1530
40

5300
5600
4600
2500
1600
4020
1480
1600
3500
3300
3400
3980
<700
6800
6850
1050

2920

3010
1500
1400
930
930
930
930
960
930
930
930
960
930
930
1000
2500
1550
980
6501
2100
2200
2300
6601
2400
1360
1370
3350
1380
1390
3000
1420
4300
4400
4500
1410
5175

L]
D O0O=~~DDOo OO0 OO —O

1

=1
-1
-1
-1
-1
-]

@
TJHK

31E3
27285
2286
33A5
3346
23A3
22C3
11A4
33E4
33E5
3203
11E1
11C4
1101
22€4
33C4
23D6
2304
2308
1186
33g2
33E3
4281
21C3

23E1

41D4¢
41D5

2381

11C2
2386
22C1

2202
2202
2203
21A3
2174
21A5
2146

2181

3185
ez
11E3
2345
2182
41E1
3103
34
3105

4)E2
316

2204
22C5
42C2
2206
220
230
2204
3186
30
31C2
4102
410
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MODULE FUNCTIONAL DESCRIPTIONS

The influence coefficients are computed by MBCAP, then SKJ {Idenvity) 5 output, and finally
MBOPDH is called to compute and output the AJJL contribution.

Whing Y

Section two 15 a call to STPPTZ with outputs DIJK (Identity) and DZJK (NuIl).

==

4.114.7.4 Strip Theory Method

e ¥

Section one of the Strip Theory Method is driven by Subroutine STPDA. STPDA reads the ACPT,

By

o=
Ty

fills incommon STRIPL, and sets up pointers to common STRIPX where the various arrays will be

» '?;:_j::-
—

stored. After all the input arrays have been set up an SKJ (Identity) matrix fsbuilt.

_oick ey 8 F—

T T L s
w oo

- STPDA then calls: STPBG to build a BM and GM matrix for each strip; STPPHI to build the PHI
G {, functions for each strip; and finally STPAIC to combine these matrices and build AJJL.
I“ Section two is a call to STPPTZ which output D1JK (ldentity) and D2JK (Hull).

Ay -

4,114.7.5 Piston Theory Method

i

Section one of the Piston Theory method is driven by subroutine PSTAMG. PSTAMG reads the

Tabee oduyomar Cof seren Lo

- ACPT and sets up the core pointer to the arrays. Then SKJ {Identity) is output and PSTA is : -
e 4]

A called to build AJJL,

- Section two i5 a call to STPPT2 with outputs DIJK {Identity) and D2JK (Null}, )

) 4.114.7. ¢ Compressor Blade Method

s
v
¥
r
-
v
>
L

E I“ The flow for Sectfon one of the compressor blade method is as follows. :

E - Subroutine AMGB! is the driver for this method. 1t reads in the ACPT record for

E? ’“ this method and locates reference parameters from the reference streamline on the

;i i blade. If there is enough core available, ft calls AMGBIA to output one matrix

E; l“ of the A?JL Tist. When AM?EIA is through, AMGB) bumps NR@Y and returns. SubriTive ‘
T ANGBLS s caled to 0uTpuT colunns of SKT, ;
; -:
E Subroutine AMGBTA outputs a portion of the AJJL matrix for each streamline

it

on the compressor blade. FRach streamline may be subsonic, transonic or supersonic,
depending on the Mach number for that streamline. Subroutine AMGBIE calculates
terms for subsonic streamlines. Subroutine AMGBIC calculates terms for supersonic

streamlines and subroutine AMGBID calcutates terms for transonic streamlines.

e

s e e i ma v e

4.114-6 (12/31/77)
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR)

Each submatrix of AJJL corresponds ta a blade streamline and 1s of order

HATHS X NSTNS, where NSTNS 1s the number of computing statfons on the blade, The
submatrices are located along the diagonal of AJJIL.

The flow for Sectfon two of the compressor blade method s as follows.
Subroutine AMGBZ prepares all the computatfons necessary. It reads the ACPT

record and locates the reference streamline parameters. Subroutine AMGB2A {3

called to calculate matrix [F=V] for each streamlfne. AMGB2
outputs the NSTNS X NSTNS submatrix for each streamline to [D1IK],

Each submatrix of [SKJ] end [D1JK]) has the following form:

[skd) = u - [F- Y37
and
[o10k] = [F-137

The [020X]) matrix s null.

4.114.8 Subroutines

Besides the module driver AMG, the subroutines of Section one are divided into groups by
me}hod:

For the Doublet Lattice Methods five subroutines are shared:
SHPDF, INCR®, TKER, IDF1, and 1DF2

The Doublet Lattice Method without Bodies also uses:
DLAMG, GEND, DPPS, and SUsP

The Doublet Lattice Method with Bodies also uses:

DLAMBY, SUBI, AMGBFS, F2Y2, FuUMW, BFSMAT, AMGROD, AMGSBA, GENDSB, DPPSB, DPZY, DYPZ,
DZPY, SUBB, SUBPB, DZY, FLLD, TVQR, DZYMAT, and REWDZY

a.nts-sa(g/ag/ze)
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR)

ALPH - Alpha array {angle of attack)
THl1 - Theta array (thickness ratio)
AJIL -~ GIND file number

4.114.8.4] Subroutine Name: AMGBI]
1. Entry Point: AMGBI
2. Purpose: Driver for the compressor blade method for ATTL awd SET GoweraTiew.
3. Calling Sequence: CALL AMGBY (INPUT, MATPUT , SRT)

INPUT = GINR file number for ACPT
MATBUT = GIN® file number for AJJL
SKJ s GINQG file number for SKJ
4.114.8.42 Subroutine Name: AMGBIA
1. Entry Point: AMGBIA

2. Purpose: Output all the columns of AJJL associated with 3 record
of ACPT.

4.114-25 (12/31777)
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FUNCTIONAL MODULE AMG {AERODYNAMIC MATRIX DISTRIBUTOR)

3. Calling Sequence: CALL AMGBIA (INPUT, MATQUT, AJJ, AJJT, TEBNX,
TAMACH, TREFD) '

I 1 . O
pm——— myra
" '

INPUT = GIN@ file number of ACPT
MATOUT « GIND file number of AJJL

mp ey A ¥
) i ]

AJJ = Storage for AJJL submatrices - complex

(- LR e

- AJJT = Storage for one column of AJJL
[, TSPNX = Stores position of transonic submatrix in AJJL for a particular
.. transonic streamline
- {_ TAMACH = Stores Mach numbers of transonic streamlines
. TREFD = Stores reduced frequencies of transonic streamlines |
3 [. 4.114.8.63 Subroutine Name: AMGBIB L
S ;ﬁ'
e {i 1. Entry Point: AMGBIB

2. Purpose: Calculates AJJL terms for subsoniec streamlines.

}‘ 3. Calling Sequence: CALL AMGBIB {AJJL)
; { AJJL = Location to put subsonic AJJL submatrix for this streamline
[, §.114,.8.4Y Subroutine Name: AMGBIC
. 1. Entry Point;: AMGBIC
l 2, Purpose: <Caleculates AJJL terms for supersonic streamlines.
s (- 3. Calling Sequence: CALL AMGBIC {AJJL)
S AJIL = Location to put supersonic AJJL submatrix for this streamline
:"f -
18]
A
E. .
\k
e
;e
-+ "
kg
;} .

4.114-454(9/30/78)
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2. Purpose:

PR

T 3. Calling Se

[re—y

1
? I T8PNX =
— z
{- TAMACH = V¥
TREDF = V
- !; 4.114.8.66 Subrout
i 1. Entry Poin

)

2. Purpose:

{“ Air Force
3. Calling Se

[- NL 3
- LY, NL2 =
t- NM =
AJy &

TA =

j»i . 4.114.8.67 subrout

1. Entry Poin

& 5’ 2. Purpose:
{ 1

T T TS U IRV Py S A U ST MY ST TE

ONAL MODULE AMG (AERDDYNAMIC MATRIX DISTRIBUTOR)

4,114.8.65 Subroutine Name: AMGB1D

1. Entry Point: AMGBID

Calculates AJJL terms for transonic streamlines.

quence: CALL AMGBID (AJJL, TZPNX, TAMACH, TREDF)

AJJL e AJJL submatrices for all subsonic and supersonic streamlines.

t also contatns space for transonic submatrices.

tnteger) - vector - non-zero indfcates transoﬁic streamline
ero if known streamline

ector of streamline Mach numbers

ector of streamline reduced frequercfes
ine Name: INTERT

t: INTERT

To Tinearly interpolate by Mach number a transonic general

matrix given two known streamline matrices.
quence: CALL INTERT {NL, NL1, NL2, NM, AJJ, TA)

Streamline number of unknown transonic

Two known streamlinec

Size of matrix in AJJ = 2 ¢ NSTNS * NSTNS

Contains al) generalized Air force matrices far al}
streamlines

Vector of streamline Mach numbers

ine Names: SUBA, SU8BB, SUBC, SUBD, ALAMDA, AKP2, AKAPPA,
DLKAPM, ASYCON, AKAPM, DRKAPH

ts: The same as name

Called by AMGBIC

4,114-25b (5/30/78)
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FUNCTIONAL MODULE AMG {AERODYNAMIC MATRIX DISTRIBUTOR)

4,114.8.48 Subroutine Name: GAUSS

1.

2.

3.

Entry Point: GAUSS
Purpose; Equation Solver used by AMGBIA,

€Calling Sequence: CALL GAUSS (A, N, NL)

4.114.8.{9 Subroutine Name: AMGB2

Entry Point: AMGB2

Purpose: To output the compressor blade parts For matrices D1JK
and D2JK.
Calling Sequence: CALL AMGBZ {INPUT, HIJK, W2JK)

INPUT = GIN@ file number for ACTP

WI1dK = GINP file number for D1JK
W2JK = GIN@ file number for D2JK

4.114.8.7¢ Subroutine Name: AMGB2A

1.

Entry Point: AMGB2A

Purpose: Calculate [F~1)] matrix used in the generation of PITK,
Calling Sequence: CALL AMGB2A (INPUY, FMAT, XY2B, INDEXJ

GING file number of ACPT

INPUT =
FMAT = Location for [F~1] matrix
XYZBE = Location for basic coordinates of nodes on streamline

INDEX = HWork storage for INVERS

4.114.5¢ (9/30/73)
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX DISTRIBUTOR)

4,114.8.71 Subroutine Name:; AMGBiS

1.

2.

Entry Point: AMGB1S

Purpose: Calculate [F-1) matrix and ¥ factor used in the generation of

5KJ.

Calling Sequence: CALL AMGBIS (INPUT, FMAT, XY28, INDEX, RADII, WFACT,
NLINE)

INPUT = GIN@ file number of ACPT
FMAT

Location for [F-)] matrix

XYZB = Location for basic coordinates of nodes on streamliine
INDEX = Hork storage for I[HVERS

HFACT = Factor for output

NLINE = Rumber of streamlines

RADIE = Streamline radius

4.114254 (9/30/78)
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4.114.9 Design Requirements

For Section one, four buffers are allocated at the bottom of core.

buffers are allocated at the bottom of core.

but they must not overlap these buffers,

4.114.90

Common Blocks

AMGMN - Doublet Lattice without Bodies Communication

Words
1-7
8
9
10
n
12
13
14-20
21
22

AMGP2

Words
1-7
8-14

MCB -
NREW -
N -
NE -
REFC -
FMACH -
RFK -
TSK) -
sk -
NSK -

Tratler for AJOL
Last row number output for any method on AJJL
Y-symmetry flag
Z-symmetry flag 1 record of AER@ Data Block
Reference card
Mach number (M)

} Pairs from 2 record of AERP Data Black
Reduced frequency
Trailer for SKJ

Row number to start building on SKJ

Last row number output for any method on SKJ

- Section Two Communication

THIIK -
TW2JK -

trailer for D1IK
trailer for D2JK

- Doublet Lattice without Bodies Communication

NP -
NSTRIP-

number of panels

number of strips

4.11425€ (9/30/78)

For Section twa, three

tach method may have its own open core common block
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MODULE FUNCTIONAL DESCRIPTIONS

STRIPX - Strip Theory Open Core

[ Strip Thez,, Airays
from ACPT

--------------------------------

---------------------------------

- e T
ey mwny Ely
-
-
m
m

i: SKJ

& AddL

4 Buffers RERD

' RPT

- -

T PSTPNC - Piston Theory Communication _
. { Words Co
o1 % |
XA 1-9 Words 2-10 of ACPT record g

sigpalega

1R

PSTENX - Piston Tneory Open Core

Piston Theory Arrays b
from ACPT

Bk 4kl o N
i 4
PR SRR I

..................................

ey —u-s—..i o> dekap
. 2.

: FREE
t i SKJ
A 4 Buffers 2—"%,——

? { ACPT

-
; i {*

A

di

A‘

f E; .

T i V

e - o T el
TR AT 5§ WETDTe Y
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FUNCTIONAL MODULE AMG (AERDDYNAMIC MATRIX GENERATOR)

BAMG2L = Crrwmon Blocks for Compressor Blade Method

BAMGIL and
Hords:
1 IREF -
2 MINMAC -
3 MAXMAC -
4 NLINES -
5 NSTNS -
& REFSTG -
7 REFCRD -
8 REFMAC -
9 REFDEN -
10 REFVEL -
1 REFFLD -
12 SLK -
13 HSTNSX -
14 STAGER -
15 CH@RD -
16 RADIUS -
17 BSPACE -
18 MACH -
19 DEN -
20 VEL -
21 FLPHA -
22 AMACH -
23 REDF -
24 aLsPC -
25 AMACHR -
26 TSONIC -

Reference streamline number

Parameter MINMACH

Parameter MAXMACH

Number of streamlines on blade

Number of stations on blade

Reference blade stagger angle

Reference blade chord

Reference Mach number

Reference density

Reference velocity

Re erence flow angle

Streamline number

Number of stations on streamline

Blade stagger angle

Blade chord

Radius of streamline

Blade spacing

Relative flow Mach number at blade leading edge
Gas density at blade leading edge
Relative flow velocuty at blade leading edge
Retative flow angle at blade leading edge
Internal Mach number

Internal reduced frequency

Internal blade spacing

Internal reference Mach number

Transonic indicator

4,114~ 30a. (12/31/77)
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MODULE FUNCT1ONAL DESCRIPTIONS

Toey ANy

BAMGXX - Open Core for Comgrensr Blades

=

Words 6
to
End of Record on ACPT

S

--------- o el -

Column of AJJL

7=

24NJ
gt Free ’
g, SKJ

4 Buffers AJJL

> .

BAMG'2X - Open core for Section two

Record of ACPT

-------------------------------------

Free f .
!" i
D2JK
- 3 Buffers D1JK
ACPT '
-

.

4.114.10 Diagnostic Messages

System fatal messages 3001, 3002, 3003, 3007, 3008 and (10) 3061. User fatal messages 2264
and 2265.

8.114-70h (12/31777)
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MODULE FUNCTIONAL DESCRIPTIONS

4.115.8 Subroutines

Numerous utility subroutines are used by the functional phases as shown below.

] AMPA AMPB AMPC AMPD AMPE AMPF
o .
. CYCT2B CALCY CYCTzp CYCT2B CYCTZB CYCT2B
I 55G28 $562C $sG28 $5G28 $5628
MERGED CFACTR SKPREC §562A CFACTR
{ PARTN CFBSOR SKPREC CFBSPR
FILSWI FILSHI
'_. I TRANPI SKPREC
; ' SSG2B
P 4.115.8.1 Subroutine Name: AMPA
|
% C 1. Entry Point: AMPA
Ef s I . 2. Purpose: To provide a scenaric for later phases and to prepare for use of the appended

output files.
3. Calling Sequence: CALL AMPA (AER@, QJHL, QHHL, AJJL, QHHLE, QJHLP, INDEX, IMAX, IANY)
AERP, QUHL, QHHL, and AJJL are the GIN@ file numbers of their respective data blocks,

QHHLY and QJHLP are the GIND file numbers of two scratch files to hold valid submatrices from
QHHL and QJHL on restart.

INDEX 15 the GIND file number of the scenario data block., Its contents are as follows:

Record No. Hord Contents
0 1 Header
1 1 M column number
2 K column number
3 AJJL column number
4

QHHLS- column number (0 implfes recompute)

IMAX

4.115-8 (12/31/77)




FUNCTIONAL MODULE FA2 {(FLUTTER ANALYSIS - PHASE 2)

4.117 FUNCTIONAL MODULE FAZ (FLUTTER ANALYSIS - PHASE 2)

4.117.1 Entry Point: FA2

4,117.2 Purpose
To collect data for reduction and presentation for each loop through the configuration

parameters. .

4,117.3 DMAP Calling Sequence

FA2 PHIH,CLAMA ,FSAVE / PHIHL,CLAMAL,CASEYY,@VG / V,N,TSTART / C,Y,VREF=1,0 / C,Y,PRINT=YES s

4.117.4 Input Data Blocks

PHIH - Complex eigenvectors - h set, modal formulations.
CLAMA - Complex eigenvaiue output table,
FSAYE - Flutter storage save table.

Note: Mo input data block may be purged.

4,117.5 Qutput Data Blocks

PHIKL - Appended complex mode shapes - h set,

CLAMAL - Appended complex eigenvalue output table.

CASEYY - Appended case control data table.

VG - Qutput aeroelastic curve requests {¥-g or V-f).
Notes:

1. HNo oui:ut data block may be purged.
2. A1) output data blocks are read (DMAP attribute APPEND) on subsequent calls (FLPPP from
FSAVE # 1 if the method is K).

4.117.6 Parameters
TSTART - Integer-input/output-no default value. On input TSTART is the CPU time at the
start of the DMAP flutter loop. On output TSTART will be -1 if there is in-
sufficient time for another DMAP loop.
YREF - Real-user input; no default, Vout will be scaled by VREF:

Vout = vlvref

PRINT - BCD-user input-defauit = YES. If PRINT = N@, no flutter summary will be printed.
For YES the wing flutter summary will be printed.
For YESB the blade summary will be printed.

4,117-1 (9/30/78)
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4.162 FUNCTIONAL MODULE ALG {AERODYNAMIC LOAD GENERATOR)
4.161.1 Entry Point: UB0300

4.16.2 Purpose

The principal function of ALG is to generate an aerodynamic pressure and/or
temperature distribution for compressor blades. The ALG module may also be used
as a compressor blade mesh generator to punch GRID, CTRIAZ and PTRIAZ bulk data
cards. Bulk data cards STREAML! and STREAML2 can also be generaled by ALG by

user request.

4.162.3 OMAP Calling Sequence

ALG CASECC, EDT, EQEXIN, {BUSY), ALGDB, C3TM, BGPDT/ CABECCA, GEQM3A/
S, Y, APRESS/ &, Y, ATEMP/ V, Y, STREAML/ ¥, ¥, PGE@M/ V, Y, IPRT/
S, N, TFAIL/ V, Y, SIGN/ ¥, Y, ZPRIGN/ V, Y, FXC@PR/ V, Y, FYCOQR/

V, Y, FZCOPR %

4.162 .4 Input Data Blocks

CASECC - Case control data table

EDT - Aerodynamic bulk data cards
EQEXIN - Equivalence between external brid or scalar numbers and internal
numbers
AUGY b Displacement vector matrix giving displacements in the g-set
UBGY
ALGDB - Lompressor blade data table
CSTH - Coordinate system transformation matrices
BGPDT - Basic grid point definition table
Notes:

1. CASECC and ALGDB cannot be purged.

2. AUGY or UBGY can be puryed.

4.162-1 (9/30/78)
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FUNCTIONAL MODULE ALG (AERODYNAMIC LOAD GENERATOR)

3. EQEXIN, CSTM and BGPDT can be purged {f AUGY is purged.

4, EDT can be purged §f AUGY 15 purged and parameter STREAML = -,

5. ALGDS may be input via DTI bulk date cards.

4.162.5 Output Data Blocks

CASECCA - Revised case control data table

GEQM3A

Note:

- Static load and temperature tabte

1. CASECCA and GE@M3A may not be purged.

4.16L .6 Parameters

APRESS

ATENP

STREAML

PGEQM

IPRT

- Input - integer - default = -1, If APRESS » 0, then aercdynamic

pressures will be generated,

- Input - integer - defaylt = -1, If ATEMP » 0, then aercdynamic

temperatures will be generated.

- Input - integer - default = -1. Controls the punching of STREAML]

and STREAML2 cards. STREAML = 1, punch STREAML] cards. STREAML = 2,
punch STREAMLZ cards. STREAML = 3, punch both STREAML1 and STREAMLZ

cards.

Input - integer - default = -1. Controls the punching of blade
geometry bulk data cards. PGE@M = 1, punch GRID cards. PGE@M = 2,
punch GRID, CTRIA2 and PTRIAZ cards., PGEOM = 3, punch GRID cards

and the modified ALGDB table on DTl cards.

Input ~« integer - default = 0. If IPRT » 0, then intermedfate

print will be generated based on the print coption in ALGDE data
table.

4.16L-2 (9/30/78)
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FUNCTIONAL MODULE ALG (AERODYNAMIC LOAD GENLRATOR)

IFAIL - Qutput - integer - default = 0. Set to -1 if there is a convergence
failure.

SIGN - Input - real - default = 1.0. Controls the type of analysis
being performed. SIGN = 1.0 for standard blade analysis.
SIGN = -1,0 for design analysis.

ZPRIGN - Input - real - default = 0.0. Modification factor,.

FXCOBR - Input - real - default = 1.0, Modification facter.

FYCOPR ~ Input - real - default = 1.0, Modification factor.

FZCOPR - lnput - real - default = 1.0. Modification factor.

4,162.7 Method
{a) Data block ALGDB contains all the input needed to generate the aerodynamic

(b)

{c)

pressures and temperatures on the compressor blade. However, the aero-
dynamic loads are a function of the blade shape and the data defined in
ALGDB must first be modified to account for any change in the blade shape
or input via the displacement vector matrix AUGY. If AUGY is purged,
then ALGDB is not modified. The ALGDB data block is read and the aero-

dynamic loads are calculated for the compressor blade being analyzed.

The CASECC data block is read and a copy of it is ocutput to CASECCA with
changes to data items 4 and 7 for 311 subcases. In CASECCA, word 4 1is
set. to 60 if aerodynamic pressure loads were generated, and word 7 is

set to 70 if aerodynamic thermai loads were generated.

