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A computer program based on state-of-the-art compressor and
structural technologies applied to bladed shrouded discs has been
developed and made operational in NASTRAN Level 16.

The problems encompassed include aé}oelastic analyses, modes

and flutter.

The program is documented in the form of five NASA Contractor's
Reports ——— one Technical Report and four Updates to NASTRAN Level

16 Theoretical, User's, Programmer's and Demonstration manuals.

This report describes the

INTRODUCTION

User's manual updates.
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USER'S MANUAL UPDATES

STRUCTURAL MODELING

1.15 STATIC AEROELASTIC AND FLUTTER MODELING OF AXIAL FLOW
TURBOMACHINES
1.15.1 Introduction

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

1. Steady state aerothermoelastic analysis of
caompressors to determine:

(a) The change in geometry between the design
point operating shape and the "as manufactured®" shave 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 roots

analysis of compressors and turbines.
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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
isolated 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 3,21, 3.22, 3.23). The rotational cyclic
symmetry (see Section 1.12) inherent in these structures about
the axis of rotation has been taken into account in designing
the capability, so that only a representative one-blade secéor
need be idealized.

The steady aerotherrmoelastic 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 NASTRi Static Analysis with Differential Stiffness

Rigid Format has been accordingly modified to include the cffect

of centrifugal, aerodynamic pressure and temperature loads.

The existing features of NASTRAN for Normal Modes
Analysis using Cyclic Svmmetry (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 in 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 1,15.2.
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Se.t .on 1.15.3 describes the steady aerothermo-

elastic "desiynsanalysis” formulations.

Section 1.15.8 presents the modal, flutter and

subcritical roots analyses,

Sawmple problems and their solutione are presented

in Sections 1.15.4 and 1.15.6.
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1.,15.2 Aerodvnamic 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 shcwn in Figure 1.

‘This arrangemert also facilitates the subsequent use of two-

dimensional, unsteady, subsonic and supersonic infiniﬁe cascade
theories (see Section of the Theoretical Manual) in the
fiutter problem., They are used in a strip-theory manner on
the various streamlines spanning the blade.

The aerodynamic loads are assumed significant only
on the blad:d 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 aeroelastic
analyses are specified on DTI bulk data cards, and are described
in Section 1.15.3.1 of the User's Manual. Blade streamline
data for flutéer 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 locaticon of the streamlines and the "computing stations" is
dictated by the expected variation of th=2 relative flow
properties across the blade span, and the complexity of the
mode shapes exhibited by this part of the structure. However,

a minimum of three streamlines (including the blade root and
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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, strair, etc. Accordingly, the g

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-axis of the BASIC coordinate system (Figure 1)is chosen
to coincide with the axis of rotation and is oriented in the
direction of the flow. The location of th ourigin is arbitrary.
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

A gav GarTEMAs S AT A Smar oL ol mida) iy e i€l

related to the bladed disc prcblems are specified on the DTI,

STREAML]1 and STREAML2 bulk data cards.
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1.15.3 Steady Aerothermoelastic "Design/Analysis"”

An operating point on a compressor map defines 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 »n 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 conditicns and

2. Given the "as manufactured" geometry, to deter-
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
nf the applied centrifugal and aerodynamic loads is used to
revise the hlade geometry each time through the differential
stiffness loop of the rigid format. Because of the non-linear
relationship between the blade geometry and the resulting
operating 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
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"design" problem. The fractions of the displacements used to
redefine the blade geometry are specified via the FXCOOR, FYCOOR
and FZCOOR parameters. The application of the aerodynamic
pressure and thermal loads is controlled respectiveiy by the
parameters APRESS and ATEMP. These parameters also enable the
inclusion of the cantrifugal loads alone.

The functional module ALG is used in the rigid format
before, within and after the differential stiffness loops (see ,
Section ) 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 é
IPRTCF. This enables observation of the variation in the

aerodynamic loads as a function of the blade geometry.

T o P

GRID, CTRIA2 and PTRIA2 bulk data cards for the

final blade shape can be punched out using the parameter PGE@M.

T AR SRR b 2 R 20 - kT L AR o o
e g e L

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, thetotal 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 analyses.