The GEPM3A data block contains aerodynamic load and temperature data.
1f parameter APRESS » 0, then PLPAD2 cards with set jdentification number
60 are stored on GE@M3A. If parameter ATEMP > 0, then TEMP and TEMPD cards

with set jdentification number 70 are stored on GEAMIA

4.162-3 (9/30/78)
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FUNCTIONAL MODULE ALG {AERODYNAMIC LOAD GENERATOR)

Parameters STREAML and PGEPM control the punching of bulk data cards
STREAMLY, STREAMLZ, GRID, CTRIA2, PTRIAZ and DTI. The ALG modulec may be

used in a one module DMAP progran as a compressor blade mesh and

geometry generator as follows:
BEGIN &
ALG CASECC,,, ALGDB,,7CASECCA,GEPM3A/C,N,-1/C N,=-1/C N, 3/C ,N,2/C,N,T$

END §

4,162,8 Subroutines Called

4.162.8.1

Utitity subroutines GMMATS, PRETRS and TRANSS are called.

4.141.8.2 Subroutine Name: UDO3PR

1.

2.

3.

4.142.8.3

1.

2.

3.

Entry Point: UDO3PR
Purpose: Modify ALGDB data block.

Calling Sequence: CALL UDO3PR (IERR)

Subroutine MName: UDOQ3PB

Entry Point: UDO3PB
Purpose: ldentify data fields as being efther BCD alpha, real or integer.

Calling Sequence: CALL UDQ3PB (IDAT, NTYPE)

4.16%,8.4 Subroutine Name: UDO3PQ

Entry Point: UDO3PP
Purpose: Generate data blocks CASECCA and GE@M3A,

€alling Scquence: CALL UDO3PR (SCR1)

4.162-4 (9/30/78)
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4,162 ,8.5 Subroutine Name: UDOIAP

1. Entry Point:

2. Purpose:

3. Calling Sequence:

I PP ErTeR PR e SR

UDO3AP

Punch the modified ALGDB table dats block on

DTI Bulk Data cards 1f parameter PGEPM - 3.

-

§.162-4a (9/30/78)
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CALL UDO3AP (IFNAME, IFNM)
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FUNCTIONAL MOBULE ALG {AERODYNAMIC LOAD GENERATOR)
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4.162.8.6 Subroutines: UPO3AN, UDO3AR, UPCG3I01-UDD319, UDOD325, UDD326, UDOD329,
UD0330 and UDG)-UDGY are describad in refcrences

1

ARL-72-0171, AD-756879; and ARL-75-0001, AD-AQ09273,

e 4,12.9 Design Requirements

1. ALG uses 4 scratch files.

: 2. Overlay considerations - to maximize open core, ALG could ook as follows:
ubp300
1
\ £ L L } o
Upo3PR ThIkF V] UDO3AR uoo3rPp g
upo3ars upe313 up0301-UD0307 5 )
[ UDO3AP upg3la uD0309-ud0312
o 1 Up0315 upo325 !
[ uD0316 uD0329
H uoo37 UD0330
e uD0318 UDG1-UDGY .
Un0319 T :

' [
[unoaoa] UD0326 |
- I/ALGxx/[ f ﬁ

4.162 .10 Diagnostic Messages

Y

i iOb bl il b R IS A AT

¥

The following messages may occur: 3001, 3002, 3003 and 3008.

3.14L-5 (9/30/78)
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FUNCTIONAL MODULE APDB (ALRODYNAMIC POOL DISTRIBUTOR FOR BLADES)

4.1¢3 FUNCTIONAL MODULE APDB (AERODYNAMIC PQOL DISTRIBUTOR FOR BLADES)
4.163.1 Entry Point: APDB

4.165 .2 Purpose

Bulk data cards which control the solution of aerodynamic problems are
processed and assembled into various blocks for convenience and efficiency in
the solution of the aerodynamic problem. APDB also generates the transformation

matrix [Gka]T {GYKA)} and the partitioning vector PVECT,

4.163 .3 DMAP Calling Sequence

APDB EBT, USET, BGPDT, CSTM, EQEXIN, GM, G@/ AERP, ACPT, FLIST, GTKA,
PYECT/ V, N, NK/ V¥V, N, NJ/ ¥V, Y, MINMACH/ V, Y, MAXMACH/ ¥, Y, IREF/
¥, Y, MTYPE/ ¥, N, NEIGV/ V, Y, KINDEX = -1 %

4.163.4 lnput Data Blocks

EDT

[}

Aerodynamic bulk data cards

USET - Displacement set definition table

BGPDT - Basic grid point definition table

£5TM - Coordinate system transformation matrices

EQEXIN - Equivalence between external points and scalar index values

GM - Multipoint constraint transformation matrix
GO - Structural matrix partitioning transformation matrix
Notes:

1. EDT, USET, BGPDT and EQEXIN cannot be purged.

2. CSTM may be purged 1f all points are in the basic system.

4.163 -1 (9/30/:8)
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FUNCTITONAL HOOULE APDB {AERODYNAMIC POOL DISTRIBUTOR FOR BLADES)
3. GM and GP may be purged {f there are no multipoint or no omitted
points.
4,163 .5 Dutput Data Blocks
AERD - Control information for control of aerodynamic matrix generation
and flutter analysis
ACPT - Information pertaining to each independent group of aerodynamic
elements
!
FLIST - Contains AERP, FLFACT and FLUTTER cards copied from EDT
GTKA - Aerodynamic transformation matrix - XK set to a set ?
PYECT - Cyclic modes partitioning vector for matrix PHIA from modulte CYCTZ
Notes:
1. AER@, ACPT, FLIST and GTKA cannot be purged.
2. PVECT may be purged if there are no cyclic modes to be partitioned.

4,163 .6 Parameters

NK -

NJ -

Maxppcn -

MivMacH -

Output - integer - no default. Degrees of freedom in the NK

displacement set. '

Output - integer - no default. Oegrees of freedom in the NJ

displacement set. |

Input - real - default = 0.8. This is the maximum Mach number

below which the subsonic unsteady cascade theory is valid.

Input - real - default = 1,01. This is the minimum Mach number

above which the supersonic unsteady cascade theory is valid.

4.1?;-? {9/30/78)
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FUNCTIONAL MOOULE APCB (ACRODYNAMIC POOL DISTRIBUTOR FOR BLADES)

IREF

MYTPE

NEIGY

KINDEX

4.163 .7 Method

Input - integer - default = -1. This defines the streamline number
of the reference stream surface. IREF must equal an SLN on

a STREAML2 card, The default value. -1, represents the stream
surface at the blade tip. I1f IREF does not carrespond to an SLN,
then the default wil) be taken.

Input - BCD - default = CPSINE. This controls which components of
the cyclic modes are to be used in the modal formulation. MTYPE =

SINE for sine components and MTYPE = C@SINE for cosine components.

Tnput - BCD - no default. The number of eigenvalues found.

Uswally output by the READ moduyle.

Input - BCD - default = -1. MHarmonic index number used in cyclic

analyses,

Subroutine APDB is the main control program for this module. 1t allocates
buffers, reads input files, and initializes output files. APDB creates the AEHD,
ACPT and FLIST tebles and generates the PVECT partitioning vector. Subroutine
APDB1 generates the GTKA transformation matrix., APDBT reduces [619] to [Gla],

much Yike module 5562, using the following matrix operations:

T =T

gl = |
c7

KM

)

T T orgt T
(6,3 = [8, 1 [6,, 0+ [G]

.
Coxnd * 1 5ks
T
GKS

4.1463-3 (9/30/78)
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= “

T 4. et
(6ke? * |Ska

:
Gyg

i

T, T 1ol T

At each step where a matrix multiply is indicated, the multiply is skipped if the

e result is known to be zero (i.e., U or Uy are null).

4.1¢3.8 Subroutines Called

Utility routines BISL@C, CALCYV, S5G2B, TRANSS and GMMATS all called.

e

4.163.8.1 Subroutine Name: APDB?

-\— 5 _.“K !.
| ot

1. Entry Point: APDS]
Purpose: To generate transformation matrix [G;a]'

Calling Sequence: CALL APDBY (IBUF}, EBJF2, NEXT, LEFT, NSTNE. NLINES,
LCITM, ACETM, NBDEX, NQDEI, IZILC, XY2B).

4.167.9 Design Requirements

el e
L)

Open core is located at /APDBZZ/. APDB uses five scratch files.

4.163 .10 Diagnostic Messaqes

1/' - - ;_-": -

System fatal messages 3001, 3002, 3003, 3008 and 3037 may occur. The APDB

modute also generates its own messages that are not numbered. These messages are

self-explanatory.

s

—  @ew

4.167 -4 (9/30/78)
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STATIC ATROELASTIC ARALYSIS

7.22 RESTART TADLES FOR STATIC AEROELASTIC ANALYSIS

=y ey W

7. 1 Bit Positions for Card Mame Restart Tahle

-

Card Name Bit Pos. Card Name Bit Pos. Card Name Bit Pos.

s

CQoPLY

2
AXIC i ' CQUADL 2 PELAS 6
AKLF 1 CYuAD?2 2 PHASS T
’§- CELASY 1 €euADTS 2 HATL 8
A CELAS2 1 CROD 2 NAT2 8
i CELAS3 1 €SHEAR 2 MAT3 8
- CELASS | CTETRA 2 HATT) 8
ii CHASSI 1 CTORORG 2 MATT2 8
|- CMASS2 ) CTRAPAX 2 MATT3 8
’ CHMASS3 1 CTRAPRG 2 TABLEML 8
. CHASSG 1 CTRBSC 2 TABLEM2 8
CORDLC | cirlal 2 TABLEMS 8
CORDIR 1 CTR1A2 2 TABLLMG 8
CORD1S 1 CTRIAAX 2 TEMPMT$ 8
corp2C 1 CTRIARG 2 TEMPMXS 8
CORD2R 1 CTRIATS 2 AXESYMS 9
CORD2S 1 CTRMEM 2 CRIGD} 9
GRDSET 1 CTRPLY P CRIGD2 9
. GRID 1 CTuBE 2 HPC 9 %
GRIDB i CTwisT 2 HPCADD 9
: POINTAX 1 CWEDGE 2 MPCAX 9 ¥
) RINGAX l pPBAR 3 MPCS 9
RINGFL 1 PCONEAX 3 3PC 10
B SECTAX § PDUEL 3 $pPC1 10
SEQGP 1 POUN2 3 SPCADD 10
p SPCINT 1 POUN3 3 SPCAX 10
ADUML 2 PDUHS 3 SPCH 10
) ADUH2 2 POUKS 3 ASETY 11 b
ADUM3 2 POUMS 3 ASETL L1 oo
: ADUM4& 2 PDUMT 3 oMLY 1 : ‘
4 ADUMS 2 POUHS 3 OHITL 11 ' !
[ 1~ ADUMG 2 POUMI 3 OHITAX 11 y
] i~ ADURT 2 PIHEX 3 suPax 12
y b ADUHS 2 PODHEN 3 SUPCRY 12 i
: ADUM9 2 PQOMEM] 3 TEMP 13 _
e BAROR 2 PQOMEM2 3 TEMPAX 13 :
] CBAR 2 PQOMEM3 3 TEHPD 13 : :
y 4. CCONEAX 2 PQDPLT 3 TEMPPL 13 1 !
CDUML 2 POQUADL 3 TEHPPZ 13 ; [
- CDUM2 2 PQUAD2 3 TEHXPP3 13 ;
CDUHM) 2 PQUADTS 3 TEHPRB 13 ;
6~ COUMs 2 PROD 3 HTHASS la ;
COUMS 2 " PSHEAR, 3 GROPNT 15 I
. CDUHS 2 PTORDRG 3 PLOTEL le ;
a COUHT 2 PYRAPAX 3 IRES 17 ﬁ
1 cbuxa 2 PTRBSC 3 PLOTS 18 i
CDUMY 2 PIRIAL 3 POUTS L9 ,
: CHE AL 2 PTRIAZ 3 LOOPS 22 i
, CHEXA2 2 PTRIAAY 3 LOOPIL S 23 §
i CIHEX!L 2 PIRIATS 3 COUPHMASS 24 ]
' CIHEX2 2 PTRMEM 3 CPOAR 24
3 CIHEX3 2 PIRPLY 3 CPADPLT 24 1
o CONRDD 2 PTUBE 3 CPQUADL 24 ,
; gf CQDMEM 2 PINIST 3 CPOUAD2 24 o
. BT canmeml 2 GENEL 4 CPROD 26 A
CQOHEM2 2 CONHY 5 CRTHBSC 24 P
CQOMEM) 2 CONM2 5 CPTRIAL 24 ]
{
7.2 -1 {9/30/79) ‘ ﬁ
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' RIGID FORMAT RESTART TABLES
Card Name Bit Pos.
|
CPTRIAZ 24
: CPTRPLT 24
. CPTUBE 24 .
y CSP$ 25
- STREAML] 26
- DTI! 26
. APRESS 26
b ATEMP 26
- SIGN 26
7 20RI1GN 26
. & FXCOOR 26
: FYCOOR 26
- FZCOOR 26
o STREAML 27
_ PGEOM 27
KTOUT 28
s DEFORM 59
T DEFORM$ 59
i j LOADS 59
G ' RFORCES 59 '
1 SPCD 59 '
- FORCE €0
g 1 FORCE] 60 o
R FORCE2 60 g
; FORCEAX 60 ¥, 3
- LOAD 60 s
5] MOMAX §0
g MOMENT 60
E MOMENT] 60
S MOMENTZ 60
- PLOAD 60
PLOAD) 60
. PLOAD? 60 ‘
PLOAD? 60
PRESAX 60
SLOAD 60
GRAYV 61
RFORCE 61
TEMPLDS 62

721 -2 {5,/30/78)
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STATIC AEROELASTIC ANALYSIS

7.0L .2 Bit Positions for File Name Restart Vable

] File Name Bit Pos.
aceor 9%
| CETH 94
‘ EQEXIN 94
! GPOT 9%
GPL 94
; L3} 9%
i ECY 95
i GPTT 96
SLY 96
EST 97
‘ GE! 97
| GPECT 97
cPST 98
, KGG X 98
! MGG 99
I KGG 100
RG 101
USET 191
. vs 101
, 0GPST 102
b GH 103
L KNN 104
T KFF 105
e | KES 105
. KSS 105
- GO 106
: ®AA ice
XKoo 106
too 106
ey 107
PG 108
PL 109
FO 109
£S5 109
RULY 110
auov 110
ULy t10
11c

vooy

[ - L R DU R £ PP T, SN LS VT SRR

e b Ee e e b -

File Name Bit Pos.

PG
ac
UGy
0EF1
Q€31
opcl
0aGl
OuGvl
PUGYL
KOOICT
KDELH
KDGG
KDNN
KDFF
KOFS
KDSS
KDAA
KBLY
KOFS
KB5S
PBL
PBS
Y8s
LBLL
vaLy
ARUBLY
GBG
UBGY
OEFBL
0ESBL
oasct
Quscvl
PUBGY!
ELSETS
‘GPSETS
PLTPAR
PLYTSETX
RDICT
KELH
MDICT
HELNM
CASECCAL
GEOM3AI
SLTA
GPTTA)
PGAT
CASECCA
GEOM3A
SLTA
GPTTA
PGA
P2
LEQM3b
PGNA
AUGY
FGI2

7.4 -3 (9/30/78)
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12
112
112
i12
112
12
113
113
113
114
t1s
1is
115
116
17
117
139
iy
£y
117
118
119
119
120
120
121
izl
21
121
121
122
122
122
122
123
123
123

123 .

124
124
125
125
126
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7.22 .3

DMP
Inst.

BEGIM
GP1
SAVE
CoND
CHKPNT
6343
GP2
CHEPNT
85§

P AR AML
85§
PAR AMR
PURGE
558
CoND
858§
PLTSET
88
SAVE
$8S
PRTHSG
858
PARAH
559

P AR AM
855
COND
$5%
PLOT
855
SAVE
855
PPTMSG
358
LABEL
£55
CHKPNT
$55
GP3
SAVE
PAR AM
CHEPNT
£55
TAL
SAVE
COND
PURGE
CHKPNT
855

P AR AM
EMG

RIGIO FORMAT RESTART TABLES

Card Namé Restart Table

1 10
12345678901 234567879
H
1
i
H
&
12 45 b
12 435 &
-]
6
7
8
7
]
T
B
7
8
7
8
7
8
7
8
7
8
7
8
7
8
7
8
7
a
T
8
a7
12 3
12 3
12 35
12 3
&
1234567 3
1234567 3
12345678 3
1234567 3
1234547 3
]
1234 6
12345678

20

Bit Positian
30

234

7.12% .4 (9/30/78)
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DMp Bit Position

dsiad Aewl NN D

Inst, 1 10 20 30 40 50 60
: SAVE 12345678 !
. CHKPN T 12345678
B 855 -} . !
: cOND 1234 6 8
. EMa 1234 & 8
5 CHKPNT 1234 6 8
3 38% 6
- LABEL 12345 19 4 4
; g' conD 12345 78 4 4
- EMA 12345 78 4 6
3 CHRPNT 12345 78 4 4
o 85% 6
-, g LABFL 12345 718 4 4
E i coND 123 5 78 45 4
‘ $5S 8
f coND 123 5 78 45 4
{1 355 8 |
¢ GPHG 123 5 718 45 4 ¢
:, 85S 8
. 0Fp 123 5 78 4. 4 1
- 855 8 K
LABEL 123 5 78 45 % )
885 8 )
EQulY 1234 5 8
. CHKPNT 1234 6 8
¢85 & )
COND 1234 6 8 )
$M43 1234 & 8 §
CHEPNT 1234 6 8
- 85§ 6 .
LABEL 1234 & 8 !
P AR AM 1 9 !
6P & 1 9 9 '
SAVE 1 901 9
co*p 1 sall g
. PURGE 1 90 9
CHKPNT 1234 & 89 9
) 355 6
cOND 1 2 ;
. Jymp H 2
- LABEL ! 2 |
cOND 123 & 89
- GPSP 123 6 89 ' |
SAVE 123 & 89
. COND 123 6 8%
OFP 123 & 89
- L ABEL 123 & 89
cQUtY 1234 6 89
. CHERN T 1234 6 89
355 6
coND 1234 & a9
™
I
H i

i

7,22 -5 {9/30/78)
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RIGID FORMAT RESTART TABLES

L A

I DMP Bit Position
Inst, | 10 20 T30 40 50 60
' MCEL 1 9
J CHKPNT 1 9
$5S 6
MCE2Z 1234 & 89
CHKPNT 123¢ 6 89
J’ 133 6
3 LABEL 1234 & 89
EQUIV 1234 6 894
CHKPN T 1234 6 89(
T 855 6
i coND 1236 & 89(
v SCEL 1236 6 89
CHXPN T 1234 & 894
4- 855 6
LABEL 1234 & 864
EQUIY 1234 & 8941
CHKPNT 1234 6 89d!
. 355 6
] coND 1234 & B9QlL
| L 1234 6 89ql
CHKPNT 1234 6 89dl
§$5 6
: LABEL 1234 & asdi
] RBMG2 1234 6 8941
! CHUPNT 1234 6 sodl
$55 &
.- $5G1 123 5678 3 o012
| CHKPNT 123 5678 | 3 qoli2
| 855 6
PARAY 123 5678 3 ) sop2
.. coN9 123 5478 3 6 goll2
’ ALG 123 5678 3 87 90[12
coun 123 5678 3 8 9012
PAR A4 123 5678 3 6 901 2
COND 123 5678 3 6 sofi 2
P 6P 3 123 5678 3 6 90l 2
! CHKPNT 123 5678 3 6 90jL12
: $55 6
$$61 123 5678 3 6 goj1 2
CHCPNT 123 5678 3 6 9012
§5S 6
ADD 123 5678 3 6 9ojt2
LABEL 123 5674 3 6 o2
EQuIY 123 5678 3 6 qojL2
CHE PN T 123 5678 3 6 goit2
855 6
EQUIV 123 5678908 3 6 90lL2
CHKPNT 123 5678500 3 & sol12
- $55 6
COND 123 5678951 3 6 s0f12
5562 123 5678900 3 s 9002
2
"
k am
L
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DMAP
Inst,

CHEKPN T
$5S
LABEL
$563
SAVE
CHKPNT
8B5S
coNn
MATGPA
MATGPR
LaBEL
So= ]
CHEPNT
$5%
SDR 2
PARAM
OFp
SAVE
COND
$58
PLOT
S5
SAVE
$S5
PRTMSG
$55
LABEL
55
TAl
osSMGL
CHKPNT
$8S
coND
EQUIY
LABEL
PARAM
P AR AM
PARAMR
PARAML
Jump
LABREL
FQuUlv
CHEKPNTY
£5%5
PARAM
EQU 1Y
CHKPNT
$5S
COND
MLCE2
CHYKPNT

1 10

123 Se78901
&
122 5678901
12345678901
12345678901
12345678941
&
12345678901
12345678901
123456789Qt
123456789401
12345678901
123456789Q1
&

7

T
12345678941
12345678901
12345673941

6
123 5678
123 5673
123 5678
123456789Q1
12345678901
123454678941
12345678901
123454678901
12345b78931
123454678901
12245678901

&
12345678901
12345678900
123456178901

&
12345678941
12345678901
123456789

W

W W e W Wl ww

3
3
k]
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DMAP
Inst.

$55
LABEL
EQUILY
CHEPNT
258
CaND
SCEL
CHEPNT
855
LABEL
EQUIY
CHEPNT
$5S
COND
sMp 2
CHUPNT
£55
LABEL
ADRD
AOD
AQD
COND
MPYAD
HPYAD
UMER GE
EQUIY
COND
UMERGE
LABEL
ADD
EQUTY
LABEL
aA0DD
COPY
RBM G2
Save
CHKPNT
$5%
PRTPARM
PRTPARM
JuMp
LABEL
PARAM
[Wal ]
ALG
coNn

P AR AM
PARAM
COND
GP3
$56G1

1 10

&
123456789
123456789
123456789

6
1234567890
123456789
1236567891

— —

—

&
123456789
1234561789
123456789

—— -

6
123456789
123456789
123456789

&

——

123456789
123456789
123456785
1234567489
123456789
123456789
123456749
123456789
123456789
123456789
123455789
123456759
123456789
123456789
123456789
123456789
123456789
1234556789
123456789
123456789
&

123456789
123456789
123456789
123456789
123456789
12245678941
12345b75931
12345678901
12345678941
1234567894
1234567850}
1234547851
123456789

e P P g B P et gun g e Bt s e e b o e g g P

=

RIGID FORMAT RESTART TABLES

Bit Position
20 3G

[l - [+ ] & o o

23
23
23

[+l - - R S O - B - . S . . L oo

23
23
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23
23
23
23
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23
23
23
23
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OMAP
inst,

ADD
LABFL
FQU1Y
CHIPNT
$5%
5562
$5G3
SAVF
CHEKPNT
85§
COND
MATGPR
LABFL
SOR L
CHEPNT
$55
COND
EQUIYV
Lt ABEL
ADD
DsMn]
CHEPNT
55
MPYAD
ADD
DSCHK
SAVE
coND
COND
EQUIY
EQUIY
EQUIV
REPT
TARPT
LABEL
ADD
CHKONT
$5S
EQuUIY
CHEPNT
£58§
EQU Y
PEPT
TABPT
LABEL
PAR AM
COND
ADD
QUTPUTL
QuUTPUTL
LABEL

1 1

123456789
123456789
123456789
123456789
6
1234561789
123456789
123456789
123456789
6
123454789
123656789
123456789
123656769
123456789
&
123456789
123456789
123456789
123456789
123456789
123456789
&
123456789
123456786
123456749
123456789
123456789
123456189
123456789
123456789
123456789
1234567489
123456789
123456789
123456789
1231456789
6
123456789
123456789
6
123454789
123456789
123456789
121656789
123456789
123456749
123456789
123456709
123456749
1234567894
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Bit Position
20 30 40 50

23
23
23
23

23
23
23
23

Lo s ol < o - - - -

23
23
Z3
23
23

[0 - R

23
2}
23
23
23
23

23
23
23
23
23
23
23
23
23
23
23
23
23
23

oo >or0coo0

23
23

o o

23
23
23
23
212
23
23
23
23
23
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DMAP
Inst,

CHKPH T
$S5%
ALG
SOR 2
oFp
SAVE
SDR L
GP FDR

| oFp
| g COND
o 55%
) pPLOT
855
SAVE
£5%
PRTHSG
858
LABEL
555
JUHP
LABEL
- PRTPARM
l' LABEL
PRTPAPHY
LABEL
PRTPARY
858
LASEL
555
PRTPARY
LABEL
END

By G EN

1
- 1

ey
. !

ey Aty
3 e b '

:
L
{
E

-3

kA R b SV e peo DB T s e S e Ttk S

é
12343678941

123456789Q1
123456718941
1235656789(

—

¥
7
7
T
7

10

RIGID FORMAT RESTART TABLES

8
8

1234567899123456 789
12345678900123456 789
1236567890123456 789
123455789d12345678%
1234567890d1234546789
1234567890123456789
1234567890123456789

123456789Q123456789

B
1234567890123456789
12345678901 23456769
123456789QL 27456789

T

.

Bit Position
30

23 a7

23
23
23

- o - o -

234
234
234
234
234
234
234

224
23

234
234
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STATIC AEROELASTIC ANALYSIS

7.2 .4 Rigid Format Change Restart Table

80

BEGIN 345 T8901234567

GP1
SAVE
COND
CHKPNT
Gp2
CHKPN T
PARAML
PAR AMA
PURGE
CoND
PLTSET
SAVE
- PRTMSG
1 PARAM
4 PARAM
coso
PLOT
SAVE
PRYMS(
LABEL
CHKPNT
GP3
SAVE

CHEKPNT
Tal
SAVE

PURGE
CHEPNY
PARAM
EMG
SAVE
CH(PNT
CoND
EMA
CHEPNT
LABEL
caNp
EMa
CHXPNT
LABEL
cCOND
ceND
GPHG
arFp
LABEL
EQUIY
CHEPNTY
coND

J S L R I g s L S R

b ' DMAP Bit Position
‘ Inst, 63 70

PARAM 345 18901234567

COND 345 78901236567

3435

345

345

7.2x -11 {9/30/78)
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DMAP
Inst.

%ﬁiq ‘.I. ....

SMA3
CHKPNT
LABFEL
PARAY
GP o
SAVE
coND
: PURGE
’ CHEPNT
CONO
Jumup
LABEL
COND
GPSP
SAVE

!
I
|

ofp
LABEL
EQU1Y
) CHEPNT
COND
MR
CHKPNTY
i MCE2
; CHRPNT
I LABEL
gEQU LYV
CHKPNT
P coND
i SCEL
) CHEPNT
LABEL
{ EQU!Y
I CHXPNT
coND
SHP |
- CHKPNT
! LABFL
j RBYG2
CHEPNTY
55G1
CHKPNTY
PARAM
COND
ALG
4 COND
E PARAM
coND
GP3

[ ]
'

B

CHKPNT
35G1

Fran

!..- !iﬁq 9ﬁ§!

E}'ﬁ%ﬁ;uﬁwﬂﬂ“

63

34l

In5
345
345

RIGID FORMAY RESTART TABLES

Bit Pos{tfcn
70

901234567

901234567
901236567
901234567

80

345

345
365
345
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DMAP
Inst.

CHKONT
800
LablL
EQUIYV
CHKPNT
EQuU1Y
CHXPN T
COND
§5G2
CHKPNT
LABEL
$5G3
SAVE
CHEPMTY
coND
MAYGPR
MATGPR
LABEL
SOR |
CHKPNT
sD2 2
eARAM
QFPp
SAVE
coND
PLOT
SAVE
PRTYEG
LABEL
Tal
D54G1
CHKPN T
COND
EQUIV
LABEL
PAR AN
PARAM
PARAMR
PAR AMY,
Jump
LABEL
FOUIV
CHEPNT
PARAM
FQULY
CHEPNT
caNn
MCE2
CHRPNT
LABEL
fQUIV

63

45
45
45
45

Bit Position

0

8901234567
8901234567
8901234567
8901234567

STATIC AERQELASTIC ANALYSIS

80

345
345
345
345
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RIGID FORMAT RESTART TABLES

Inst, 63

CHKPNT
CoND
sCeE1l
CHYPNT
LABFL
fouU LY
CHKPNT
coND
SHPp 2
CHXPNT
LABEL
ADD
AQD
ADD
COND
MPYAD
MpYAD
UMERGE
FQulv
COND
UMERGE
LABEL
ADD
EQUIY
LABEL
AOD
copy
RBYG2
SAVE
CHIPNT
PRTPARH
PRTPARM
JuMp
LABEL
PARAY
cOND
ALG
COND
PARAM
PARAM
COND
GP 2
S56G1
ADD
LABEL
EQU1Y
CHEBNT
§8G2
§$56G3
SAVE
CHEPNT

DMAP Bit Position
70 80

7,41
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STATIC AEROELASTIC ANALYSIS

DMAP Bit Position
Inst. 63 70

€oND
vATGPR "
LABEL
$DR 1 345 78901234567 345
CHKPN T 345 78901234567 345
coND
EQUIV
LABEL
abD
psuaGl
CHAPN T
MPYAD

i 400

i DSCHK

: SAVE

coND

= COND

i EQUTV ;
Ll EQUIYV '
[ EQU IV
L REPT ‘
! TABPY “
{ LABEL "
: AD0 % ;
3 CHEPNT '
DC EQUIV

i, CHEPNT b
pe b EQUIV 5
" REPT
{- TAGPT

80

Geiewy  Gmmy

Bz _.{

LABEL
PAR AM
CoND
.. ADD
j QuUTPUTL t
i JUTPUT
LABFL B
CHKPNT
3 ALG
!

e ——

SR 2
i aJFe

SAVE
- 50?1
GPFOR
QFp
coND :
pLOT
SAVE
PRTESG |
LABFL
Jusp 345 78901234567 355

.

aan
]
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RIGID FORMAT RESTART TABLES

ey S

DMAP Bit Position
. Int. 63 ~ 70 80
" I LABEL 345 76901234567 365
= PRTPARM 345 78901234567 345
. LABEL 345 78901234567 345 :
T PRYPARM 345 78901234587 345 ’
3 LABEL 345 78901234567 345
% PRTRARM 345 78901234567 345
B LABEL 345 78901234567 345
R PRTPARY 345 78901234567 355
g LABEL 345 78501234567 345
END 3645 78901234567 345

————
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¥
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by

-10,21.5

DMAP
Inst.

BEGIN
6Pl
SAVE
COND
CHKPN T
GP2
CHKPNT
PAR AWML
P AR AMR
PUR GE
coND
PLTSET
SAVFE
pPaTHSG
PARAM
parav
COND
pLOY
SAVE
PRIMSC
LaBEL
CHEPNT
GP 3
SD‘VE
PARAM
CHEPNT
Tal
SAVE
COND
PURGE
CHKPN T
PARAM
EMG
SAVE
CHKPNTY
cOND
EMA
CHKPNT
LABEL
coND
EMA
CHEPNT
LaBEL
¢OND
coNo
GPHG
aFp
LABEL
gQuU LY
CHEPNT
caNg

STATIC ALROELASTIC ANALYSIS

File Name Restart Table

94

o S

[~ o - -

o« ® oo

100

OB Do

9

oo Q

Bit Positian

170 120 130
2
7
2
2
2
2
2
2
2
2
3
3
3
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g“ DMAP
Inst,

' sMA3
: CHEPNT
LABEL
— P AR AM
CP4
. SAVE
cono
PUR GE
CHKPNT
coND
JUuMD
LABEL
- covD
GPSP
SAVF
l coND
: (‘ OFP

LABEL
EQU IV
CHRPNTY
. COND
MCE1L
[ CHEPNT
HCE2
CHEPNT
: LAAEL
(i EQUIv
) CHAPNT
COND
l' : SCEl

CHEPNT

. LABFL

; EQU1IV

- CHKPNT

J COND
Sup |
CHYPNT
LaABEL

l_ BAMG2

CHEPNT
8561
CHPN T
PARAY
¢oND
AL G
COND

P AR AM
coND
GP 3
CHAPNT
5561

i
, i

|t B

<

oy =

RIGID FORMAT RESTART TABLES

Bit Position

0
0
0
1
1
1
1
1356 %01 57
1 356 901 57
2
2
2
2
2
2
4
4
34
3
3
%
&
34
5
5
5
5
5
5
]
&
-]
&
]
L]
7
7
2
2
4
&
'
5
5
5
5
&
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DMAPR Bit Position
3 Inst. 94 100 170 T20 130 140 150

CHEKPNT &
ADD
LABFL
EQUIY
CHEKPNT
gEQuIY
CHEPNT
coNn
§8G2
CHEPNT
LABEL
§8G3
- SAVE
CHEPNT
coND
MATGPR
- MATGPR
{ LABEL
a sha | 1
: CHXPHNT 1
r SDR 2 2
, PARAM
afp
g SAVE
s coun
;- PLOT
" . SAVE
- PRTMSG
LABFEL
. Tal
Ds¥G1
: CHRPNT
CoND
EQUTY
LABEL
PAR &4
PARAM
PARAMR
PARAML
Jyup
LAREL
EQUIV
. CHELPNT
PARAM
fFQUIY
CHEPNT
coND
§‘ HCF 2
i

a——b— [T PR — s
. i t a“""*
oo
LIV IRV TRV - I I
(oW~ N =]

W

CHEPNT
LABEL
EQUlvV 5

HS S
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DMAP
Inst. 94 100

CHIEPNT
coND
SCEL
CHKPNT
LABEL
EQuUty
CH(PNT
coNn
SMp 2
CHKPNT
LABEL
ADD
ADD
ADD
coND
MPYAD
MPYAD
UMERGE
EQU LY
covD
UMERGE
LABEL
400
EQU LY
LABEL
ADD
coey
RBYG2
SAVE
CHEPNT
PRYPARM
PRTPARM
Jump
LABEL
PARAM
COND
AL G
COND

P AR AM
PARAVM
coND
GP3
S5G1
400
LABEL
EQULlV
CHHPNT
562
§563
SAVE
CHKPNT

RIGID FORMAT RESTART TABLES

,Bit Position

20

AR WA

[ - - o - -

- e

oo o

130
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aachiaz}

SmbaiTiny

DMAP
Inst.

COND
HATGRR
LABEL
sDR 1
CHEKPNT
coNp
EQULY
LABEL
ADD
psvGl
CHKPNT
HPYAD
ADD
DSCHK
SAVE
COND
conD
EQuIv
EAu IV
EQUILYV
REPT
TaBPT
LABEL
ADD
CHEPNT
EQUT vV
CHKPNT
EQU IV
REPT
TABPT
LABEL
PARAM
coND
ARD
quTPyTY
nyYTPUTL
LABEY
CHYPNT
ALG
SpR 2
OFp
SAVE
SDR 1
cPFDA
OFp
coNn
PLOT
SAVE
PRTMSG
LABEL
JumMp

94

L S S Y

STATIC AERQELASTIC ANALYSIS

Bit Positiogn
100 170 TZ0 130
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i
RIGID FORMAT RESTART TABLES
b DMAP Bit Position |
_ Inst. 94 100 110 120 130 110 150 |
. LABEL
T_ ' PRTPARY
. LAREL
PRTYPARM
| LABEL
a PRYPARM
F LABEL
S PRTYPARM
3 LAREL
END
L
|
N
l‘.
g
| )
. T
;| 4
£ "
A4
|
:3
e |
;|
y
'
F
1
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

7.23 RESTART TABLES FOR COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS
143 Bit Posftions faor Card Name Restart Table

‘ Card Nane Bit Pos. Cord Hamp Bt Pos. Card Hame @1t Pos.
. - ADUH] i LaopLt 2 HATZ a
ADUH2 l Ciuaol 2 nats o
" 40UH} ) € wan2 2 RHavTL ]
ADUHY 1 {ouaprts 2 HaYT2 8
BQUHS X ¢ kOO 2 RATT) [}
ABURS 1 « SHEAR 2 TABLEN) )
AbUM? 1 critna 2 TABLERZ o
AOunB 1 CTCADRG 2 VAULERD 8
A0UHY 1 clnapax H Ta0LEne ]
aAKEC i CTRAPRG 3 TEHPATS a
Anif 13 crRosc 2 TEHPHID a
CELAS) t CTRIAL 2 ARLSYA 9
CELAS2 1 CTALAZ ¢ cRICDY 9
CELAS) 1 cinrlaan 2 CAl6D2 %
CELASH 1 CTRIAAG 2 HPC 9
cHass| 1 CIR(ars 2 HPCADD 9
CHASS2 1 CTRHEN 2 nees 9
CHASSD ] CIapPLT 2 HPCAX 9
CHASSS 1 CTUBE 2 SPC 10
[441:1:17 4 1 CTHIST 2 13141 10
caoantn 1 CHEDGE 2 $PLADD 1
CoRDLS H POAR 3 $PCax 10
corp2c H PCONEAR 3 $PCS to
torpza 1 POUKL 3 ASET il
coap2s t PpUM2 3 ASETL k1
GROSET ] POUH) 3 aHIT 1
GRID 1 PpURG 3 oniTt i1
GRICH 1 POUNS 3 OHITAR il
POINTAX 1 PRIUKHS 3 sSuPat 12
AINCAX 1 poun? ) supPORY 12
RINGFL 1 POURB 3 TEnp "3
SECIAx L PDUAY 3 TEHPAL 13
SEQGP 1 PIHEX 3 1£8PD 13
SPCINT 1 PQOHEN 2 TERPRY 13
8AROR 2 paoerLY 5 TERPP2 1
cear 2 PQuADL b} TEAPPY 1)
CLONEAX 2 PQuUADZ ) Tenran 13
CoumML 2 PQUADTS 3 GROPNT 15
Coun? 2 PROO 1 PLOTEL 16
COuH) 2 PSHEAR 3 PLOTSE 18
Couns 2 PTORORG 3} POUTS 19
CLDuHS 2 PTRAPAK 3 XYQuTs 20
Loums z PIROSC 3 40UTE HA
COunt 2 PtAlAL L) CUUPHMASS 24
couHg F preiaz 3 craaa 24
Couxre 2 PIRIAAX 3 cPDALT 24
CFLUIDZ 2 PTRIATS | coguanl 24
CRLUIDY 2 franER 3 CPQuUAD? 24
CFLUIDA 2 ATUPLY 3 cprOp 24
CHEXA] 2 PTUBE 3 CPTRASE 24
CHE A2 ? PIulsy ] cetalal 24
CinExl 2 GENCL 4 CPIAlAZ 2%
Cintx2 2 CONHL 9 CRTRPLT 24
CInEXD 2 CONHZ 5 CPTUBE 24
COonROD 2 PELAS 6 HTHASS 2%
CODHEH 2 PRASS 7 NODJE 26
nati 8 PAERD) 29
N8y
L &
| @
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Card Name Bit Pos.
SETY 32
SET? 32
SPLINE] 32
. SPLINE? 32
~ MKAERDY 34
“ MKAERO2 34
. AEFACT 35
. FLFACT 36
: FLUTTER 16
_ AERD 37
: I CAERON 37
| FMETHODS 38
: YREF 39
- TF 40
i CYJOIN 4
¥ CTYPE 41
NSEGS 41
- KINDEY 41
; CYCSEQ 42
: STREAMLY 42
STREAML2 42
IREF 42
: f- MINMACH 42
o MAXMACH 42
i MTYPE 42
ol KGGIN 43
Es .- SOAMPS 55
s TABDMP 55
o EPQINT 56
d SEQEP 56
- B2PPS 57
3 I DMIG 57
AR KZPPS 57
M2PpS 57
F ) TES 57
v EIGR 58
S METHODS 59
i EIGE 60
}; _ EIGP 60
oo EMETHODS 61
E | HFREQ 62
Ld LFREQ 62
3 LMODES 62
E,-
®

SN
e

T T T
2

RIGID FORMAT RESTART TABLES
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7.3

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

.2 Bit Positions for File Name Restart Table

File Name Bit Pos.
BGPDT 94
CSTM 94
EQEXIN 94
GPDT 94
GPL 94
STL 94
ECT 95
GPTT 96
EST 97
GE! g7
GRECT 97
GPST 98
KGGX 48
MGG 99
KGG 100
RG 107
USET 101
OGPST 102
GM 103
KNN 104
MKN 104
KFF 105
KFS 10%
MFF 105
KAA 106
KLL 107
KLR 107
KRR 107
MLL 107
MLR 107
MRR 107
LLL 108
DM 109
MR 110
EED IBR)
EQDYN Pt
GPLD 11
SILD 111
TFPOOL 111
USETD 111
LAMA 112
HIX 112
QEIGSXK 112
PHIA 112
GO 113
B2PP 114
K2PP 114
M2PP 114
GMO 115
GOoD 115
BHH 116
KHH 116
MHH 116
PHIOH 116
CLAMA 117
0CEIGS 117
PHIH 117
CPHID 118
CPHIP 120
QprC 120
KpICT 122

7.23

-3 (9/30/78)

File Name

Bit Pos.

KELM
MDICT
MELM
MAA
ACPT
AERO
8GPA
CSTHA
ECTA
EQAERD
FLIST
GPLA
SILA
SILGA
SPLINE
USETA
ELSETS
GPSETS
PLTPAR
PLTSETH
GTEKA
AdJL
D1JK
D2JK
SKJ
D1JE
D2JE
BXHH
KXHH
MXHH
FSAVE
CASEYY
CLAMAL
GveG
PHIHL
CLAMALI
CPHIHI
CPHIA
RP
CASEER
OEIGS
KT
QFACK
QCPHIP
OEFC)
QESCI
QQrC)
PCPHIP
QHHL
QJHL
B2DD
K200
M20D
cYeco
KKK
MKK
PHIK
LAMK
PHIG
PYECT
PHIAX

122
122
122
123
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ey SR G0N

DMAP
Inst,

BEGIN
FILE
GPl
SavF
COND
CHEPNT
858S
PURGE
GP2
CHKPNT
885
GP3
CHKPNT
- 85§
TAL
SAVE
coND
- PUR GE
CHEPNT
855
PARAY
PARAY
P AR AM
COND
PARAY
INPUTTL
1" FQULV
]- CHKPNT
855
LABEL
. EMG
j SAVE
CHKPNT
£35S
COND
i“ FrMa

[ Py um: A l a ~ 1

PP Sy

——wety

CHLPNT

£55

LABEL
a- coND
EMA
a. CHKPNT
£S5
caNn
GPHG
oFp
LABEL
EQuU IV
CHRPNT
$5S
COND

-

-~

£l

RIGID FORMAT RESTART TABLES

ard Name Restart Table

—

Bit Position
30

1 10 20 40
123656785.0123456 8901234 & 9 |2 4557630
123456768901234 9236 &6 9|2 456789
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OMAP Bit Positiaon
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LARFL 3A56T78901234567 345
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This section contains new and replacement pages for Level 17.7 of

the NASTRAN Demonstration Manual, NASA SP-224(05).