The subsections 1.15,3.1 and 1.15.3.2 describe

the aerodynamic Direct Table Input and the output data for

the steady state analyses.




1.15.3.1 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 then a data-set for each entry to
each section. The data that are required for the interfacing
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 aero-
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 1is 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, LOGS5
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 Manual on page 2.4-10S5.
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 fcllowing input cards
corresponds 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 begin with
the letters I,J,K,L,M, and N are to be input as integers while
all others are input as real numbers. Titles are input as
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.
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continued,corresponds to one logical record of a DTI

card.

(cont.)

(cont.)

In the following chart, one line, which may be

TITLEl

NANAL NAERO

The following data-set is input to the analytic

meanline section, and will occur NANAL times.

The last record in this set is indicated with an

asterisk.

TITLE2

NLINES NSTNS NZ NSPEC NPOINT NBLADE ISTAK

IPUNCH ISECN IFCORD IFPLOT IPRINT ISPLIT INAST

IRLE IRTE NSIGN

ZINNER ZOUTER SCALE STACKX PLTSZE

KPTS IFANGS

XSTA RSTA - Occurs KPTS times

R BLAFOR - Occurs NLINES times

ZR Bl B2 PP QQ RLE

TC TE 2 CORD DELX DELY

S BS - Only if ISECN = 1 or 3

-10-
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Occurs
NSTNS
Times

Occurs
NSPEC
Times
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(cont.)

(cont.)

(cont.)

(cont.)

NRAD NDFTS NDATR NSWITC NLE NTE
XKSHPE SPEED

NOUT1 NOUT2 NOUT3 - Refers to leading
edge station

NR NTERP NMACH NLOSS NL1 Occurs This group
for each is used to
NL2 NEVAL NCURVE NLITER NDEL station generate
within LOGS data
NOUT1 NOUT2 NOUT3 NBLAD blade or for the
at trailing aerodynamic
R XLOSS - Occurs NR times __Jedge section
RTE Occurs
NRAD
DM DVFRAC] -Occurs NDPTS times | ti™Me®

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

XSCALE PSCALL RLOW PLOW XMMAX RCONST

CONTR CONMX

FLOW SPDFAC

NSPEC Occurs
‘NSTNS
XSTN RSTN - Occurs NSPEC times Times
-11-
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NDATA NTERP NDIMEN NMACH Inlet
condition
DATAC DATAl DATA2 DATA3 - Occurs specification
NDATA times
| ]
}
| (LOGS) NDATA NTERP NDIMEN NMACH NWORK
y (cont.) NLOSE NL1 NL2 NEVAL NCURVE NLITER
i‘ (cont.) NDEL NOUT1 NOUT2 NOUT3 NBLADE For
sta-
(LOGS) SPEED-If NDATA >0 tions
— 2
| (LOGS) DATAC DATAl DATA2 DATA3 DATA4 occurs :g;:s
» NDATA g
i (cont.) DATAS times ;
| (LOGS) DATA6 DATA7 DATAS DATA9
| -
DELC DELTA - Occurs NDEL times |
; WBLOCK BBLOCK RDIST =-Occurs NSTNS times
]
D —
r NDIF Occurs
| NSET1
DIFF FDHUB FDMID FDTIP -Occurs NDIFF times
NM NRAD —]Occurs
] TERAD Occurs NSET?2
NRAD T R
| DM WFRAC -Occurs NM times times imes
DELF (1) DELF(2)....DELF (NSTRMS) - if NSPLIT =1
y or NREAD =1
L
- ok R X YL II JJ - Occurs NSTRMS times for NSTNS stations
if NREAD = 1
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Data ltem Defintiorn~;

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 commonly 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, togehter 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 onc

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

below for defintions.

a. Initial Directives
TITLE]l Thic 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).
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TITLE2

NLINES

NSTNS

N2

NSPEC

NPOINT

NBLADE

ISTAK

YoM S e e SR

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 -onstant-z planes on which
manufacturing (Cartesian) coordinates

for the blade are required. Must satisfy
3= N2 =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 lesu 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.

-14-
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1PUNCH
ISECN

IFCORD

IFPLOT

IPRINT

T SR NS .

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 erc ¢ . ar line
and the double-circular-arc thickness
distribution will be used. ;
If ISECN = 3, the multiple-circular-arc
meanline and tiic standard thickness

distribution will be used.