The updates pertain to new demonstration problems. Pages to be

replaced and inserted are:

t

Section Pages '

{ Table of Contents iv |
: 4 4
{ 9.5 9.5-1 thru 9.5-6

16.1 16.1-1 thru 16.1-5
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5 E‘ Page No.
i " Nonlinear Heat Transfer in an Infinite Slab ................ Ceeirenas 3.6-1
i g: Vibrations of a Linearly Tapered Cantilever Plate .........cveunvunns 3.7-1
2 _ Helicopter Rotor Pylon on a Kigid Fuselage ..........ovviieiniennnenn 3.8-1
i j. Differential Stiffness Analysis of a Hanging Cable ............cc.un. 4.1-1
é I“ Symmetric Buckling of a Cylinder .....cviiiiiniiniinininennennnnannas 5.1-1
% ) Buckling of a Tapered Column Fixed at the Base ........... e e . 5.2-1
; {1 Piecewise Linear Analysis of a Cracked Plate .............. Ceraiene 6.1-1
é i Complex Eigenvalue Analysis of a 500-Cell String ..........covvven.-. 7.1-1
é {, Comptex Eigenvalue Analysis of a Gas-Filled Thin Elastic Cylinder .. 7.2-1
g - Freguency Response of @ Plate ...t iiiniiniiiiiiiineanenvnnes 8.1-1
% {‘ Transient Analysis with Direct Matrix Input ........ .. .o iiiinnin... 9.1-1
: f' Transient Analysis of a 1000-Cell String, Traveling Wave Problem ....  9.2-1
; Transient Analysis of a Fluid-Filled Elastic Cylinder ............... 9.3-1
| [_ Plate with Suddenly Applied Flux and Edge Temperature ............... 9.4-1
. Aeroelastic Flutter Analysis of an Axial Flow Compressor Stage ...... 9.5-1
( Rocket Guidance and Control Problem .........iiiiiiiiiiiiinennnnes. 10.1-1
[f Aercelastic Flutter Analysis of a 15° Swept Wing ....... ... covinly, 10.2-1
‘ Frequency Response and Random Analysis of a Ten-Cell beam ........... 11.7-1
[: Freguency Response of a 500-Cell String ................ R 11.2-1
. Jet Transport Wing Dynamic Analysis ....ovvviiioninniiinrnnsnrennns. 11.3-1
{l Transient Anaiysis of a Free One Hundred Cell Beam .................. 12.1-1
ﬂ? Normal Modes of a 100-Ceil Beam with Differential Stiffness ......... 13.1-1
l‘J Circular Plate Using Cyclic Symmetry ....ooiiiiinniinrivneinnnenenes 14.1-1
E} Modal Analysis of a Circular Plate Using Cyciic Symmetry ............ 15.1-1
Aeroelastic Design/Analysis of an Axial Flow Compressor Stage ....... 16.1-1

- e

iv (12/31/77)

TABLE OF CONTENTS (Continued)

il e S ;&! ,




ey W R

-

A

R S i

WS W T e e

~ RS

s B e B s T s - e B o,

o B o B

UMF pid

70220
du110
8020
80130
80140
90110
90210
50220

90310
50410
100110
100210
[RIARIY
RESTART

110218
110228
110310
110320
120110
130110
140110
150110

NASTRAN DEMONSTRATION PROBLEMS ON UMF TAPE

Fifth Harmonic Complex Eigenvalue Analysis of a Gas-Filled Thing Elastic Cylinder
Frequency Fesponse of a 10xk0 Plate

Frequency Response of a 20x20 Plate

Frequency Response of a 10x10 Plate (via INPUT Module)

Frequency Response of a 20x20 Plate (via INPUT Module)

Transient Analysis with Direct Matrix Input

Transient Analysis of a 1000-Cell String, Traveling Wave Problem

Transiint Analysis of a 1000-Cell String, Traveling Wave Problem {via INPUT
module

Transient Analysis of a Flyid-Filled Elastic Cylinder
Linear Transient Heat Transfer in a Plate

Complex Eigenvalue Analysis of a Rocket Contro)l System
Aeroelastic Flutter Analysis of a 15° Swept Wing
Frequency Response and Random Analysis of a Ten Cell Beam

Frequency Response and Random Analysis of a Ten Cell Beam, Enforced Deformation
and Gravity Load

Frequency Response of & 500-Cell String

Frequency Response of a 500-Cell String (via INPUT Module)

Jet Transport Wing Dynamic Analysis, Frequency Response

Jet Transport Wing Dynamic Analysis, Transient Response

Transient Apalysis of ¢ Free One Hundred Cell Beam

Kormal Modes Analysis of a One Hundred Cell Beam with Differential Stiffness
Static Analysis of a Circular Plate Using Dihedral Cyclic Symmetry

Normal Modes Analysis of a Circular Plats Using Rotational Cyclic Symmetry

4 {12/29/78)

o

i e e i AT m?&%‘

e il T




TweRe T e TR T e

[ S -,«2

o I e

UMF pid

70220
80110
80120
80130
80140
90110
90210
90220
90310
90410
90510
100110
100210
110110
RESTART

110210
110220
110310
110320
120110
130110
140110
150110
160110

NASTRAN DEMONSTRATION PROBLEMS ON UMF TAPE

Fifth Harmonic Complex Eigenvalue Analysis of a Gas-Filled Thin Elastic Cylinder
Frequency Response of a 10x10 Plate

Frequency Response of a 20x20 Plate '

Frequency Response of a 10x10 Plate (via INPUT Module)

Frequency Response of a 20x20 Plate (via INPUT Module)

Transient Analysis with Direct Matrix Input

Transient Analysis of a 1000-Cell String, Traveling Wave Problem

Transient Analysis of a 1000-Cell String, Traveling Wave Problem (via INPUT Module)
Transient Analysis of a Fluid-Filled Elastic Cylinder

Linear Transient Heat Transfer in a Plate

Aercelastic Flutter Analysis of an Axial Flow Compressor Stage

Complex Eigenvalue Analysis of a Rocket Control System

Aeroelastic Flutter Analysis of a 15° Swept Wing

Frequency Response and Random Analysis of a Ten Cell Beam

Frequency Response and Random Analysis of a Ten Cell Beam, Enforced Deformation and
Gravity Load

Frequency Response of a 500-Cell String

Frequency Response of a 500-Cell String {via INPUT Module)

Jet Transport Wing Dynamic Analysis, Frequency Response

Jet Transport Wing Dynamic Analysis, Transient Response

Transient Analysis of a Free One Hundred Cel] Beam

Normal Modes Analysis of a One Hundred Cell Beam with Differential Stiffness
Static Analysis of a Circular Plate Using Dihedral Cyclic Symmetry

Normal Modes Analysis of a Circular Plate Using Rotational Cyclic Symmetry

Aeroelastic 'Design/Analysis' of an Axial Flow Compressor Stage

4 (12/29/78)
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RIGID FPRMAT No. 9 (APP AERP), Aeroelastic Analysis

Yodal, Flutter and Subcritical Roots Analyses of an Axfal Flow

Compressor Stage (9-5-1)

A. Descrigiion

The problem #1lustrates the use of the aercelastic cyclic modal and flutter

analyses of the first stage rotor of an axfa) flow air compresser to,

1) determine the natural frequencies and mode shapes of the bladed disc
sector, of Figure 1, which exhibits rotational cyclic symmetry. The total stiff-
ness matrix, including the differential stiffness effects at the operating point
under consideration, saved during the Static Aerothermoelastic "Analysis” (see

Demonstration Manual example 16-1) is used for the cyclic modal analysis.

ii} examine if the operating point being considered is a flutter point by
analyzing the V-g and V-f plots based on user-selected combinations of densities,

inter-blade phase angles and reduced frequencies, and in the process

jii)} identify the subcritical (stable) roots.

B. Input

Bulk data cards used include AERP, FLFACT, FLUTTER, MKAERPY, STREAML1Y,
STREAMLZ and PARAMeters IREF, KGGIN, LMPDES,; MAXMACH, MINMACH, MTIYPE and PRINT as
describgd in the User's Manual Sections 1.15.2 and 1.15.5. Bulk data cards

CYJPIN and PARAMeters CTYPE, KINDEX and NSEGS are discussed in Section 1.12

of the User's Manual.

€. Analyses and results

The finite element model of the bladed disc sector analyzed is shown in
Figure 1. The first five zeroth harmonic natural frequencies and mode shapes of
the sector are noted in Table 1. The grid points on the hub in contact with the

compressor shaft were permitted radial translational degree of freedom only.

9.5-) (?/30/28)
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As a typical) example, the first of the three frames of Y-g and V-f plots out-
put requested in this demonstration problem is shown in Figure 2, The density
and interblade phase angle are held constant at {0.059 x 1.507 E-6) slinch/in3
and 180°. respectively, for this frame. The three reduced frequencies are identi-
fied by the symbols “{k=0.3), 0(k=0.7) and A(ks1.0). The flutter summary for the

three (p,o, k) groups is presented in Table 2.

A close examination of the damping curves shows that the damping ts nearly

zero in the fourth mode of frequency 1797 H,.

The implied density, velocity and reduced frequency are, respectively
(0.059 % 1.507 E-6) slinch/in3. 1.05% €4 in/sec and 1.0 as compared with the
actual values o} these guantities as {0,059 x 1,507 E-6) 51inchlin3. 1.910 E4

in/sec and 1.0, respectively.

The ratio “imp}ied/vactual not being equal (or close) to 1.0 discounts the
current operating point as being on a flutter boundary, at which all the three

implied cuantities must equal the actua) quantities.

The demonstration example discussed has Leen presented principally for the
purpose of illustrating the procedure for axial flow compressor flutter analysis,
In order to locate the unstalled flutter boundaries over the entire region of
operation of the compressor stage, similar analysis would be required for a
series of operating points, harmenic numbers, interblade phase angles and
reduced frequencies for both the stage rotor and the stator. Appropriate super-
position of the roter and stator results would then help identify the unstalled

flutter boundaries on the compressor stage map.

"9.5.2 {9/30/78)
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Figure ¥, Finite Element Model of an Axial Flow
Compressor Rotor Sector, and the Basig¢
Loordinate System
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Table V.

Bladed Disc

Seclor:

Zeroth Harmonic Modes

Mode No. 1 2 3 q 5
Mode Frequency, Hz an 790 977 1797 2154
Mode Sh Circum- infal ghordwise
cde ape ferential . Torsion ending -
Bending Bending {tip)
9.5-4 (9/30/78)
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OF POOR QUALITY

Flutter Summary {(k-Method)

pok Reduced
Group Frequency k Velocity V¥, in/sec Damping g Frequency ¥, Kz
9.24) E3 -3.199 E-3 472
1.549 E§ -2.29) £-3 791
p,o,h, 0.3
1.911 E4 -3.642 £-3 976
3.530 €4 4.26) £-3 1803
3.956 E3 -9.376 E-4 471
6.633 EJ -6.666 -4 750
pyo1 ks 0.7
8.199 E3 -1.379 £-3 977
1.508 E4 B.0OV E-4 1798
2.769 E3 -7.487 £-4 471
4.643 £3 -6.892 £-4 790
b 1.0
M1%173 5,740 £3 -4.602 £-4 977
1.0%5 €3 -8.848 E-% 1797

9.5-6 (9/30126)
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RIGID FORMAT No., 16, Static Aerothermoelastic 'Design/Analysis’
Aeroelastic 'Design/Analysis' of an Axial Flow Compressor Stage {16-1)

A. Description

'

This problem illustrates the use of the static aeroelastic analyses of the

first stage rotor of an axial flow air compressor to determine,

i) the "as manufactured"” blade shape required to produce the design point

pressure ratio {"design® problem), and

§) the operating point of the “"flexible® designed blade {"analysis®
problem}. The total stiffness matrix, consisting of the elastic and geometric
stiffness matrices, at any off-design operating point is saved for use in subse-

quent modal and flutter analyses. (See Demonstration Manual example 9-1},

The 43-blzde rotor is designed to develop 'a total pressure ratio of 1,85 at
a speed of 16043 rpm and an air flow rate of 73.15 lbm/sec. The finite element

model of a representative sector of the rotor is shown in Figure 1.

BE. Input

Bulk data cards used include DTI, STREAMLY, PARAMeters APRESS, ATEMP, FXCPPR,
FYCPPR, FICPRR, IPRTCF, IPRTCI, IPRTCL, KTPUT, PGEPM, SIGN, STREAML and ZPRIGN as

illustrated in the User’s Manual Section 1.15.3.

€. Analyses and Results

The rigid blade of Fiqure 1 produces a total pressure ratio of 1.85 at
16043 rpm and 73.15 1bm/sec air flow rate {Table 1}. Because of the elasticity
of the material, and under the action of centrifugal and aerodynamic pressure and
thermal loads, the blade deforms and produces a total pressure ratio greater than
the design value, A "redesign" of the rigid blade, considering the elastic and
geometric properties of the bladed disc sector, enables determination of the ®as

mapufactured® blade shape that, when loaded and deformed, would produce the design

16.1-1 (9/30778)
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pressure ratio. The 'riyid' performance of the "as manufactured” blade shape

obtained at the end of the Design preblem ts also shown §n Table 1.

This blade shape ¥s then "Analyzed®, in the current demonstration s.cmple, at
the same (design)speed and flow rate to determine the 'flexible' operating pressure
ratfo. This value (1.84) can be further improved to approach the desired (1.85) .
pressure ratio by reducing the Parameters FXCPAR, FYCPPR and FICPPR in the Design

problem (see User's Manua) Section 1.15.3),

The blade shape at various stages during the Design and Analysis problems, as
reflecied by the grid point coordinates, is alsc shown in Tables 1 and 2. The

coordinates are expressed in the basic system of Figurc 3.

16,1-2 (9/30/78)
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Yable 1, Design Problem

ORIQINAL pocr b
OF POOR Qu}ifg-;-?

Initial, Designed Blade
'Rigid’ Performanhce

"As Manufactured” Blade
'Rigid' Performance

Total Pressure Ratio 1.85 1.80
Rotational Speed, rpm 16043 16043
Air Flow Rate, 1bm/sec 73.15 73.156

Grid Points X.in. Y,in. Z.in. X,in. ¥,in. Z,in,

N
12

-0.8380 -0.2732 3.7902

0.0 0.0532 3.9996
0.8980 -0.2499 4.1926
-0.7630 -0.5004 5.4772

0.0 0.0209 |. 5.5000
0.7800 0.2342 5.4950
-0.6290 | -0.7494 7.3620
0.0 0.1 7.4000
0.6290 0.6369 7.3725
-0.4240 -0.93230 9.9564
0.0 -0.0221 10.0000
0.4240 0.7598 %.9711

-0.8981 | -0.2755 | 3.7796
-0.0001 0.0540 | 3.9986
0.B979 | -0.2464 | 4.1847
-0.7653 | -0.4830 | 5.4554
-0.0005 | ©.0209 |} 5.4985
0.7799 | 0.2307 | 5.4889

P
-0.6386 | -0.7217 | 7.328 e
]

-0.0091 | 0.0156 | 7.3976
0.6240 | 0.6123 | 7.3416
-0.4058 | -1,1351 | 9.8905
-0.0106 |-0.0236 | 9.9970
0.4140 | o0.8138 | 9.9304 ;

V6.1-4 (9/30/78)
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“As Manufactured"

Blade

*Rigid' Perfarmance

"As Manufactured” Blade
'Flexible' Performance
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Total Pressure Ratio 1.80 1.84

Rotational Speed, rpm 10243 16043

Air Flow Rate, lbw/sec 73.18 73.15

Grid Points X,in. Y.in. 2,in. X,in. Y,in. Z,in.

1 -0.898) -0.2755 31,7756 | -0.8979 | -0.2814 31Nz
2 -0.000% 0.0540 . 9986 0.000 0.0516 | 4.0003
3 0.8979 | -0.2464 . 1847 0.8981 -0.2461 4.1795
4 -0.7653 -0.4830 .4554 -0.7726 -0.4744 5.4413
] -0.0005 0.0209 .4985 | -0.003 0.0228 | 5.5033
6 0.7799 0.2307 .4889 0.7797 0.2247 | 5.4889
7 ~-0.63B6 -0.7217 . 3281 -0.6646 -0.,7082 7.3062
8 -0.005%1% 0.0155 7.35976 -0.0157 0.0164 7.4058
9 0.6240 0.6123 7.3416 0.6303 0.5962 7.3237
10 -0.4058 -1.135] 9.8905 ~0.5237 -1.1552 9.8520
n -0.0106 ~-0.0236 9.9979 -0.0320 -0.0656 {10.0079"
12 0.4140 0.8134 5.9304 (-0.4130 0.7329 | 9.9093

16.1-5 (9/30/78)
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APPENDIX 1
RECODING OF SUBROUTINE UCAS

The two dimensional supersonic cascade unsteady aerodynamic routine UCAS
(Ref. 1) delivered as part of the Bladed-Shrouded-Disc Aéroelast1c Analysis
Computer Program (Ref. 2) was recoded to improve the execution time. These
improvements included the following:

1. Real variables originally defined as complex variables were changed to

real to reduce complex arithmetic operations.

2. Computations within a Fortran loop which resulted in constant values

and constant subroutines were removed outside the loop and stored for use

within the loop.

3. It was noted that many complex exponent equations could be recursively

formed by constant terms multiplications within loops. Extensive loop

recoding was inserted to take advantage of this. All four subroutines in
the module viz. SUBA, SUBBB, SUBC, and SUBD were modified to reflect this.

4, Alternative methods for reducing the number of iterations used in

series convergence were considered and inserted into the program.

A listing of the revised code to generate the generalized modal aerodynamic
matrices for chordwise aerodynamic modes is included.

Results for four cases using the original and the revised codes are presented
in Table 1 at the end of the listing. The execution time has been reduced to
about one-fourth the original time, maintaining an excellent agreement between

the original and the revised code results.
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REVISED "UCAS'

UCAS STANMD-ALONE TEST (SUPER-SONIC).
REQUIRED INPUT DAYA IS IN /TEST/.

NAMEL EST/TEST / TREF o PINMAC o MAXMAC o NLI NES ; NSTNS o REFSTGo REFCRYy
REFMAC yREFDEN REFVELREFFLO,SLNyNSTNSX ;ST AGER,
CHCRD ;RADIUS oBSPACE oMACH,DEN, VEL, FLOWA, AMACH,
REDF oBLSPC o AMACHR TSONIC,REFC oS IGMA, RFREQ

REAL MINMAC ¢MAXMAC ;MACH

INTEGER SYSBUF o SLNgAMACHR

LOGICAL TSONIC

COMMON /AMGMN/ MCB(T7) sNRCh,OUM{2) ¢REFC :SIGMA, RFREQ

COMMON /BAMGIL/ IREF ¢MINMAC ;MAXMAC o NLI NES s NSTNS o REFST Gy REFCR Do
REFMAC,REFDEN REFVELREFFLOS LNy NSTNSX ST AGER,
CHORD (RADIUSoBSPACE oMACHDEN,YEL, FLCW Ay AMACH,
REDF oBLSPC ;jAMACHR,TSONIC

COYMY3IN /SYSTEM/ SYSBULF.ICLY

DIMENSION [Yi8)

COMPLEX Q(3.3)

IoUT=6

READI 59 TE ST,END=956)

DEGRA=0.01T4 53292 51%9%

AMACH=MACH#COSIDEGRA® {F LOWA-STAGER)} )

REDF=RFREQ* (CHURD /REFCRD) #{REFVEL/ VEL) *(MACH/ AMACH)

8L SPC=BSP ACE/CHORD

WRITE(6o1CCC) SLNoSIGWMA RFREG

WR ITEL &, TEST)

CALL GEYTIMIIY)

CPUL=IY{2)

CALL AMGB I1C {Q)

CALL GETTIM(IY)

crPuz2=1YL2)

WRETEf6,2CCLIQ

CPU={CPU2-CPUL)/10C0.C

WRITEL{6,10C2)CPU

GO 10 10

sTap

FORMATUPESEN = 2,020°%9 SIGMA = ®3FT.20%y RFREQ = ", EL13.6 //)

FIRMAT(°0Q-~MATRI X FOLLOWS /(1 Xy1P6E20.T} )

FURMAT("0CPU TIME ON IDBM 37073031 = 9.F7.2,° SECONDS.?)

END
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PLACE UCAS SOURCE CODE HERE.
ROUTINES = AMGALC oSUBA, SUBBB ,SUBC ,SUBD
ALAMDA AKP2,AKAPPA,DLKAPM,ASYCON, AKAPM, DRKAPM

NASTRAN ROUTINES INVERS ARD MESAGE ARE ALSO USED.
COM93N /SYSTEM/ SYSBUF.ICOUY (1S ALSC NECESSARY. SEY (0UT=6)

Bl
S,

C &
C &
C &
C *
C ¥
C %
C 2
C #
C *

SUBRJDUTINE AMGBLC (Q)

’ FORRG R ACGEAE SRR AR R R AFEFRPTE R DR PR KRB G RIS EBAAB B RS E G R E R Rk
COMMON /SYSTEM/SYSBUF oIBBOLY

COMMON /AMGMN/MCB (7} sAROW oDLME2 ) oREFC,SIGM ,RFREQ

: ] COMMON /BAMGLIL/EIREF cMINMAC o MARMAC NLINEScNSTNS o REFST G, REFCRD,
- 1 REFMAC (REFDERMyREFVEL ;REFFLO SLNoNSTNSX 557Gy
2 CHCRD ;RADI LS, BSPACE o MACH o DENoVEL,FLOWA, AMACHD,
3 REDFDBLSPC yAFACHR,TSCNIC

SUPER SONIC

UNSTEADY FLGW ANAYSIS GF A SUPFRSUNIC CASCADE

LIFT AND MOMENTY COEFICIENT

B G
OO0 00

COMMOIN/BLKL/SCRK ¢ SPSoSNS,DSTRyAL ;PI oDEL,SIGMA,BET Ay RES
COMMION/BLKZ2/BSYCON
COMMON /BLK3/ SBKDEL (SBKDE2 oF4 oF 4S5 0AMG oFSS oFO6SAMATS T SUMISUMS,
AMETTAME o SUMSY L, SUMSY2 ¢ SYKLL oSVYKLZ oFS oF5T o AMS, AMST
ApBoAL? oF1oAML ALNBLKAPM BXDELI oF1S ¢CloC2P+C2Ny
C2oAMTEST (FT2.,BLAML oF T3 gAM2 (SUML g SUMZ oF2 t BLAM2,FT2T,C 1T,
FTATpF2P jAM2P o SUML T, SUM2T ,CLP CLl Ny BKDELL, BiKDEL 2,
BLKAPL:ARGsARG2 oFT3TSTBL 48C2 oBC3 ;BC4 BCS5,CAL,CA2,CA3,CALy
CLIFY,CMOGMT;PRE S1 PRE §2 ¢PRES3 sPRESL ; QRES4 s FQA, FQB, FQT
COMMON/BLKAG/T sR Y oAl 9Bl oC% pCB o5 Lo 6 oI T o JLoNLoRIGRTRS5:SNSPy XLy
1 Y1cAMU, GAMIDXoENNoNL2 oRLL gRLZ s REL,RQ2, X1, BLPL, ALP 2
2 GAMN,GA'iP INER ;IOUT ,REDF s STAG «STEP,AMACH BETNN, BET NP,
3 BRAPLoXLSVI XLSVY2pRLSYI o XLSV4 sALPANMP ;AMBAXS
J 4 DISAMP GUSAMPPITAXS,PITCLR
COMPLEX SBKDE]1 ,SBKDE?2
. COMPLEX F49F 45, AMSG oFS5 S oF6 SoAMATS T oSUM3 ySUME, , AMST T, AMS
] ’ COMPLEX SUMSVYL o SUMSY2 oSVKLL o SYKL2 oF5 oF5T - AM5, AMSTY
: COMPLEX A1 ,A¢B ¢BSYCONALPoFL vAML s ALNBLEKAPMBKDELAFISoCLoC2PyC2N -
COMPLEX C2:,AMTEST oF T2 oBLANML sF T3 sAM2 ;SUML oSUMZ (F2,BLAM2, FT2T,C17, -~
1FTAToF2P s AMZ2P , SUML T SULM2T
COMPLEX CLIP,CIN,BKDEL]! BKDEL2 sBLKAPL ARG, ARG2 FT3TST
COMPLEX BC,BC2.,8C3,BC%yBC5,CALl,CA2,CA3 ,LA%
COMPLEX CLIFT,CHMOMT
COMPLEX PRESLPRES2,PRESIPRESSL yQRE S
COMPLEX FQA ,FQB
COMPLEX FQ7
COMPLEX PRESUJPRESL:QAVGDP
DIMENSION GYE{29:25) oGEE{29:20) yPRESU{29) o PRESLIZ29},XUP{ 29}
DIMENSION XLOW(2S!) '
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DIMENSEC v
!, IMENSION AYE(L10,2S) OF POOR QUALITY

DIMENSION (&) i
DIMENSINN INDEX(2%,3) j
DIMENSION QANSTNS NSTNS) }
DIMENSION PRESL(21) PRES2(21) «PRES3 (21 ) PRESL(21),QRES&(21)
L DIMENSION SBKUEL(2CL) oSBKDE2 (201} !
i DIMENSION SUMSVL(2CLD oSUMSY2 (200D oSVYKLL(2DL D oSYKL2E 201 )

DIMENSION XLSVI(21)oXLSVY2421) oXASY3 428D oXLSVL (21D !
{ EQUIVALENCE (AYE(L,1) oGYE (R, 1D)

DATA W/1027224000C0042%413 00 90254648000 001818913400/ !

REDF = REDFO !
g AMACH = AMACHD !

Al=CMPLR{ 00,100}

P1=3,1415627
I PITCOR = BLSPC

STAG = 90.0 - STG

SIGYA= SIGM * PI1/180.C !
- BETA=SuR T (AMALCH®% 2-1, Q) .
I SCRK =REDF *AMACH/ (BE TA%%2) ;

DEL =SCRK® AMACH

AMU=REDF / (BETA%% 2]
{ SP=PITCOR*COSISTAG*PI /180.0) #2, 0 '

SN=P 1 TCOR#SIN(STAG®P] /180.0) %2, 0 f

SPS=5p -
[ SN S=SN%BE TA

DSTR=SQRT {SP S*% 2= SNSx&2)

SPSl = ABS{ SPS - SN$)

IFISPS] oLTe -00CCE) GO TC 9991
{ C IERD OUT GEE

NSTNS2 = 2#NSTNS

DO 50 1=1,2%

l. D0 50 J=1 NSTNS2
i 50 GEE(Esd) = 0.0
r
|
\

LR

PITAXS C.0
AMOA XS C.
CALL ASYCON

‘ CALL AKP2

{- RL1=9

it w

S1=SP S=SNS
AA=S1/RL1

] XLSVL{1)=CaC

g DO ©541 JL=1,9

. 4541 XLSVI(JL#1)=JL&AA
AA=SP 5= SN §

E RL2=19

SE=2.04¢5NS5-SPS
TEMP=51/RL2

H XL =AA
g DG 4571 JLz1020
XL SV 20 JL ) =XL

XLSVYILJL)=XL>SNSG-SPS
I 4571 XL=XL ¢+TEMP
XL=SNS%+2,0=-5PS
TEMP={ SP S~ SNS) /R L1
DD 458 JL=1,10
l XLSY&TUJIL ) =40
458 AL =XL+TEMY
a C ACCUMULATE PRESSULRE VECTCRS INTO G-MATRIX
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OF POOR QUALITY 5 {

DO 100 NM=1,NSTNS
NTIMES = 1
IF(NM oGT.2) NTIMES =2 "
DO 100 NMM =1 NTIMES o
DEFINE =-m—me——m——meem e e eee e u
ALPAMP - PITCHING AMP K
DISAMP - PLUNGING AMP
GUSANP - CLST ANP
GL ~GUST hAVE MNLMBER
ALPAMP = 0.C
IFINY EQ. 2) ALPAMP=1.0
DISAMP = 0.0
IFINM oEQ. 1) DISAMP=1.0
GUSAMP =0, C
GL =0.0
IF(NN.GTo 2 oAND. NMM .EQ.l) GUSAMP= REDF/2.0 -(NM=2)#P1/4.0 -
IF(NMoGTo 2 oAND. NMM .£Qol) GL = (NM~2)#PI/2.0
IFENMoGTo 2 oANDo NMM oEQ.2) GUSAMP= —(REDF/2.0¢{(NM=2)%P1/4%.0}} .
IF(NM.GT. 2 AND, NMM .EQ.2) GL = =(NM-2)#P1/2.0 E

PR A

A={1,0¢AT#REDF*P[ TAXS) ®*ALPAPP~AT*REDF*DIS AMP A
B=- [*REDFEALPAMP %
[F{ GL .EQ. 0.0) GO 10 2047 ¥
A=GUSAMP

B=0.0

CONT IN UE

CALL SUBA

FIND DELTA P{LOWER~UPPER)
DC 60 NX=1,10 -
PRESU{NX) = PRES1(NX) .
XUP (N X) = XL SY1 {AX) [
IFINX oEQ. 1C)GG TC 55 i
NXX = NX ¢+ 20
PRESL (NXX}
XLOW{ NXX)
G 10 610
PRESUINX) = (PRESLEL10) ¢+ PRES2(1)1/2.0
XUPLIN) = {XLSYItL1G) ¢ XLSv2i1)}/72.0
CONTINUE :
CONTINUE ,
DU 70 NX=1,2C |
NXX = NX ¢ 10 ‘
IFINX oEQ. 20160 TO &5 1
PRES2Z2{NX+1) |
XLSV2 (NX+1) }
PRES3INX)
XLSVIINX)

PRE S& (NX+1) :
XLSV4 INXeL) !

PRESUINXX)
XUP  (NXX)
PRESL (NX) |
XLOW( NX} ‘
GO TO Tl0O -
PRESL{20) = (PRES3(2C) ¢ PRES4 (L)) /2.0 :

!

|

n o

XLOW( 200= (XLSV3(20) & XLSY¥4(1)1/2.0

CONTINUE

CONTINUE

NM2 = NM & NSINS

DO 100 NMMM=1,29 |

IFINMMM .EQ.1) GO TO 80

AVGDP ={PRESL(NMMMI* XLOW{AMFM} = PRESU (NMMM) #XU P {NMMM} )
JUEKLOWINMMM) & XUP(RPMME) /72.0)
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- ] 120
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15
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C

350

ORIGINAL PaGE iy
OF POOR QUALITY
GO 70 85
AYGOP =(PRESL(L) = PRESU(L}D
GEE(NMMM ,NM)} = REALIAVGOP) ¢ GEE{NMMMeNM}
GEE(NMMM,NM2l= ATMAG {AVGDP)# GEEINMMM,NMZ)
CONTENUE

NIW DEFINE LARGE G MATRI X

DG 110 i=1,2%
GYEflel) = 0.0
GYEC(Is1l} = 1,0
FIND AVERAGE LCCATIONS PUT IN XLOW

DD 120 1=2,26%
AWOWIE) =0XL0wWdE) + XLP(IDD /2.0
DO 160 J=3,29
CONST = {J-2)i%P1 /2.0
D0 160 1=2,29
GYE(IoJd) = SIN{ CCNST # XLCh(i}}
CONTINUE
DO 165 [=2,29
GYE{Ivs2) = XLOWLID

SOLVE FOR G-INVERSE G IN GEE MATRiY

ISING =1 NON-SINGULAR (GVYE)

ISING =2 SIGULAR {GYE)

INDEX IS WORK STORAGE FCR RCUTINE [NVERS
CALL INVERS(29GVYE 92 oGEE oAETNS2,0ETERM IS ITNG, INDEK )
IF (ISING -.EQ. 2} GO 10 9692
NOW DEFINE I-MATRIX (NSTAS X 29}

AYE( 1,1V = 2.0
CON = 1.0
AYE( 1,2} =2.0
NIN =27
DO 288 J=1,MIN
AYE{ 1oJ#2) = CON®4.0 /4 4 / PI
CON = 1.0 -CON
AYE{2:,1) = 2.C
AYE(292) = 2.€66¢E606617
CCN = 1.0
N0 289 J=1.,NLN
AYEL2y JeZ) = CON #4 /J/PI
CON = ~CON
DO 299 I=3,NSINS
DD 290 J= 2028
CON = 0.0
fF((1-1) .EQ. J) CCN=1l.0
AYE{loJdol) = CON
DD 291 J= 3,NSTINS
AYE(Jo 1) = wiJ=-2)
Do 292 J=3,29
AYE(Je2) = AYE(2.J)
NIk MULTIPLY [ # G-IANVERSE * G{DELTA P"'S)
DO 360 J=1,NSTNS
DO 360 K=L1,NSTNS

NF = K¢ NSTNS

SUMI  =0.0

SUMR = 0.C

D0 350 1=1,29

SUMR = A&YE(Js1) # GEE{I K} & SUMR

SUMI = BAVYE{JpI) # GEE{I.NF) + SuUMl
CONTEINUE
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360 QUJ ) = = CMPLX{SLMRSUME) #* 0.5

RETURN

9991 WR ITE( IBBOUT-3000}

3000 FORMAT(S55H0**% USER FATAL MESSAGE - AMG MODULE -SUBROUT INE AMGBIC/
l 39X, 4SHAXIAL MACH NUPMPB. IS EQUAL TO OR GREATER THAN ONE.)
GO Y0 %99S

9692 WRITE(IBBOUT,3C0L)

3001 FORMAT{B4HO*%x USER FATAL MESSAGE - AMG MODULE - LARGE G~MATRIX [S
! SINGULAR 1IN ROUTEINE AMGBIC. )

92999 CALL MESAGE(=-61,0,0}
RETURN
END

0
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OF POOR QUALIIY -

SUBROUTINE SUuBA

UNSTEADY FLOW ANAYSIS OF A SLPERSONIC CASCADE

LIFT AND MOMENTY COEFICIENT

CUMMON /SYSTEM/SYSBUF (I8BCLY
COMMON/BLKL/SCRK ; SPSoSNSDSTRAL oPT (DEL,SIGMA,BEY A RES
COMMDN /BLK2/BSYCON
COMMON /BL K3/ SBKDELl ;SBKDE2 oF% oF4S ocAMG o F5S o FOS o AMATSToSUM3  SUM4, |
ABMSTTAMB o SUMSYL o SUMSY2 s SYKLL SVKL2oF5 oF5T , AMS, AM5T, ‘
AoBoALP oFLloAMI o ALN,BLKAPMBKDEL3 oFL1S,Cl oC2PoC20Ny
C2AMTESTFT2,8LAML F T3 pAM2 sSUML o SUM2 sF2 cBLANZ,FT 2T LT ]
FY3T,F2P sAMZ2P  SUML T sSUM2 T oCLP oCL N BKDELL BKDEL 2, b
BLKAP 1o ARG oARG2,,FT3TSTBC,BC2 oBL3 ¢yBC4HoBLS o CAL,CAZ CA3, LAS, : .
CLIFT,CMOMT PRESL oPRES2 ¢ PRES3 oPRESS ,QRES% o FQA, FQB, FOT L ;
COMMON /BLX4/T qRp Y oAl oBL oC& oCS oG Lol6 87 oJLoMLoREQRToR5,SNoSPe XLy K
YicAMU,g GAVP TDXINNoNLZ o RLL gRL2 o RAL,RA2XL1s ALP Ly ALP 2y ml
GAMM , GAMP s INER , 10UT cREDF ¢STAG o STEP AMACH o BETNNy BET NPy
BKAP 1o XL SV0L o XLSYZ o HLSVY3 o XLSYL ;ALPAMP ; AMDAXS ,
DISAMP, GUSAMP,PTITAXS,PE TCCR
COMPLEX SBKDE] ,SBKDE?2
CCMPLEX F &4oF4S, AMG ;FS5S oF6 SoAMETSToSUM3 o SUML o AMSTT ¢ AMS
COMPLEX SUMSVYLoSUMSY2 pSYKL)L ¢SYKLZ2 oFS oFS5T o AMS ; AMST
COMPLEX BT A B BSYCONALP FL ¢AML ;ALNBLKAPMBKDEL3, FI1ScCLl,C2PC2N ~-
COMPLEX C 2,AMYEST oF T2 oBLANMY oF T3 cAM2 ;SUML oSUM2 oF2,BLAM2, FT 2T, C1T, ~-
LFT3TF2P g AMZ2P o SUML T SLM2T
COMPLEX C1P,CIN,BKDELLBKDEL2 oBLKAPL jARG,ARG2,FT3T51] -
COMPLEX BCBC2.,BC3,BL4,BCS5,,LAL.,CA2 oCA3 ,CAL
COVPLEX CLIFT.CMOMT
CUMPLEX PRES)PRES2,PRE S3 (PRE 5% ;QRES% !
COMPLEX FQAFQBTL,72,73,74 '
COMPLEYX FQT,CEXP3 oCEXP4 oCEXPS ,CONST sCl A,C2 A
DIMENSION PRESL{21) oPRES2(21) oPRES3 {21) PRES4 (21} ,CGRESS{21) i
DIMENSION SBKOFL{201) :SBKDE2{201)
DIMENSION SUMSVIE2CLD SUMSY2{20L1) sSVYKLL{201) (SYKL2(201)
DIMENSION XLSVYI(21) o XLSVY2L20} oXLEY3 (210 o XLSVE{21),1IY{B)
S1=SPS-SNS
§$2=5P SEDEL~-SIGMA
$3=5P S/{D STR#& 2)
S4=S5NS/DSTR 5
50=2.0-5P 5S4 SNS !
TI=CEXP(-AI%SIGMA } ;
T2=CEXP (AT#SIGMA) ]
Al=2,0%Pf /7{S1) :
Bl=(S2}/( 51}
GAM =52
CLlP=GAM/D STR-SCRK
CIN=GAM /D STR+SCRK
ALP=CAMES 2¢S4*CSQRTICLIPI*CSCRTICLIN)
BC=—BL/ALP#BSYCON/SIN{PYI&BL/AL)
T3=ALP-DEL

W ST e
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ORIGINAL PAGE 15

FL={ALP=-AMU)/(T3)®A[*SNS/ (RE TA® {GAM=-AL P*SPS) ) OF POOR QuALTY
R AR G2=NEL

¥ CALL AKAPM{ARG2,BKDELL)

Y ? ARG=DEL-GL

: CALL AKAPM{ARG ;BXDEL2}
R CALL DLKAPM{ARG2:BLKAP])
. INX=0
CALL DRKAPMUALPoINXoBLKAPM) :
F1=F 1¢BKDEL L/BLKAPM&{~(T3) /(T13+GL) *A*A] #BKDEL2/ BKDEL L -
LeB=BLKAPL+B/(T3)}
F1S=F1
NL =10
RL L=Ni-1
CEXP 3=CEXP{~AI*T3 /RL1#*S1)
PRESR(1I=F1S
NNL 1=NL=-1
DG 453 JL=1oNNLL
PRESI{JL+1)=PRESL {JL)*CE XP3
453 CONTINUE
FL=FL1#AT/(T2)& (CEXP(-AI®({T3)%{S1)) 1.0}
AMLI=F1/(AIX{T3))-FL1S/(AI=(TIDI®{S1) RCEXP(~A]*¢ -
173)«(S1))
AMTEST=0,C
FUB=BXDEL 1/{BE TA*BL)®CE XP (AR #(S2) /2,00 -
15{~-A A [®BKDEL2/BKDELL+A%BLKAPL)
00 20 I=1,200
R=]
GAMP =2, 0%P [ %R+ S2
GAMN=-2,0%P [ %R+ §2
C1P={ GAMP /D STR )= SCRK
C2P ={ GAMP /DSTR )+ SCRK
ALP=GAMP* §34S4%C SQRT{CLP) *CSCRT(C2P)
T3=ALP-DEL
1I0X=1
CALL DRKAPM(ALP IDX BLKAPN)
CL=(ALP-AMU}/(T3)*AI*SNS/(BETA* (GAM/~ALP*S PS) ) *BKDEL 1/ -
14 BLKAPMI® (=¢T3)/(T3+GL)=ASA] #BKDEL2/ BKDELL ¢ -~
2B%BLKAP 1¢B/{T3})
CIN={ GAMN /D STR )= SCRK
C2N={ GAMN /D STR §¢ SCRK
ALN=GAMN® §2454%C SQRTICLN) *C SCRT (CZN)
T4=ALN=-DEL
10X==1{
CALL DRKAPMIALN,IDX,BLKAPN)
C2=(ALN-AMU) /(T4)*AI* SNS/(BETA% (GAMN-ALNFS PS) ) #*BKOEL 1/ -
1 BLKAPM)* {~{T4)/(T4+GL)®AXAL #*BKDEL2/ BKDELL ¢ -
285BLKAP1¢B/(T4))
Fl=F LeC LRAL/{T 3% (CEXP(-AI*{T3) ¢(S1))-1.0)¢C2 -
1%A /¢ T4)® (CEXP (-AT=(T4)%(S1})-1.0)
AM1=AML4C L/{AT#{T3))#*{~(SL)BCEXP(-AT*(T3) -
Le{SIIIAL /4TI E(CEXP {~AT#(T3) #(51)) -1.0)) -
2¢C2/01AT#(T4) )% (=~ (SLY*CEXP(-AL*(To ) #(S1))¢ -~
BAT/{T&)IH(CERP(-ATS(T&I*(SL}I~1.00)
C2A=C?2
Cia=C1
AA=S1/RL1L
CEXP3=CEXP (~AI®T3%AA)
CEXP4=CEXP(-AT*T4xAA)




ORIGINAL PAGE

TEMP = 2.0%P {#R OF POOR QUALITY

CEXPS=CEXP{AI*{SIGMA-SNS®DEL) /S1*AA}
CONST=4,0%FQB/TEMP

PRESLI1)I=PRESLI(L)+Cle¢C2

D0 454 JL=1,NNLIL

CONST=CONST*CEXP5

ClA=C lA*(CEXP1]

C2A=C2A*CEXP4

PRESL{JL+1)=PRESI(JL+11+C1A¢C2A
PRESI{JL+L)=PRESLEJLELI+CONST*SINI(TEMP*JIL/RLL)

IF {CABS((AMI-AMNTESTI/AML) -LT. 0.,0005) GO TO 45

}“ 456 CONTINUE

AMTEST=AM1

20 CONTINUE

GC 70 9992

9992 WRITE( IRBOUT,3005)

3005 FORMAT(S55HO*** USER FATAL MESSAGE -~ AMG

1 39X, 26HAML LOGP DID NCY CONVERGE. )
CALL MESAGE{-61,04C)

45 CONTINUE

AA=S1/RL1

CEXP3=CEXP(AI*{(SIGMA-SNS*DEL)} /RLL)

CONST=FQB

TEMP =2 .0%A4A /( SP S—SNS)

PRESLI{1)=PRESL(1)~-FQB

D0 2541 JL=1,NNL]

CONST=CON ST&CEXP 3
PRESI(JL+L)=PRESL(JL+I)-CONST®{L.0-JL*TEMP)
CUNTINUF

Y=0.0

Y1=5NS

AR G=DEL-GL

CALL ALAMDA(ARGoY BLANL)

CALL ALAMDA(ARG Y1 ,BLAV |

CALL AKAPPA({ARG ,BKAPL)

FT2=A%A T2 (DEL-GL-AMUI2BLANML /BKAP]
FT2T=A%ATI*{DEL-GL-AMU}*BLAM2 /BKAP]

ARG=DEL

CALL ALAMDA(ARG .Y BLANL)

CALL ALAMDA[ARG Y1 o,8BLAM2)

CALL AKAPPA{ARG:BKAPL)

CAM=SQRT(DEL%%2~SCRK=#2)

S5=SIN{ SN S*GAM)

S6=LOS{SNS%GAM)

Cl=-1.0/{BE TA%GAM* S5)
ClT=C1l={A[*SPS*T2% S~ SNS*DEL/GAM®T2

1 #55)-BLAMZ2/BKAPL*DEL/GAM% (S5
24+GAMESNS® S€) /{IGAMKSS5)

Cl=C1* (ARG/GAMESNS*SS5+AI*SPEXT2)~-BLAML/

1BKAP 1*DEL /{GAM= S5}* { S5/GAM+ ENS4S61)
FT3=-B={BLAML/BKAPL+{DEL-AML)#L])
FTAT=-Bu{BLAM2/DKAPL+ (DEL—-ANL) ¥CIT)

IF(GL -EQ. 0.0) 60 TC 50

F2=FT2%{CEXP (2. O%AT=GL)-CEXPLATSGL*{SLD)}/ (AI%GL)
14FT3%( SO)+B%AT%(DEL-ANMU)%BLAML/BKAPL #{4,0-(51)%%2)
2/2.0

AMZ2=F T2%{ Z . C*CEXP (2. C*AI=GL) /{AT*GL)}-{S1)/ (AT#GL)*CEXPIGL »
IAI*{SLI I (CEXP (2. CHAT®GL} -CEXP{AI #(S1) *GL) I/ GL*%2)

A O — B i o g i 1 3wt e R i

MODULE -SUBROUT INE SUBA
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455

5020

2¢FT32(4.0~-(S1#%2) /2, C+B2AIS(DEL-AMU)*BLAML/ BKAPL #

3B.0-1SLisx2}/3,C

F2p= FTZT‘TI*CEXP(AI*GL*SN‘Bl&ﬂl*GLD*ﬁCEXP(ZoO*AI*
IGL)-CEXP{AT*GL*{S1) ) )¢F T3 TeTL%(SO)
2eBFATH(DEL-AMU)® TISBLAMZ2 /BKAPL*((SO) *%2/

32,03¢5P 5= S5C))

AMZP=F T2T¢T1¢{CEXPLAL*GLESPE) / (Al #GL) = (53}
I%CEXP {AISGL® (SO} ) ¢CEXPIAISGL*SPS) /7 (GLe#2) $(CEXP
2OAT®GLE(SCI)-1.0) JeF T3T*T1$(50) 292

3/2.00B%AT % (DEL-AMUI* T1#BLAM2/BKAPL #( (50} *%3

4/3.0¢5P 5% {50)%%2/2.0)
6o 73 55
CONTINUE

F2=FT2%(50)¢FT3% {SC)+B*Al® (DEL~AMU) #BLAML/

IBKAP 1% {4, C~{SL)%%2} /2.0

AM2=FT2%{ 4. 0- (51 )%%2) /2. QtFT3%( 4, 0-(SL)#*%2)/2.0
LeBRAI% {DEL-AMUI*B LAM] /BKAP1#{8. 0=(S1)#%3)/3.0

F2P=F 72T Tl&(SO0)¢F T3T=TL* {50

Li+B#A I (DFL-AMU)* T1*BLAM2 /BKAP] #{ (50

21%x2/2,0¢5P 5% [50))
AM2P =F T2T# T 1% (50)%%2 /2. 0¢F 137%T1

le(SO)%%2/ 2, CoB*AIS (DEL-AML) 2 T1®=BLAMZ
2/RKAP L {{ SC)=%3/3 .0+ SPS® (53 »%2 /2.0)