If IFCORD = 0, the ﬁeridional projecticn

of the stream surface blade section chords

are specified.

If IFCORD = 1, the stream surface blade

section chords are specified.

Set IFPLOT = 0 :
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 IPRIMNMT = 2, details of manufacturing
sections are printed.

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

Set ISPLIT = 0

Set INAST = O, See the Output Data
description (Section ) "or 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 compresgssor rotors, if the

machine rotates clockwise when viewed
from the front, set NSIGN to 1l; other-

wise, set NSIGN to -1. For compressor

stators, the two values given for NSIGN

arc reversed.

-16~
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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 saine
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 ¥PTS = 2, the computing station 1is
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 parti~ular

computing station.

-17-~
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RSTA

BLAFOR

ZR

Bl
B2

PP

An array of 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. ZR must increase
monotonically, there being NSPEC values

in all.

The blade inlet angle.

The blade outlet angle,

I1f ISECN = 0, PP is the ratio of the second
derivative of the camber line at the leading
edge to its maximum value. Must satisfy
-2.0<PP< 1.0.

If ISECN = 1, PP is the r~tio 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.

-18~
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If ISECN = 2 or 3, PP is superfluous. ,
* QQ 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
0.0sQ0Q =<1.0.

L If ISECN = 1, QQ is the ratio of the second %
| derivative of the camber line at the trailing |
edge to its maximum value rearward of the
inflection point. Must satisfy 0.0<QQ.<1.0.

If ISECN = 2 or 3, QQ is superfluous.

‘ 5 RLE The ratio of blade leading edge radius to
: chord.

f ‘ TC The ratio of blade maximum thickness to

; l chord.

‘ : TE The ratio of blade trailing edge half-

thickness to chord. :

x
I
I If ISECN = 2, TE is superfluous.

z 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 = 3, CORD is the meridional

projection of the blade chord.

If IFCORD = 1, CORD is the blade chord.

DELX, The stacking axis passes through the stream
DELY

surface blade sections, offset from the

centroids, leading,or trailing edge by DELX

~-19-
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and DELY in the x and y directions

respectively,

: S, BS If ISECN = 1 or 3, S and BS are used to
specify the locations of the inflection

: point (as a fraction of the meridionally-
projected chord length) ard the change in
camber angle from the leading edge to the
inflection point. If the absolute value
of the angle at the inflection point is
larger than the absolute value of Bl,

BS should have the same sign as Bl,

otherwise, Bl and BS should be of opposite
signs .

NRAD The number of radii at which a distribution of the
fraction of trailing cdge deviation is input. Must
satisfy 1 s NRAD < 5,

NDPTS The number of points used to define each deviation curve.
Must satisfy | < NDPTS s 11.

NDATR The number of radii at which an additional deviation angle
increnm.ent and the point of maximum camber are
specified. Must satisfy 1 < NDATR < 21.

NSWITC If NSWITC = 1, thc deviation correlation parameter '"m"
for the NACA (Ano) meanline is used,

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

NLE Station number at leading edge.
NTE Station number at trailing edge.
i XKSHPE The blade shape correction factor in the deviation rule. i
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SPEED Seec definition for Aerodynamic Section.

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

| NTERP
g NMA CH
A NLOSS
- NL1

i' NL2
NEVAL
NCURVE
NLITER
NDEL
NOUT! f
NOUT2 f
NOUT3
NBLAD

— See definition for Aerodynamic Section.

R Radius at which loss is specified.

- T

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

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

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

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

A

monotonically, ;
DVFRAC Fraction of trailing -edge deviation that occurs at location

DM.
RDTE Radius at trailing cdge where additional deviation and :

point of maximum camber are specified.

-21-
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DELTAD

AC

c.
TITLE3

cp

GASR

EJ
NSTNS
NSTRMS

NMAX

NFORCE

NBL

Additional deviation 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 value 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 of computing stations., Must satisfy 3 < NSTNS
s 30.