CONTINUF

NL 2=20

RL2=NL 2-1

AA=5P 5~5N§
CONST=B=AI#(DEL-AML)#*BLAM] /EKAP]
TEMP=50/RL2

ClAa=AT%GL

CEXP 3=CEXP{CLA%AA}

CEXP&=CEXP (CLA®TE #P}

ND 455 JL=1,NL2

KL =AA +TEMP& (JL~-1}
PRESZIJLI=FT2%CEXP3¢F T3+CCNETHXL
CEXP 3=CEXP I%(EXP 4

CONTINUE

CALL 5uBBSB

RE TURN

END
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COMMCN /SYSTEM/SYSBUF ,1BBCLY
COMMON/BLKL1/SCRK ¢ SPSoSNSoDSTRoAL o PI oDEL cSIGMAGBET Ay RES
COMMDN /BLK2/8 SYCON
COMMON/BL K3/ SBKDEL o SBKDE 2 oF% oF 45 cAM& oF5S5 oF6S o AMGTSToSUN3, SUM&,
AMSTY AME, SUMSYL o SUPSY2 o SYKLL oSYKLZ oFS oFS T o AMS o AMST,
AoBoALP oF1oAML JALNBLKAPM ;BKDEL3 ¢F1S oCL oC2PoC2Ny
C2:AMTE ST F T2,BLAML oF T3 0ANM2 ;SUML o SUMZ oF2 ; BLAM2, FT 2T, C1T,
FT3T,F2P AM2P o SLML T, SUM2 T oCLP oCL Ny BKDELL BKDEL 2,
BLKAP Ly ARG,ARG2,FT31ST,BC (BC2 ;BC3 ¢BC% ,BC5,CALoCAZ, CA3g CA%y
CLIFY,CMOMT ;PRE S1 ,PRE S2 ; PRE S3 ,PRE S4 ,QRES% , FQA, FQB, FQT
COMMON /BLK4&/T R oY 0AL 981 pC% oC5 oG LoI6 oI? o db yNLoRERT 4 RS5;SNoSPo XLy
i Y1,AMU, GAMoIDX I NXoNL2 o RLE gRL2 . RAL,RA2,XL1o ALP L, ALP 2,
2 GAMN,GAMP ,INER o ICUT (REDF ¢STAG oSTEP jAMACH ; BET NN, BETNP,
3 BKAP1oXLSV0IoXLSU2, XLSY3 oXLSYS cALPAMP ;AMDAXS o
) 4 DISAMP , GUSAMP PI TAXS,PI ICCR
| COMPLEX SHKDEL »SB KDE 2
3 COMPLEX F 4oF4S, AM% oF 55 oF6 SoAMGT 3T ;SUM3 pSUMS , AMST T  AM6
COMPLEX SUMSVL,SUMSY2 ¢SYKLL 9SYKL2 oF T oFST ,AMS o AMST
1' CIMPLEX AT A8 ¢BSYCON pALP oFL AML oA NoBLKAPM o BKDEL3oF1S,CloC2P,C2N -
" COMPLEX C2,AMTESToF T2 ,BLANL (FT3 oAM2 oSUML oSUM2 oF2, BLAMZ, FT 2T, C1T, -~
LFT3T,F2P , AM2P , SUMI T, SLM2 T
- CUMPLEX C 1P ,CIN,BKDELL ,BKDEL2 ;BLKAP) ARG, ARG2 ,FT3TST -
! COMPLEX BC o BC2¢BC3:BC4,BC5,CAl,CA2 CA3 ,CAG
COMPLEX CLIFY,CMOMT
COMPLEX PRESL;PRES2,PRES3 (PRESL 1QRESSG ,CEXPSLC
COMPLEX FQA FQBoTL,T2,T3 74 CEXP2A,CEXP2R, CEXP2C,CEXPLA, CEXP4B
COMPLEX FQ7oC1AC3A,C4AsCCNST ,CEXP3 (CEXPS CEXP3 A, CEXP38, CEXP3C
DIMENSION PRESLI21),PRES2 {21} ,PRES3 {21} ,PRES4(21},QRES4(21)
7 DIMENSION SBKDE1(2Cl) (SBKDE2 {201)
l DIMENSION SUMSVL(2CL) oSUMSY2{201) pSVYKLY (201) oSVYKL20201)
DIMENSION XLSVL(21D oXLSV2 (21) oXLSV3I{21) oXLSV4(21) 1Y (8)
- §1=2.0¢5M5-SPS
i TI=CEXP(=AL*SIGMA )
12=CEXP (A [ SIGMA )
. TEMP=S1/R L2
l ClA=AI%*GL
CONST=BeA [* (DEL-AMLI*®BLAM2 /EKAPL

. ' SUBROUTINE SUBBB

[s T - N N N

AT

2.1
R Celah e

ey
o Ty

NI RN 0L v i i ) -

; CEXP3=CEXP(C1A%SP S)
2 g CEXP4=CEXP{CL1A®TEMP}
; E XL=5PS
DO 456 JL=1,NL2
i .- PRES3(IJL) =(FT2T*CEXP3¢F T3T+CCNSTHXL) #T]
: E CEXP 3=CEXP 3*CE XP 4
- XL =XL ¢ TEMP
g 456 CONTINUE
' gf FT3TST=0,0C
. £12=0.0
FT13=0,0

FQA=BKDEL 1/{BC#BE TA) * (A®A[#BKDEL2 /BKDEL1-B*BLKAPL) -

] FT27=0.0
j E FT37=000
I 1¥CEXP (~A[*(DEL*SPS=SIGMA} /2. 0)

T e e s | iariaiam s e o . - T e b e o e R et W
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Ri={-1.00%0{f~-1)

ALP=SQRT{(R#*P] /SNS)*s22¢ SCREPE2)

ALN==ALP
CALL AKAPM{ALP BKDEL3)

T3=ALP=-DEL
SVKL 11 )=BKDEL3
lF(ioEQox’ RT7=1.0
SUML=(ALP-AML} /{ T3} (RE-CENP (Al +=(Y3)&SPS)*T2
LI/ABETA®{ L. CoRT))®R] /{SNS#ALP) *BKDELL/ BKDEL3*(ARAY#BKOEL2/
2BKDELI®{TV2)/(T3¢GL)-BaB L KAPL=R/(T3) )
SUMLT=(ALP-AMU}/ (T3} % (1l .0-CEXFP{AI #(T3) *SPS) T2
1#2 1) /(BETA* {1 . Q0¢RT) D3RI /I SNSAL P) #BKDELL/BKDELI*{ A%AlS
ZBKDEL 2/BKDELI®*{T3)/(T3¢GL)-B#BLKAPL~-B/ (T3) )
SUMSYLI(T}=(ALP-AMUD/0T3}2 (. 0-CCOSC (T3 &SPS+S5IGMA
14R*P {1 ) ) /(BETVA® (L. CeRTV)ESNS*ALP) *BKDELL /BKDELI *CEXP{-2.0%A]#{ ALP
2-DEL D )*lAGBKDEL2/BRKDELLI*{T3) /{T3¢GL) ¢B*AT®BLKAPL
3eRFAL /LT3N
FT2=5UMI% AT /L T3) & (CEXP(~2.02Af# (T3} ) -CEXP{~Al#(SPS-SNS}
I%(T3))I+F V2
FI3=SUMIs (2, 0%AT%CEXP (-2 0%AT &{T3) ) Z7(T3) -AL%(SPS-SNS )/
( "3)%CEXP (~AI* (T3)E(SPS=-SAS)I+CEXP(-2.0%AT %{T3) )/

2O T3 2)-CEXP(—AT®{TIDH{SPE-SNS) D/ {{T3) %22} )+FT3

FT2T=SUMIT*T)I*CEXP{-ALI®(T3)#SPS) =AT / {T3)
I1%{CEXP{-A I (T3} (SL))~1.0)&FT27
FT3T=SUML T TI¢CEXP{~AIS{T3)#S5PS)*{{S1)

LA L/ET3)CEXPE-AT % T3}%{S2))e¢10/70(T3)
20k 2) & (CEXP (A% {T3)®{SL))-1.0)D<FT3T

CALL AKAPM{ALN ,BKDEL3)

T4=ALN-DEL

SVKL 2{ 1 )=RBKDEL]

SUM2=(ALN-AMU) /U T4+ (RI-CEXP (Al #{T&)#5PS ) ®T2
LIZEBETA®R{ 1. CoRT)I®RE F{SNS#ALN)*BKDELLI/BKOELI*(A®AT#BKDEL 2/
2BKDEL 1*({T4)/(T4*GL)-B*BLKAPLI=-B/ (To))

SUM2T={ALN-AMU) /(T4) & (]l Q-CEXP{AT *#(T4) =3P5 ) 2T 2
1% I ) /{BETA# {1, O0+RT)I*RI /{ SNS*ALN) *BKDELL/ BRDELA3*{ A+Al®
ZBKDEL 2/BKDEL 1% {743 /{T4+GL)~B*BLKAPL ~B/ (TG ) )

SUMSV2{ T )=(ALN-AMU) /(T4)*(1.0-CLCOS({ (T De5PSeSIGMA
LeR#=P I} )/Z{BETA% {1 C+RT) R SNS*ALN} #BKOEL] /BKDEL3ISCEXPI-2.0%AT%{T 4
PYICCAXBKOEL2/BKDEL = (T4} /(T4+GL)B*A[#BLKAPL
34RXAT/(TS) D

FY2=FT2¢SUM2%AT /{ T4) ¥ {CEXP {20 %Al (T4} ) —CEXP(~-AT®(SPS
1-5NSI={T&)b)

FY2T=SUM2 T T1#CEXP (-A[®={ T4} *SPS}=AL/(T4)

I*(CEXP (-AI% (T4 )% (S1))~100+FT2T

FT3=F T34SUM2%( 2, 0SAI *CEXP (=2 0%AI ®(T4) 1/ {T%)-ALIR(SPS
1-SNSH/{TALIRCEXP(~-AT% (T4) 2 { SPS-SNS) ) e CEXPI-2.0+Al%
AT&I) /U T4 )22 )-CEXP(-AL#{T4) 2 SPS5~-SNSD )/
3IT4i%%2))

FI3T=FT3T+SUM2TTI#CEXP{~A]$ [ T4 ) &SPS)®{(S]
LiIFAL/(T4)*CEXP(-AI# (T4} % {51}0¢1.0/
20(T4)x%2)% (CEXP{~AfI®{T4)*(SL)0=1.0)}

[7=f

AA=5P 5~SN §

TEMP =SL/RL2

TEMP 2=R=P [ /SNS

) X
.

3
)

i BRSOl s, s



s 2
C3A=-AJ®T2 o POOR QUA
C4A=~AT#T4

ClA=A [*DEL

CEXP 3A =CE XP {C 3A%AA)
CEXP 3B =CE XP {C 3A% SP S}
CEXP 3C =CE XP (C 3AX TEMP)
CEXP 4A=CE XP (C 4A*AA )
CEXP B =CE XP {C 4A% SPS)
CEXP 4C =CE XP (C %A% TEMP)
CEXP2A=CE XP{C1A®AA)
CEXP 28=CE XP(C1A®SP S}
CEXP 2C =CE XP {C 1A% TE PP}
AL 1=AA
D3 457 JL=1,NL2
PRESZ2{JL ) =SUMLECE XP2A¢ SUM2%CE XPSA+PRES2(JL}
PRES2(JLI=PRES2(JLICCCNSTRCERP2 ASRE /TEMP3 %S IN(T EMP2®(XL1-5PS ) )
KL 2=%L 1 oSNNS
PRESI{ JL) ={ SUMLT&CEXP3Be SLM2 TSCEXP4L B) #T1#PRES3 { JL)
PRES3{ JL) =PRESI{JLI+CCNSTH*CEXP2ZB/TEMPI*SIN(TEMP2#(XL2-SPS ) )#T }
XL 1=XL Lo TEMD
CEXP 3A=CE XP 3A%CE XP3C
CEXP %A =CE XP 4A%CE XP4C
CEXP 2A=CE %P 2A%CE XP2C
CEXP 36 =CE %P 2B#*CE XP3C
CEXP 4B =CE XP 4B%CE XP4C
CEXP 2R =CE %P 2B%CE XP2C
457 CONTINUE
IF (CABSL(FTI-FT3TUSEI/FT3).LT. 0.00086) GO TC 65
: FT3TST=FT23
: { 60 CONTINUE
- GO T2 $994
65 CONTINUE
i' FY3TST=FT?3
F2=F24FT2
AM2=AM2+F T2
- F2P=F 2P +F 727
AM 2P =AM 2P ¢F 137
AA=5P S-SN S
AA L=SP SeSNS
I~ AA2=SP S¢2,C%*SNS
- TEMP=S1/L2
AL =AA
'!' CiA=A [#DEL
CEXP 3=CEXP{CLA®AA)
CEXP 3C =CE #P {C 1A% TE¥P)
- CEXP4=CEXP{C1A*SP $)
@ CONST=2.0%FQA
- CEXP 2A=TL#CONST
5 DO 4571 JL=1.NL2
E STEP=0,0
n . [F{XL .GE.AAL)STEP=1.0

Pap—

: PRES2(JL } =PRES2(JLI*COCNSTRCEXP3 #{ (XL~SPS)/SNS-2.0#STEP)
< XL 2=XL +SN S

: K STEP=0.0

IFUXL 2.GE .AA2) STEP=].(C

PRES3(JL) =PRESI(JLI-CEXP2A*CEXP4% (1 c0-(XL2-SPS)I/SNS+2,0#STEP)

—_— . —— i e .,




CEXP 3=CEXP 26 E XP3C
CEXP 4=CEXP 4#CE XP 3C
XL =XL + TEMP ORIGINAL PaGE g
4571 CONTINUE OF POOR QuALITY
GAM=SP S#DEL- SIGMA
C1P=(GAM/DSTR}=SCRK
C2P=(GAM/DSTR ) ¢ SCRK
ALP=GAM®SPS/{DSTR*%2)-SNS/DSTR*CSQRT (C1P) *CS QRT (C2P)
T3=ALP-DEL
F4sCEXP (A [*(ALP®SPS~GAM) )% (ALP*SPS-GAN)/ ( (ALP#DST R##2-GAM#SPS -
1%(73))
CALL AKAPM{ALP ,BKDEL3)
SBKDE L{ 1) =BKDEL3
SBKDE2(1)=0.C
CALL AKAPPA(DEL,BKAPL)
CAR G=DEL-GL
CALL AKAPPA(CARG CKAPIL)
i~ Fo=f 4#BKDEL3/(BKDELL*BKAPL)® (A% (BKDELL/BKDEL2#(V3)/ (V3 - ,
l L4GL 1% {DEL-GL~AMU} =CEXP {2, N*AT #G L) *BKAPL/CKAPL ) ¢B¥AI*(1.0-2.0 - i
P%AT%{ DEL-AMU)- (DEL~AML) #RES)~B% Al % (DEL~AMU) #{BLKAPL-1.0/(T3) ]} ~ -
g 3)
“>;l F5S=B®AI/(BKDEL1#BKAPL) % (1.C~2. O%A] #(DEL-AMU) ~{ DEL~AMU ) $RES- -

T w-ww:&ﬁ:ﬁ
- g
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E

1{DEL=-AMU)*BLKAPL)
F65=A/(BKDEL 14BKAP1)* (BKDEL] /BKDEL2 $(DEL~GL ~AMU D SCEXP{ 2.0 %AT&CL) -
1#BKAP L/CKAP LD
F4S=F &
FQT=BC&{F £5¢F55)
~ TEMP =( SPS~SNS) /RL1
: TEMP 2=2.0-SPS
CONST=-T1%F 45
; ClA=-A[*T2
- ( CEXP 3A=CE XP (C LA® SNS)
R CEXP 33 =CE XP (C 1A% TEMP)
B DD 458 JL =1,NL
I“ PRES&(JLI=CONST*CE XP3A
! CEXP 34 =CE XP 3A%CE XP3B
458 CONTINUE
Cl=CEXP{-Ai®(T3)%SPS)
C2=CEXP(-AI*{TV3)% SNS)
- Fo=F&xATe T1/{T3)& (CL-C2)
AM4=F 4S8 T 1% (AL*xSP SRC L /(T3 ) -AT#SNS®C2/{T3) -
1e{CL-C2)/7{(T3) %2} ) ¢F4S*AT*(2.0-SP5) 71/ -
- 2(73)%{C1l=C2)

CALL SUBC
RETURN
9994 WRITE(IBBOUT,3015)
3015 FORMAT{S55H0%%% USER FATAL MESSAGE - AMG MODULE ~SUBROJT INE SUBC /
. 1 394, 26HAM4 LOGP DID NCT CONVERGE. )
5@ CALL MESAGE(-61s0,C)
; RETURN
END
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SUBRUOUTINE SuBC
COMMDN /SYSTEM/SYSBLF o IBBCLY
COMMON/BLKL/SCRKoSPS, SNSyDSTR,AT o PI ;DEL ,SIGMA,BET Ay RES
COMMON /BLK2/BSYCON
COMMON /BL K3/ SBKDEL o SBKDE2 F4% oF &S cAMS ;F5S oFHS ¢ AMETST oSUM3,SUMG,

AMSTT  AME, SUMSYL o SURSY2 o SYKLL SYKLZ ,F54F5T ; AMS o ANST o

AsBoALP oF1oAME cALNBLKAPPK BKDELS oFL1S oCL,C2P:C2Ny

C2,AMTE ST FT2,BLAME oF T3 ;ANM2 ,SUML ¢ SUM2 ;F2  BLAM2,FT 2T, C1T,

FT3ToF 2P cAM2P o SUML T sSUMZ T oCLP o1 Ny BKDELL, B DEL 2,

BLKAP 1, ARG,ARG2F T3 VST ,8C BC2 ¢BC3 ,BC%4,B(5 ,CALoCA2,CA3,CA%s

CLIFT.CMDMToPRE S1,PRE 52 ;PRES3 ;PRES4 o QRES4 (FQA,FQB, FAT . i
CIMMDON /RLK4G /T gRpYoR) 4Bl oC&oCB G Lol6 o177 o JLoMLo RIS RToR5,5N SPo XLy -
1 Y1cAMU, GAMIDHINKoNLZ ¢ BLL gRLZoRGLRQA2oxXLL, ALPL; ALP 29
2 GAMMGAMP ,INER ;EQUT (REDF ;STAG ;STEP,AMACH o BETNNy BETNP )
3 BRAPI KL SUloXLSY2oXLSV3 oHLSYS ALPAMP ;AMDAXS ¢ f
4 DISAMP ( GUSAMP PITAXSoPITCCR .
CNMPLEX SBKDEL,SBXDEZ2

CIMPLEX FaoF &S5y AMb oFS5 S oF6 SoAMETST oSUM3 oSUME o AMSTT  AMG

COMPLEX SUMSVYL  SUMSY2 pSYKLL (SVIL2 oF5 oF5T o AMS o AMST 5
COMPLEX AT AR BSYCONALP oF 1 AML jALNBLKAPM BKDEL3, FLS,CloC2P,C2N -~ r
CUMPLEX C 2,AMTEST oFT2 sBLANML (FT3 gAMZ cSUML oSUM2 ,F2Z2,BLAM2, FT2T,CLT, =~
LFT3ATF2P AM2P , SUML T ,SLM2T ‘ §
COMPLEX C LP CINBKDELL.BKDEL2 ;BLKAPL ;ARG ARG2 -
LFTATST,C LA C24 ;C3ACERPL CERP2,CEXPS CEXPL A CEXP2A, CEXP3A, CONST ‘
COMPLEX BC oBC2,BC3,BL 4 BL5,CA1,CA2,CA3 ;CAL A,
COMPLEX CLIFT,CMOMTYC4A+CEXFS CEXPS sCEXPGACEXKPSA o
COMPLEX PRESL,PRESZ2.PRES3 (PRES4 ,QRES4 T
COMPLEX FQAFQBeTLloT2073

COMPLEX FQ7

DIMENSION PRESL{21) oPRES2 {2101 PRES3 {21} ;PRESL(21},QRES4(21)

CIMENSION SBKDEL{20l3 sSBKDE2{201)

DIMENSION SUMSvLI(20)) oSUMSY2020010 (SYKLLIZ20L) ,SYKRL2{(201)

DIMENSION XLSVL(21) oXLSY2{21) +XLSVI (21 ) XLSVL{21),1IV(B)

AM4TST=0,C

S1=5P SHDEL~-SIGMA

S2=SPS/{(D STR%=%2)

$3=S5NS5/DSTR

54=5P5+5N ¢

T3=CEXP{-AI=SIGMA }

DHh 70 I=1,200

R=]

GAMP =2 0% P I %R ¢ S1

GAMN==2,0%P [¥#R+ 5]

ClP={GAMP /DSTR )~ SCRK

C2P={ GAMP /D STR )+ SCRK

ALP=GAMP# S2-S53%C SQRT(CLP)*C SCRT{C2P)

Tl=ALP-DEL

CALL ARKAPMIALPBKDEL3)

SBKDE L4 i1+ 1) =BKDEL3

SUMI=CEXP (AT*[ALPRSPS-CARPI)*(ALPHSPS~GAMP )} #BKOEL3I/ {{ ALP*DSTR%®2 -~
I-GAMP%SPS )% TLI®{F652T1 /s T1¢GLI+FSS -
24+8%AI/(BKDEL 1#BKAPL) & (DEL-ANLY/ (ALP-DEL))
CIN={GAMN/DSTR }=-SCRK

o S O




R —"

C 2N =( GAMN /D STR )4 SCRK ORIGINAL PAGE 1S
ALN=GAMN® S2-S3*CSQRTICIND#CSCRT(C2n)  OF POOR QUALITY
T2=ALN-DEL '
CALL AKAPM{ALN:BKDEL3) :
SBKDE2( 14 1) =BKDE L3 '
SUM2=CEXP (AT*(ALN®SP S=GAMN) ) (A LN®SPS-GAMND *BKDEL3/ ( { ALN*DSTR®%2 -
1~GAMNE SPS)#T2)%(F6Se (12) /(T2¢GLI*F5S -
26B%AT /{BKDEL 1#¥BKAPL)# (DEL-AML)/ (T2} )

CIP=CEXP{-AI*{TL)*SPS)

C2P=CEXP(~-AI®{T1)#SNS)

CIN=CEXP(-AI*{T2)% 3PS}

CIN=CEXP(=-AI®{T2)% SNS)

Foes=F4eSUM1#T38AF /(T1)#(CLP-C2P) +SUM2 T3 -
. 1#A 171 T2)% {C IN=-C2N)

AMG=AM&eSUMIS T3 [A[* SPSRCLP/ (V1 ) =A] ®SNS*C2 P/ -
: L(T1)¢1.0/((Th)en2)8{CIP-C2P)+AL #(2,0=SPS)/{T1)* -
: 20C1IP-C2P ) o SUM2H TA® (A IS SPSHCL N/ (T2) ~Al #SNS %C2 N/ -
] g‘ T2} 410/ ((12)%€2) & (CLN-C2N) ¢ Al ¥{2.0-SPS}/ (T2)% -
- 4(CIN-C2N)) ;
[6=141 }

- TEMP =( SPS-SNS) /RL1 o
] ClA=-AI8T1 | s
’ C2A=—A1%T2 LY
. C3A=A [#DEL %
f; CEXP L=CEXP (CIA®SNS)

: CEXP 2=CEXP (C24% SN S)
CEXP 3=CEXP (C3A% SNS)

- CEXP 1A =CE XP (C 1A% TEMP)
J' CEXP 2A=CE XP (C2A% TEMP)

T
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are g e
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CEXP 3A=CE %P {C 344 TEMP} .

CUNST=FQT/{2,0%PE } v

TEMP 2=2.0%PI%R /54 f

CeA=~Al*S1

CEXP4=CEXPIC4A*{2.CESNS/S4¢CaB))

CEXPS=CEXP({C%A®0,5)

CEXP 4A=CEXP {C4A® YEMP /54)

CEXPSA=CEXP{C 4A% TEMP/(SPS+SAS)H)

XL =5NS

DO 459 JL=1sNL

PRES4(JL}=PRES&{JL)-T32(SLMLI#CE XPL * SUM2*CEX P2

I *CONSTHCEXP AR (CE XP&« SINC TERP2% (SNS¢XL))/R

2 -CEXP S®SIN(TEMP2&{SPS+XL) D /R

XL =XL *TEMP

CEXP L=CEXP1%CEXP 1A

CEXP 2=CEXP 2%CE AP 2A

CEXP 3=CEXP 32CE XP3A

CEXP 4=CEXP &&CE XP %A

CEXP S=CEXP S¢CE XP 54
459 CONTINUE

IF (CABS{ (AM4~AMSLTST) /AMSL) oLTo 0.0006) GO ¥C 75

AM4TST=AM4
7O CONTINUE
pd GO T2 9994
" 75 CONTINUE
i TEMP =0 SPS—5NS) /RLL
TEHP l=200$ SNS/S‘?”‘ c-: 5
TEMP 2=0,5~( SPS+SNS) /5%
ClA=AI*DEL
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END

! i
_ ' T |
. - ORIGINAL PAGE (8 |
3 A= ¥ !
) ' Ega =-é én 3t OF POOR QUALITY

: CEXP L=CEXP (C1A%SNS)

é CEXP 2=CEXP(C2A% TEMPL)

3 ' CEXP 3=CEXP (C3IA%TENP2)

T CEXP 1A =CE XP {C 1A% TEPP) .
; CEXP 2A=CE XP {C 2A* TEMP / $4)

3 ' CONST=Y3%FQ7/2.C

y & XL =5NS

u DO 4596 JL=1oNL

¥ PRES4{JL ) =PRE S4{JL)-C CNSTRCEXPL #(CE XP2 #

3‘ 3' 1 (CSNS¢XL)/S4=005)-CEXP3* {(SPS+XL) /56-1.5))

b XL aXL +TEMP

N CEX® 1=CEXP 1#CE XP1A

B g' CEXP 2=CE XP 20CE XP2A

o ¥ CEXP 3=CEXP 3%CE XP2A

S 4596 CONTINUE

3 E CALL SUBD

- 4 RETURN i
; 9994 WR ITE(IBBOLT,3C15)

E - 3015 FORMAT(S5SHO®%% USER FATAL MESSAGE - AMG MODULE ~SUBROUTINE SUBC / o
; i, 1 39X, 26HAM4 LOCOP DID NCT CONVERGE. ) o4
E CALL MESAGE(-61:0,0) "
N RE TURN f
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SUBROGUTINE SUBD

COMMON /SYSTEM/SYSBUF oIBBCLT
COMMON/BLKL/SCRKySPSoSNSoDSTRoAT oPI oDELSIGMALBET Ao RES
COMMON /BLK2/8SYCON

COMVON /BL K3/ SBKDEL o SBKDE2 jF% oF 4S oANG oF5S oF6S o AMGTSToSUM3oSUM4,

BMSTT pAMESUMSY ] o SUNPSY2 o SYKLL oSYKLZ oFS oF5T o AMS o AMST ¢
AgBoALP oFLloAMLoALNBLKAPKF BKDELI ¢FLS +CL oC2PL2N,
C2,AMTEST oF T2 B LAML oF T3 cAF2 oSUML (SUMZ oF2 ¢ BLANZ2FT 2T, CLT o

BLKAP Lo ARG,ARG2,FT3T15T¢BC ¢BC2 p8C3 oBC% ¢8BL5,CAL,CAZoCA3p CAG,y
CLIFT,CMOMToPRE S1 oPRE S2 o PRES3 (PRES4 ¢QRES% 3 FQA, FQAB, FQT

Q@ wn o Do

COMMOMN/BLKE/T oR oV oAl ¢BL sC%oC5 G LlolbolT o JLoNLeREsRToB5,SNgSPo XL,
Y1AMU, GAMID X INXoNL2 oRLYL oRL2Z o RECLRA2, MLy ALP L, ALP 20

1
2 GAMN,GAMP o INER  IQUT oREDF 5 STAG ¢STEPAMACH o BETNNo BETNPo
1 BKAPLoXLSVIoXLSY20oHLSVY3 oRLSV4 cALPAMP o AMOAXS 5

4 OISAMP GUSAMP,PITAXS,PI TCCR

CUMPLEX SBKDE) ,SB KDE2

CIMPLEX F 4oF45, AM& oF5SoF6 SoAMGTST oSUM3 oSUMS o AMSTT o AMS
COMPLEX SUMSVYL ,SUMSY2 gSYKLL oSYKLZ oF 5 oFST o AMS 5 AMST

CIMPLEX AT A¢B (BSYCONGALP oF1 gAML ;ALNBLKAPMoBKDEL3,FiSoCloC2Po (2N -
CUMPLEX C2,AMTEST oF 72 oBLANML oF T3 0AM2 oSUML gSUM2oF2 o BLAMZ2,FT2T,CLlTo, -

1FT3TeF2P g AMPP  SUML T SLM2T

COMPLEX CIP,CIN¢BKDELLBKDEL2 ¢BLKAPL sARGoARGZ (FT3TST
COMPLEX BCBC2,8C3:BC4:BCH5;CAL CA2 sCA3 ;CA%L

COMPLEX CLIFT.CMDET

COMPLEX PRESL,PRES2,PRE S3 o PRESS 1QRESS

CUMPLEX FQAFQBoSSaTl T2 o T3 ¢T4oCONST oCUNST2 yCONST3,CONST 4%
COMPLEX FQT,CONSTSLONSTOHCLAC2ACEXPL CEXP2,CEXPLA,CEXP2A
DIMENSION PRESLEZL) (PRES2(21) oPRES3 (21 ) oPRESSG{21),QRES4{21)
DIMENSION SAKBEL (201} ,5BKDEZ2(201)

DIMENSION SUMSWL{(2C1) oSUMSY24201) ,SYKLL1{20L1)SYKL2{201)
DIMENSION XLSVI(2L) oXLSV24{21) oXLSV3I {21 ) oXLSVS&LE2)1D,0VE8B)
AM6=0.0

Fo=0N.0

AMS=0(.0

S1=SPSeSNS

52=SIGMA~ SP S%#DEL

$3=SPS/7(0 STR%%2)

S4=SNS/DSTR

S5=DEL % SN S+ SIG M4

SS=CEXP(~-AI%SIGMA)

Dt 80 I0UT=1,200

IF{IDUT .GT. I7) GO TO 9397

F5=13UT-1

RUL=SQRTUIRSPI/SNS)®&2¢ SCRE#®%2)

Rd2=-RQ1

Ce={RQL%S]1+S2) /{2.C:P]1}

C5={RQ2=S 1+ 82} /(2. CEPI}

BL2=BC /{2 . CxSYKLI{IOUT) ) SCENP{~Al (=52 ) #(SPS¢+3.,0%SNS )/
L2051 h /7L 2.0%PE%AT)

BC3=BC2%SVKLITIOUT) /7SYKLZ2MICLTY)

BC4=BC /7{2.0%SYKLLIIOLT))*#CENPLAI®{-S2) *¥{SNS~-SP5)/
1 (2,051 )/(2.CxPI#AT)

P S PN G RPN R - e e e P - " s

FT3T,F2P ;AM2P o SUML T oSUM2 T oCLP oCL Ny BKDELL, BKDEL 2y
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200

210

BCS5=BC&*SVKLICIOUT) 7SYKL2 (ICUT) ORIGINAL PACE IS
F57=0.0 OF POOR QUALITY
AMST=0,.0

AM5TT=0,0

DO 461 JL=1,NL

QRES&(JL)=C.0

CONTENUE

DO 85 INER=1,200

R=[NER-1

GAMP =2 ,0%P [3R= 52

GAMN == 2, 0%pP [ %R = §2

C1P=(GAMP /DSTR )= SCRK

C2P ={ GAMP /D STR )¢ SCRK

ALP=GAMP& §3~ S4=C SQRT(CLP) #C SGRT {C2 P)

BK DEL 3=SBKDE LI INER)

IFCINER JLE. [&) GO 10 200

CALL AXAPM{ALP BKDEL3)

SHKDE L INER ) =BXDEL3

CONTINUE

T1=ALP#*SP S=GAMP

T2=ALPENS TR*®2-GA MP& SPS
SUML=SUMSV1{IOUT) «CE XP{AI#TL)#BKDELI®TL/ (
172% SYKLL{IGUT)® (ALP=-RQL))
SUM3=SUMSV2(IOLT)*CE XP{AI5TL) *BKDEL3*TL/ (
1T2%SYKL 20 I0LT) % (ALP-RG2) )

[FOINER .EQ. 1) GO TO 90
CIN={GAMN /DSTR }=SCRK

C2N={ GAMN /DSTR )¢ SCRK

ALN=GAMN® S3- S4%C SQRT (CLND *C SERT (C2 N)
BKDEL 3=SBKDE2{ INER )

IF{INER oLE. 16) GC TO 210

CALL AKAPMLALN ,BKDEL3)
SRKDE2( INER )=BKDE L2

CONTEINUE

TL=ALN% SP S~GAMN

T2=ALNZDSTReEE2=-GAMN®SPS
SUM2=SUMSYI(IOUT)*CE XP(ALl *T1 ) *BXDELA T/ {
2T2%SVYKL L¢ IOLTI*(ALN-RGL))

SUM&G=SUMS V2L IOLT)SCE XPLATI#TL1 ) #*BKDEL3I*T1/(
2T2#SYKL 2¢ IOLT}® (ALN-RC2} )

90 CONTINUE

IF{INER oEQ. L} SUM2:0.0

IF{INER L-EQ. 1} SUM&=0,0
ClP=CEXP{-AJ2={ALP-DEL}*®SPS)

C2P=CEXP (~Al®#(ALP-DEL}*SNS)

CIN=CEXP (~AI®*(ALN-DEL)%SPS}
LN=CEXP{-AT®{ALN-DEL}I®SNS)

FO5T=F5T+( SUMLe SUM3)=A[*SS5/{ALP-DEL) #{CLlP-C2P) +
LESUM2+5UM 4 ) SSEAT JLALMDEL) *#{CL N~C2N)

AMST=AMST ¢+{ SLMLESUMB) #SS% (AT #SPSHCL P/ (ALP-DEL)-AI

L¥SNS&C 2P/ (ALP~DEL )¢l C/{{ALP-DEL)#*2 )% {ClP=-C2P)¢A"H(2,0-5SP5)/(

ZALP~DEL)* {CLP=C2P ) D¢ [ SUM2¢ SLM4) *5S%{ Al #5PS&C1 N/ (ALN-

IDEL Y~AIRSNS*C2N/{ALN-DEL)+1. 0/ { {ALN~DEL} *22 )% (CIN-C2N) ¢+Al#{ 2.0~

4SPSH/LALN~DEL)*{CLN-C2N})
TEMP ={ SPS-SNS} /RL1
CONST={ SUML¢SUM3) %S5
CONST2=(SUM2¢S5UM& #3585
ClA=-A Q& { ALP-DEL)

kS L 32 ez S O

s

UETEAE TP B 5 ST F )

Chw o as ke T bbe s

o gl s




g @EW

L |

462

‘. 1 ¢ i , t = 1 0 q

C2a=-A1% (ALN-DEL}
CEXP 1=CEXP{C1A®SNS)
CEXP 2=CEXP{C2A# SN §)
CEXP LA=CEXP{CLA®TEMP)
CEXP ZA=CE AP {C 2ABTEMP)
DD 462 JL=1,NL
QRES&IJL ) =QRES4(JIL) - (CONSTECEXPL¢CONST2%CEXP2)

CEXP L=CEXP 1#CEXPLA

CEXP 2=CEXP 2%¢CE XP2A

CONT INUE

BETVP ={ 2, 0%R&P[-55) /51

BETNN={-2.C*R%P[~-55) /¢l

CIP=CEXP{-2.08P#R&ATHSNS/SL)

C2P=CEXP{-2.0%PI*R*A] #5PS/S51)

CIN=CEXP{ 2, 04PI®R*AT&ENS/SLY

C2N=CEXP( 2. 0*P [*R&AI* PS5/ S1)

VI=CEXP{-AI*BE TNP# TP S)

T2=CEXP{~-AL%BE TNP®SNS)

T3=CEXP(-AT#BE TNN® SPS)

T4=CEXP{-AL®BE TNN#® SNS)

CALl=Al#SS/BETNP®({T1-T2)

CAZ2=A1%SS5/BE TNN® { T3- T4}

CA3=S5¢(AI®SPS/BETINPH T -Af#ENS

I%«T2/BETNP ¢ {T1- 12
2 )/BETNP®%2+{2,0-SPS)=A] /BETNP* (T] ~

3r2))

CAG=S5SS*{AT®SPSHT3 /BE TAN-AT #SNS*

IT4/BETNN®(T3-T4
2ZY/BETNN®&® 2¢{2,0-SPSh*Al /BE TAR®{ 13~

3T4))

IF{INER oGT. L} GO YC 3CO

FS5T=FS5T-SUMSYI{TOLT} *{BC2%CLP-BCt#C2P)/ (R-CL)2CAL-SUMSY2( IOUT D
1%(BC3%C LP-BC 5%C2P) /(R-C5) #CAl

UJRIGHINAL PAGE D
OF POOR QUALITY

LI I I B B

1T it -

AT,

AMS5T=AM5T-SUMSYL (TQUTh* (BC2%CLP~BCG *C2P}/ (R=C4) *CA3-SUMSV 2T IOUT ) - .
1#{BC3%=L1P~-BCS*#(C2P ) /(R-CS])*CA3 ’ m

. i i . :

i e A S e e e ke L e e S St e i o o e o o e i oL I

- 4622

300

TEMP={ SPS~SNS) /RL1

CONST=S55% SUMSVL{IOUT I #(BC2%C1 P-BC4 *C2P)/ (R-C4)
CONST2=5S*SULMSY2{I0UT)*{BC3+CIP-BLS #C2P}/ (R-C5)

ClAa=-AI*BE TNP

CEAP 1=CEXP{CLA®SNS)

CEXP lA=CE AP (CLAT TEMP)

DN 4622 JL=1,NL

QRESGIJL ) =QRES4(JLICCONST#CEXPL+CONST2 #CEXPL

CEXP L=CEXP 1*CE XP 1A

CONTINUE

G3 7J 3210

CONTINUE

FST=FST-SUMSYLEICLT)* ((BC2*CLP-BCS*C2P)/ (R-C4)#CAL-{ BC2%LIN-BL&
1%C2N ) /{R*C4I*CAZ) - SUMSY2(TGLY) # {(BLC3#CL1P-BC53C2P)/ (R~-C5)*CAL
2-{BC3*CIN-~BCSeC2IN) /IReCS5) =CA2)
AMST=AMST-SUMSVI{IOUT) )% (IBC2%CL P-BL4*C2P)/ (R~C4 ) #CA3-( BC2*CIN~-
1BC45C2N)/(R4C4&)*CA4)— SUMSY2{ICUT) =( (BCI=CLP-BC5*C2P I/ {R-C5}#CA3
2 -(BC3%C1IN-BCS5%C2N) /{R+C5) #CA4)

TEMP={ SPS-SNS) /RLL

CONST=(8C 2#C1P-BC 4#C2P) /{R-C&)

CONST2={BC2%CIN=-BC4*C2N) / (R¢L4)
CONST3={BC23%C1P-BCE*C 2P} / {R-C5)

CONST4=(BC2%C LN-BLS5%C2N) 7/ {ReCS}
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ClAa=-AI*BETNP
C2A=-A[®BE TNN

P

DD 4623 JL=1,L

CEXP L=CEXPL®LEXP1A
CEXP 2=CEXP2%CE NP 2A
- 4623 CONTINUE

310 CONTINUE

AMSTT=AMST
{' 85 CONTINUE
GU T2 9995
95 CONTINUE
IFCIMER  oLE. 161}
I6=INER
220 CONTINUE
F5=F5¢F 5T
AM5=AMS¢AMST
00 463 JL =1,NL

[P

CONSTS=35*SUMSVYL (IQUT)
CONST6=5S*SUMSY2(I0LT}

CEXP 1=CEXP{L1A®SNS)
CEXP 2=CEXP (C2A*SNS)
CEXP LA=CE XP (C JASTEMP)
CEXP2A=CE XP{T2A% TEMP)

ORIGINAL PACE S
OF POOR QUALITY

QRES4{JL ) =QRE SGUJLISCENSTS# (CONST*CEXPL-CONST 22CEXP2)

*CONSTO*(CONSTI®CEXPL-CONST4*CEXP2)

If (CABSCIAMSYT-AMST) ZAM5TD o LT. 00010 GO TO 95

GC TC 220

PRES4(JL) =PRESA{JILI+QRES4 JL)

ALPLl=(2.0%P [*#C 4DEL*SARS-SIGFAD/S]
ALP2=(2.0®P1*C 5~DEL*SNS-SIGNMA) /5]

- TI=1.N-CEXP{-2.0%PI*A[%(C6)
T2=1.0-CEXP (-2, 0%P[®A[*(5)
CIP=CEXP {-2.0%PI*AJ&C4aSNS/SL}/(T1)
C2P=CEXP{ 2. (P I®A [*C £+ SNS/SL)/(TLY

{* 463 CONTINUE

Ml ity
¥ - i

CIN=CEXP (=2, C4PIxAT®L 5% SNS/SL) 7(T2)
C2N=CEXP{2.C*PI*AI#C 5% SNS/SL)/(T2)
TL=CEXP{-AI%SPS*ALPLl}
T2=CEXP{-AI*SNS*ALPL)
TI=CEXP(-AI%SP SE=ALP2)

T4=CEXP {-AI=SNSkALP2)

CAl=AI*SS/ALP1*(T]l~

121

&u CA2=A [*SS/ALP 2% (T3~T4)

L=T2/A P 1e{T1-T2})

S

I *T4/7ALP 241 T3~ T4)

CA3=SS5%(AI*SPS¥TY ZALPI-AI=SAS

/AP 16%x24(2,0~SPS)RAL JALPL#{T1=~T72))
CA4=55{A % S5PSeTI/ALP2~AI %SNS

2/ALP 2%%2¢ (2.0~-SPSI®AL /ALP2#({T3~-T4))

LI B A

==

e v

F5=F5-2,0%P [#A [#* SUMSVYL{IOLT)*{BC2*>CLP-8C4+C2P)*CAL-2.0%P %Al
1=3UMSV2(TOLT)® §BC 3#C I M-BC5%C2N) #CA2
AMS=AMS=2  O#P[#AT * SUMSVL (I CLT) = (BC2 #CL P-BC46 #C2P) #CA3-2.0#%PI*Al

TEMP=( SP 5-SNS} /RL1

CONST=5S*2.C%P[%4A]}

ClA=-Al%AaiP1
C2A=-AI%ALP2

2 =SUMSY2{ TOLT)»(BC3#C IN=-BCS5*C2N}*=CA4

CONST2=CONST®SLMSVWICICUT) *{BC2%C1P-BCs2C2P)
CONST 3=CONST#SUMSY2(ICLTI* {BL3*CLN=-BC5 *C2 N}
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80

120

9G95
3320

9996
3925

G997
3030

5000

ORIGINAL FAGE IS

CEXPL=CEXP(CLA®SNS) OF POOR QUALITY

CEXP2=CEXP{C2A*SNS}
CERP LA=CE XP (C 1A% TEMP)
CEXP 2A=CE XP (C2A® TEMP)
00 4632 JL=1oNL
PRESG(JL I =PRES4G{JLISCCNST2#CENPL+CONSTI*CEXP2
CEXP L=CEXP1*CEXPLlA

CEXP 2=CEXP 2%LE NP 2A

CONTINUE

IF (CABSt(AMS-AME) JAMS) oLT. 0.0009) GC TO 100
AMb6=0M5

CONTVENUE

60 T2 999¢

CONT INUE

CLIFT=F1¢Fa-F2PeF 4¢F5

CMOM T =AM 1 +AM2-AM2P+AMOTAMS ~AMCAXS*CLEFT

GO T3 5000

WRITE({ IBBOLTY.3020)

FIRMAT{55HQ%=% USER FATAL MESSAGE -~ AMG MODULE -SUBROUT INE SUBD

1 39X0 2THAMST LCOP DID NCYT CCNVERGE. 1}
CALL MESAGE{-61,0,C}
WR ITE( IBBOLY,3C25)

FORMATISSHC*®* USER FATAL MESSAGE - AMG MODULE -SUBROUTINE suBsD 7/

i 39Xy 2¢HAMS LGCP DID MNCY CONYERGE. )
CALL MESAGE(-€1,0,0)
WR ETE({ IBBOUT,3030}

FORMAT{ 55H0*%%* USER FATAL MESSAGE - AMG MODULE -SUBROUT INE SusD /

1 36X, 2CHOUTER LOCK OF AMS EXCEEDED 7. )
CALL MESAGE(~6l:0G,0C)