Number of streamlines. Must satisfy 3 € NSTRMS « 21,
An input valuc 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 first 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 stationl. VISK and
SHAPE arec uscd in the calculation,
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[ERr

NCASE

NSPLIT

NSETI

NSET2

NREAD

NPUNCH
NPLOT

NPAGE

NTRANS

Set NCASE = ],

If NSPLIT = 0, the flow distribution betwcen the stream-
lines will be determincd 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, NSET] sets of data are input, the set numbers 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 valuc at the trailing cdge.
Then, NSET2 scts of curves are input to define this
fraction at a function of radius and mieridional 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 estiunate 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 Section

V.11, Ref. .
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NMIX

NMANY

NSTPLT

NEQN

e

If NMIX = 0, no action is taken.

If NMIX = 1, entropy, angular momentum,
and total ernthalpy distributions will

be modified to account for turbulent
mixing. See Section V.12, Ref. .

The number of computing stations for
which blade descriptive data is being
generated by the analytic meanline
section.

If NSTPLT = 0, no action is taken.

If NSTPLT = 1, a line-printer plot of the
changes made to the midstreamline 'f'
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

L B sk 3

last 59 passes. The graph should decay approxi-

mately exponentially towards zero, indicating

AN ek

that the streamline locations are stabilizing.
Decaying oscillations are equally acceptable, i
but, growing oscillations show the need for

heavier damping in the streamline relocation

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

form of momentum equation that will be used
to compute the meridional velocity distri- ;

butions at each computing station. There are
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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. .

If NEQN = 0, the momentum equation involves
the differential form of the continuity
equations and hence (I-M; ) 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 t..e 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 blade rows.

If NEQN = 1, the momentum equation form is
similar to that used whe:ii NEQN = 0, 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 NEQN = 2, the momentum equation includes

an explicit dvm/dm term instead of the (l-M; )

-25-
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NLE
NTE
NSIGN

NWHICH

SCLFAC

TOLNCE

denominator terms. All streamwise

gradients (including blade force terms)

are computad as fcor the case NEQN = 0,

Wher computing stations are located within

the blade rows, the results wili yenerally

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

If NEQN = 3, the momentum equation is similar
to that used when NEQN = 1, but (as for the
case NEQN = 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 NEQN = 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 value of zero will be reset to

12.0.

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

reset to 0.001. (See discussion of

tolerance scheme in Section VI, Ref. . )
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VISK

SHAPE

XSCALE |
PSCALE
RLOW

PLOW

v

XMMAX

RCONST

CONTR

CONMX

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 facter for annulus wall boundary
layer calculations. An input value of

zero will be reset to 0.7,

Set each equal to 0.0.

The square of the Mach number that appears

in the equation for the streamline relocation
relaxation factor is limited to be not grcater
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.

The constant in the equation for the strcamline relocation
relaxatios factor. The value of 8.0 that the analysis yields
is often too high for stability. If zero is input, it is reset

to 6.0,

The constant in the blade wake radial transfer calculations.

The eddy viscosity for the turbulent mixing calculations,

Units: L2/SCLFAC?/T.
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FLOW

SPDFAC

NSPEC

XSTN, RSTN

NDATA

NTERP

NDIMEN

NMACH

DATAC

Compressor flow 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 puints usced to define a comiputing station,
Must satisfy 2 £ NSPEC s 21, and also the sum of NSPEC
for all stations < 150, If 2 points are used, the station is
a straight linc. Otherwise, a spline-curve is fittec
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 computing station. Must satisfy 0 s NDATA <21, and
also the sun of NDATA for all stations < 100.

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

If NTERP = | (or NDATA < 2), interpolation is lincar
point-to-point,

If NDIMEN = 0, the data arc inpnt as a function of radius.

If NDIMEN = 1, the data are input as a function of radius
normalized with respcct 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 normalized 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 continuity
equation is sought. This should only be used at stations
v.here 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 n.onotonically., For dimensional cases, units are

L.
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T -

DATA2

¥
&
+

At Station 1 and if NWORK = 1, DATAl is

total pressure, Units: F/L/L.

If NWORK = 0 and “he station is at a blade
leading edge, by setting NDATA ¥ 0, the blaae
leading edge may be described. Then DATALl is
the blade angle measured in the cylindrical
plJane. 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.

I[f NWORK = 3, DATAI is angular momentum (radius times
absolute whirl velocity). Units: LL/SCLFAC/T.