CONTINUE

RE TURN

END
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ORIGINAL PACE IS
OF POOR QUALITY

SUBROUTINFE ALAMDA (ARG oY BLANDA)
SUBROUTINE FOR COMPLTING LAMDA

CUMMON /BLKL/SCRK o SPS o SNSoDSTRoAY oPI yDELSIGMA.BET Ag RES
COMPLEX BLAMDA AT 4C1L

SCRK 1= AB S{SCRK})

ARGl= AB S(ARG)

S1={ARG=DEL)*SPS+ SIGMA

[F{ SCRK1.GT.ARGi} GC TCO 10
GAM=SQRT{ ARG#* 2- SCRK*%2)
Cl=CUS{GAM%{SNS~Y))-CEXP{AI#S]) %L OS5 (GAM%Y)
C2=LOS{SNS*GAM)~-CGS{S1)

BLAMDA=CL/C?2

RETURN

CONTINUE

GAM=SQRT( SCRK#&2-ARG*%2)
Cl=COSHIGAM®(SNS-Y})-CEXP{AL*S1 ) *COSH(GAMY)
C2=COSHISNS®*GAM)-CCSI L)

BLAMDA=C1/C2

RETURN

END

bS]




ORIGKNAL PAGE [b
OF POOR QUALITY

[} -
13 -
. g' SUBRDUTINE AKP2
. CDMWDN/BLKIISCRKoSPSo‘NSoDSTRoAEnPIeDELoSEGMAoBETApRES
B i‘ COMPLEX Al
, GAM=SQRT{DEL®* 2~ SCRK#%2 )
; S1=SNS#GAM
5 g- Cl=({SIGMA=-S1}72.0
- i C2=(SIGMA+S1})/2.0 -
P DGDA=DEL/GAM |
P D1=SPS/2.0
i i D2=SNS$/2.C#DGDA 3
t ; DC 104=D1-D2 }
1 DC2DA=DLeD2 o
[ RES=1,0/GAM®DGDA+ SNSHCOS{ $1)/SI N(SL ) *DGDA -
l I-CUS(C LI/ SINGLL)*DCIDA-COS(C2)/SIN{C2) *DC2DA

o RETURN
-'.{~ END -
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ORIGINAL PAGE 18
OF POOR QUALITY

SUBROUTINE AKAPPA (ARG BKAPPA)
SUBRJUTINE FOR COMPLTEING KAPPA

COMMIN /BLKL1/SCRK o SP Sy SNSoDSTRyAl oPE ¢DEL,SIGMA,BET Ay RES
COMPLEX Al

SCRK1 = ABS (SCRK)

ARGl ABS (ARG

IF { SCRK1l o.GF. ARGL} GC 7€ 10
GAM=SQRT{ ARG** 2~ SCRK% 02}

S1=SNS%GAM

Cl=RETA%GAM®SINIS1)}
C2=CO0S{S1}-COSUFARG-DEL)®SPS+SIGMA)
BKAPPA=C1/C2

RE TURN

CONYINUE

GAM=SQRT( SCRK*%2-ARG#%2)

51=5NS*GAM

Cl=-BETA®GAM*SINH{SL)
C2=CISHI{S1I-COS{(ARG-DEL)*SPS+SIGMA)
BKAPPA=CL/C2

KETURN

END
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SUBROUTINE DLKAPMIARG .BLKAPK)
SUBROUTINE FOR COMPUTING LCGARITHMIC DERIVAVIVE .OF KAPPA MINUS

COMYON /SYSTEM/SYSBUF ,IBBCLY
COMMIN/BLKL/SCRK o SPSoSNEGDSTRAT oPI oDELSIGMA, BEVﬂoRES
COMPLEX BLKAPM AL oCl oDL D2 oCLTEST-ARG4EL
COMPLEX ALPC,ALPALN
Cl=-A1/2.0&{5PS~3NS)

Pi2=2,0%pP{

S51=5P S/(DSTR*%2)

52=SNS/DSTR

GAMO=SP S&DEL-SIGMA
C2Q=GAMO/DSTR- SCRK
C3Q=GAMO/DSTR¢ SCRK

NN=0

CSEC=C2R%C 2Q

EF(CSEC.LT.C.OMNN=L

T1=CAMO&S 1

T2=52%«SQR T{ABS{CSEC))

IF‘CZQ oLTGCCoANDoCBQoL’nCo C) 723-72
LFINN EQ. CIALPC=T1¢T2

IFINNGEQ. LVALPO=CMPLX{TL T2}
Ci=C1+1.0/{ARG~ALPC}
Al=Pi2/(5P5-SNS)

A2=-41

B1=GAMO/§{ 5P S-SNS)

CLTEST=0.0

DO 20 I=1.,2CQ

R=1]

GAMP =P 1 2%R+GAMQ

CAMN=~P [ 2%R +GAMO
C2P=GAMP/DSTR- SCRK
C20=GAMP/DSTR+SCRK

C2N=GAMN/DETR- SCRK
C3Q=GAMN/DSTR+ SCRK

NN =0

CSEC=C 2P 20

IF(CSEC oL TG, 0}NN=1

TL=GAMP%S]

T2=52+«5QR T{ARS{C SEC))

lFﬂC ZP nLToOeOoANDoCZQoLTo OaC} Y2=-72
IF{NNEQ.CIALP=T]+ T2

[FENN EG. 1YALP=CHMPLX{TL T2}

NN =0

CSEC =C 2N®C 3Q

FFECSEC oL To0.00NN=1

T1=GAMMN*S 1

T2=52%SQR T{ABS(C SEC})

IFIC2N ol T s CoCaANDoC3Q.LTo 0. C) 12=-T2
IF{NN EQo QJALN=TL+ T2

IF(NN cEQo 1JALN=CMPLXITl T2}

El=A 1%R ¢B 1-ARG

ionb L
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50

94969

100

ORlCHivAL PRGE 18
Dl=(ALP-A 1%R~ .
D1=(ALP-A15R=B 1) /E] OF POOR GUALITY
C1=C141.0/(1.0601)8D2

E1=A2#R +B 1-ARG

D1=(ALN-A 2%R-B1) ZEL

D2=D1/E1

C1=C1¢1.0/(1.0+D1)%D2

IF (CABS{{C1-CITESTI/C1) oL¥o 00006} GO TO 50
CLTEST=CL

CONTINUE

GO TO 9995

CONTEINUE

El=ARG~81]

B=P1/A1

C1=C1-1.0/E1¢B
1#CCOS(B*E 1) /(CSINIBSEL))

BLKAPM=C 1

RETURN

WR ITE{ IRBROUT,1CC0)

CALL MESAGE(-&1,0.C)

FGRMAT(55HC#%% USER FATAL MESSAGE - AMG MODULE -SUBROUTINE DLKAPM)
RETURN

END




OO

e

L

Ay

"

| e |

e

oniGinAL PREE 18

SUBRDUTINE ASYCON
SUBRDUTINE FOR COMPUTING CCASTANT TERM [N KAPPA MINUS

COMMON/BLK2/ BSYCCh
CUMMON /SYSTEM/SYSBUF oiBBCLT
COMMON/BLIKL/SCRKp SPSo SNS)DSTRoAT oPI oDEL,SIGMA,BET Ap RES
COMPLEX BSYCON Al oCLoCLTESToALP oALNARATI o ARAT2
Cl=1.0
PI2=2.0%P |
Al=PI12/{SP5S-5NS)
GAMO=SP S#DEL~SIGMA \
A2=~A1 i
B1l=GAMO/ SP S-5NS) .
S1=S5PS/(DSTR=E%2)
52=SN5/DSTR
CITEST=0.C -
DO 10 I=1,2C0
R=1l
CAMP =P [ 2%R +GAMO
GAMN ==P [ 2%R +GAMD
C2P=GAMP /DSTR- SCRK
C20=GAMP /DSTR+ SCRK
C2N=GAMN/DSTR- SCRK
C30=GAMN/DSTR+SCRK
NN =0
CSEC=( 2P=C 2Q
IFICSEC L T.0.0)INN=]
TLl=GAMP=S1
T2=52%SQR TIABSI(CSEC))
IFIC2P oL To0.0.ANDC2QalTo0.C) 12=-T2
IFINN EQ. CPALP=TL¢ T2
IFENNGEQ. LIALP=CMPLXETYL T2)
NN =0
CSEC=C 2Ne(C 3Q
IFICSEC LT0.0INN=1
T1=GAMN%S§1
T2=52%S0R T(ABS(LSEC))
IFIC2N oL ToCo0-ANDoC3QeLT0.C) T2=-T2
IFENN EQ.ChALN=TL+T2
IFINNEQo 1DALN=CMPLXTTL, TZI
ARATLI=(Al*R+BL)/ALP
ARAT2={A2%R+BL)/ALN
Cl=C1=ARA T1%ARAT?2
IFICABSI{{CLI-CLITESTI/CLlD LTV 0.0001) GO TO &0 |
CLTEST=C1

10 CONTINUE ;
GO TD 9995 3

60 CONTINUE i
BSYCON=C 1 ;
RE TURN

9999 Wk ITE(IBBOUT,1C0Q)

CALL MESAGE(-61:0,C)

ko

U
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RETURN

1030 FORMAT(S5SHO®®% USER FATAL MESSAGE - AMG MODULE ~SUBROUTINE ASYCON)
END
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| [ OF POOR QUALITY
: [ SUBRDUTINE AKAPM{ARG BKPM)
' C
f C SUBROUTINE FOR COMPUTING KAFPA MINUS
C

COMMON /SVSTEM/SYSBUF o1BBOLY
COMMON /BLK1 /SCRK ¢ SP S0 SNSoDSTR AT oPT oDEL 51 GMA o BET Ay RES
COMMON /BLK 2/8 S YCON
CUMPLEX BKPMoC1 oA T oC1TE ST (B SYCON ARG
COMPLEX A T2,AT3,ALPO,ALP ALA
CL=CEXP(~A{#ARG /2,08 ( SPS—SNS) )
GAMO=SP S#DEL~ SEGMA
P12=2,08P |
: S1=5P S/(D STR=%2)
52=SNS/DS TR
€22=GAMO/DSTR- SCRK
C30=GAMN/D S IR+ SCRK
¥ NN =0

¥ CSEC =C 2% 30
: IF(CSEC oL ToCo OINN=1
.(T T1=GAMO%S 1

- T2=52%SQR T(ABS(C SEC} )

; IF{C2Q oL T o0e0.AND «C3QoL T 00 0) 12==T2
- IF(NN .EQo0)ALPO=T14 T2
I IFINN cEQ. 1DALPO=C MPLX (Tl o 72)
Cl=C1%(1,0-ARG/ALPO)
. Al=P 12/(SPS-SNS)
g[ AZ=-A1
i Bl=GAMO/{ SP S~ SNS)
CLTEST=0.0
N D0 20 I1=1,200
l a1
‘ GAMP =P [ 28R 4GAM O
- GAMN ==P { 2%R ¢GAMO
éj C 2P =GAMP /DS TR~ SCR K

WY TR AT TR TR VRN AT AT e

C2Q=GAMP/DSTR+ SCRK

C2N=GAMN/DSTR- SCRK
i C3Q=GAMN/DSTR+ SCRK

-}, NN =0

~ CSEC=C 2P=C 2Q

IF{CSEC oL T-0.0}NN=1

TLl=GAMP%S]

T2=52%SQR T{ABS(C SEC) }

IF(C2P ol T o0.0,ANDoC2Q.L T 0,00 T2 =-T2
IFINNEQoO)ALP=T1¢T2

IF{NN oEQo 1ALP=CMPLXITL T2}

NN =0

CSEC =C 2N% L 39

IFLC SEC oL To 0o CINN =1

TL1=GAMN%S1

T2=252%SQR T(ABSICSEC) )

IF(C2N oL To0.0,AND .C3QoLTo0.0) F2=-T2
IFINN EQ. O)ALN=T1¢ T2

IFINNoEQo L)ALN=CMPLXLTL ,T2)

ke
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! i‘ ]
v Criom el PREE 19 :

. AT2=(ALP-A1*R-B1) /(AL #R4+B1—ARG) OF POOR QUALITY ;

3 AT3=(ALN=A2%R-B1) /(A2%R+BL -ARG) ;
] Cl=C1% (1. 0¢AT20%{1,CrATI)
1 IF (CABS((CL-CLTESTI/CL) .LY¥c 0.,0009} GO YO 50

I CITEST=C1 |
' 20 CONTINUE 5
_ GO TO 9996 :
g 50 CONTINUE ,
- I Cl=C1*B 1/ (ARG-B1)*C SINIPI /AL®(ARG=BL))/{SINCPI®BL/AL))
\ C1=C1*BSYCON

BKPM =( §
{ RETURN
9999 WR ITE{ IBROLT,1000)

‘ CALL MESAGE(~61,0,0)
ol L1000 FORMAT{S55HO®%#% USER FATAL MESSAGE - AMG MODULE ~SUBROUT INE AKAPM )
o RETURN
| END -
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OF POOR QUALITY

SUBROUTINE DRKAPM (ARG oI ND X, RESL T)
THIS SUBROUTINE COMPUTES THE DERVIATIVE OF KAPPA MINUS
COMMON /SYSTEM/SYSBUF o§BBCLT

COMMON/BEKL/SCRK  SPS o SNSoDSTR AT pPE ;DEL ,STIGMA,BET A RES
COMMIN/BLK2/BSYCUN

COMPLEX AT ARGRESLT BSYCChoC1,C2,C2TESTAT2,AT3,ALP0O, ALP, ALN

PI12=2.0%P}
Al=P§2/(SPS-SNSI
A2=-A1

GAMO=SP S*DEL-SIGMA

BL=GAMQ/( 5P 5~ 5NS)
Cl=CEXPI-AI*ARG/2.0% { SPS~-SNS))
C2Q=GAMO/DSTR-SCRK

C3Q=GAMO/DSTR+SCRK

S1=SPS/{DSTR#% 2}

$2=SNS/DSTR

NN ={)

CSEC=C 2Q%C 3Q

IFICSEC L T-CoOINN=1

T1sGAMO& 51

T2=52%SQR T{ABS{C SEC) )

IFIC 20 oL T o0 0.ANDC3Q.LT-0.C) T2=~T2
IFINNEQ.Q)ALPQO=T1¢T2

IFINN EQ. 1JALPO=CMPLX{TL ,12)

RINDX=INDX

IF{INDX .EQ. Q} GG TC 10

C2=C 1%*BL/ALPC*CSIN{PI /AL*{ARG-BL)})/ LAl *RINDX¢+BL-ARG ) #
Li10¢(ALPO-8L)/{B1-ARG})}/(SIN{PI®BLI /A1) ) *BSYCON
GO 10 20

10 CONTINUE

C2=C1*B1/ALPO*CSINIPI /A %= {ARG-BLI}/ ({BL-ALPO)®S IN{PI®BL/AL})
1«8 SYCON

20 CONTINUE

T NUCTW I

e W AkAn — kSl e e st el A S 8 Y AR AL e emtm s ook e n e . =

C2TEST=0.C
DO 30 I=1,2CC
R=]

IF(INDX.LTYe O aAND. ABS{RINDX) -.EQ. R} GO VO 30
IFCINDX .GT. O oAND. RINDX oEQ- R) GO TO 30
GAMP =P [ 2=R +GAMO

GAMN =~P [ 2R +GAMO

C2P=2GAMP/DSTR-SCRK

C20=GAMP /DSTR+ SCRK

C2h=GAMN/DSTR-SCRK

C30=GAMN/DSTR+ SCRK

NN =0

CSEC=C2PsC2Q

IFICSEC oL To 0. QMNN=1

Tl=GAMP%S]

T2=52%3QR TLABS(C SEC) )

IF(C ZP oLT OGOOOAMD OCZQDLTD Co C» TZ ="F2

IF(NN sEQ . C}ALP=TLl+ 12

W,mbméi
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IFINN oEQo 10ALP SCMPLX{ TL o T2) ORIGAL bt 1
NN =0 -:' .l'u.'?'-.' -4
CSEC =C 2N%C 2Q OF POOR QUALITY

IFICSEC oL To G CINN=1
Tl=GAMN®S1
T2=S2*SQR TAABSIC SEC) )
IFIC2N LT oCoCoANDoC3Qol ToCoC) T2=-T2
[FINN EQ-CIALN=TL¢ T2
IFINN EQo MVALN=CMPLX (Tl T2}
AT2=(ALP-A1#R=-B1l) /(AL%R+B1-ARG)
AT3=(ALN-AZ2¢R-BL) /{A2%R¢+B1-ARG)
C2=C2%(1.00AT2)%(1.0¢AT3)
IF (CABSUIC2-C2TEST) /C2) oLT. 0.0009) GO TO 40 :
C2TEST=C2 |
30 CONTINUE
G0 YD 999%
40 CUNTINUE

RESLT=C2
RETURN

9999 CONTENUE
WRITEL IBBOULT,2C40)
CALL MESAGE(-61,0,C) : ;

2040 FORMATISS5HO%=%x USER FATAL MESSAGE - AMG MODULE -SUBROUT INE DRKAPM) %
RETURN
END
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SUGROUTINE INVERS{NDIMoA N ByMoDETERMoESENG o INDEX)

wekE® INVERSE OR LINEAR EQLAYIONS SCLYER *#es
PREERXEXREEGICAESEEHESLN AL RRK SR RIRRBRER LRV AARE SRR R Rk DRk xk

NDIM IS THE ACTUAL SIZE CF A IN CALLING PROGRAM,
EGo A{NDIM.ADIM)

A IS SQUARE MATRIX TC BE INVERTED.
N IS SIZE OF UPPER LEFT PCRTYION BEING INVERTED. MINIMUM
B IS COLUMN OF CONSTANTS {GPTIONAL INPUT). SUPPLY SPACE SINDIMy LR)
M IS THE NUMBER OF COLUMNS CF CONSTANTS
DETERM RETURNS THE VYALUE CF DETERMINANY IF NON-S INGULAR
[SING RETLRNS2 IF MATRIX A{N,N) IS SINGULAR

ol IF MATRIX AN N) IS NON-SINGULAR
INVERSE RETLRNS IN A
SYLUTION VECTORS RETURN IN B
INDEX IS WORKING STCRAGE (A3}
LR LRS-k 2P 20 R0 2 S R R R L R R b R Ry Rt

;I‘ DIMENSION A(NDIM b, BI(NDLIP,1), INDEX{N,3)

OO0 COn

EJUIVALENCE (IROWoJRCH) v (ICCLUNMJCCLUMY » (AMAXo T, SWAP)

INITIALIZE

pi-cl4 ZELCARSE S iC S
lalale]

t‘ DETERM = 1.CEQ
. DO 10 d=1,N

! 10 INDEX{J4,3) = 0
! DO L3 I=1.N

SEARCH FOR PIVOT

AMAX = 0.CEC
DU 40 Jd=1,N
IFUINDEXCJo3) <EQ. 1) GC 1C 40
D3 30 K=1,N
FF{ INDEX{K;3} - 1) 20:30,190
20 IF( ABSt A(Jok) )} oLE. AFAX) GD TO 30
oW = J
ICOLUM = K
- AMAX = ABSE A(JoK) )
30 CUNTINUE
40 CONTINUE
B INDEX( ICOLUM,3) = INDEX(ICCLULM,3) ¢ 1
.d INDEXE [,1) = IROW
' INDEX(Io2) = ICOLUM

YT R T R e TR
(9]

INTERCHANGE ROWS ¥C PLT PIVCT ELEMENT ON DI AGONAL

e X
el gl

IF (IROW .EQ. ICOLLM) GC TC 70
DETERM = —-DETERM

A{ IROWoL ) = A(ICOLLM.L)

E DU 50 L =1,M
SWAP = Af{ IROW.L)
i 50 A{ICILUM,L) = SWAP

¥ I R e R - L . X L
I+ N R N e meme
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. ORIGINAL PAGE IS
ﬂ IF(M .LE. 0) GO TO 70 OF POOR QUALITY
DO 60 L=1lM
) SWAP = B{IROWsL)
! B{IRDW,L) = BCICOLUMoL)
: 60 BOICOLUMoL) = SWAP

DIVIDE PIVCT ROW BY PIVOY ELEMERNT

[N el

70 PIVIT = A (ICOLUM, ICOLLM)
. DETERM = DEYERM # PIvCTY
[ ACICOLUM, ICOLUM) = 1,CEO
DO BO L=1.N
80 A(ICOLUM,L) = AQICOLUFoL) / PIVOT
‘ [F{M .LE. 0) GO TG 100
Nno 90 L=1,M
90 B(ILOLUMoL) = BIICCLUMsLY ¢ PIVCY

RENDUCE NOM PIYOT RChS

aFalal

13 DU 130 Ll=1oN
IF(L] .EQ. ICOLUM) GO TO 130
T = A(LLlyICOLUM)
AlL 1, ICOLLM) = (. CED
DO 119 L=1,N
110 a{tleLd = ALY L) — A(ICCLLM,L) = T
IF(M LE. C} GO TGO 13C
- U0 120 L=1,M
i 120 B(L1oL )=BILLoL) = BUICOLUMoL) * T
T 130 CONTINUE

INTERCHANGE COLUMNE

eEale'

00 150 I=1,N
L =N ¢ 1-1
IFCINDEX(Lol) .EQ. INDEX(L,2)) GO TC 150D
JROW = INDEX{L,1}
JCOLUM = INDEX(Lo2) ;
D0 143 K=14N '
SwA? = AL KoJROW)
A{Ky JRGWY = ALK, JCOLUM)
A(KoJCOLUM) = SWAP
140 CONTINUE
150 CONTINUE
DI 170 K=1,N
IF{ INDEX{Ko2) .EQ. 1) GO T1C 160
ISING = 2
GO TD 180
160 CONTINUE ,
! 170 CONTINUE i
[SING = 1
180 RETURN ;
190 ISING = 2 3
RETURN i
END : f
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| OF POOR QUALITY

SUBROUTINE MESAGE (NOo PARM NAME)
{ L 22 221

e e T

C MESAGE 1S5 LSED TO QUELE NCMN-FATAL MESSAGES DURING THE EXECUT JON
C OF A MODULE AND GIVE A CORE DUMP, PRINT THE MESSAGES, AND CALL
C PEXIT FOR FATAL MESSAGES
[ Co &t ey
INTEGER PARM NAME (2}
CALL EAIY
[ s5T10P
END
|
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