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

If NWORK = 5, DATAL is blade angle measured in the
strean.surface 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 1nput, it becomes, after
correction for streamsurface orientation and station lean
angle, the relative flow angle, Units: A,

If NWORK = 7, DATAI is the reference relative outlet
flow angle mzasured in the strean.surface plane. Generally
negative for a rotor, positive for a stator, Units: A.

At Station 1, DATA2 is total temiperature. Units: D,

If NLOSS =1, DATA2 is the relative total pressure loss
coefficient. The relative total pressure loss is n.easured
from the station that is NL1 stations removed from the
current station, NL1 being negative to indicate an

upstream station. The relative dynamic head is determined
NL2 stations removed from the current station, positive

for a downstream station, negative for an upstream station,
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DATA3

DATA4

DATAS

DATA6

DATA?

DATAS

If NLOSS = 2, DATA2 is the isentropic efficiency of
compression relative to conditions NL1 stations removed,
NL1 being negative to indicate an upstrecan. station.

If NLOSS = 3, DATA2 is the entropy rise relative to the
value NL1 stations removed, NLI| being negative 0
indicate an upstream station. Units: H/F/D.

1f NLOSS = 4, DATAZ is not used, but a relative total
pressure loss coefficient is determined from the irailing
edge value and curve set number NCURVE of the NSETZ
families of curves, NLI1 and NL2 apply as for NLOSS = 1.

If NWORK =7, DATA 2 is the reference (minimun)
relative total pressurc loss coefficient. NL1 and NL2

apply as for NLOSS = 1,

The blade lean dv.gle 1neasured trom the project:on of a
radial line in the planc of the computing station, positive
when the innermost portion of the ..de precedes the
outermost in the direction of rotor rotation. Umits: A,

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

Cascade solidity. When a number of stations are used to
describe the flow through a blade, values are only required
at the trailing edge. (They are used in thc loss coefficient
re-estinatio: procedure, and to evaluate diffusion tactors

for the output.)

If NWORK = 50r 6, DATAG6 is the deviation_angle
measurced in the streamsurface plane, Generally x'ucgative
{or a rotor, positive for a stator. Units; A,

If NWORK = 7, DATAS is reference relative inlet angle,
to which the minimum loss coefficient (DATAZ2) 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, DATAT7 is the rate of change of relative
outlet angle with relative inlet angle.

I{f NWORK = 7, DATAS is the relative inlet angle larger
than the reference value at which the loss coefficient attains
twice its reference value. Measurcd in the strean.surface
plane. Units: A,
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DATAY9

NWORK

NLOSS

If NWORK = 7, DATAQ9 is the relative inlet angle smaller
than the reference value at which the loss coefficient attains
twice its reference value. Measured in the strcamsurface
plane. Units: A,

If NWORK = 0, constant entropy, angular momentum, and
total enthalpy exist along streamlines 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 distribu‘ion at the com-
puting station is specified., 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 specitied 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',
"stalling', and "choking' reclative 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. ''Refcrence
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 NLOSS = 2, the iscntropic efficicncy (for compression)
distribution is specified.

If NLOSS - 3, the entropy rise distribution is specified.
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NL1

NL2

NEVAL

NCURVE

If NLOSS = 4, the total pressure loss coefficient distribution
is specificd by use of curve-set NCURVE of the NSET2
families of curves giving the fraction of final (trailing

edge) loss coefficicnt,

The station from: which the loss(in whatever form NLOSS
specifies) is measured, is NL1 stations removed from the
station being evaluated. NLI is negative to indicate an
upstream station,

When a relative total pressure loss coefficient is used to
specify losses, the 1e¢lative dynamic head is taken NL2
stations removed from the station being evaluated, NL2
may be positive, zero, or negative; a positive val .¢e
indicates a downstream station, a negative value indicates
an upstrcam station.

1f NEVAL = 0, no action is taken.

If NEVAL >0, curve-sct number NEVAL of the NSETI
families of curve giving diffusion loss parameter as a
function of diffusion factor will be uscd to re-estimate
the relative tota' pressure loss coefficient. NLOSS must
be 1, and NL1 and NL2 must specify the leading edgc of
the blade. See also NDEL,

If NEVAL 0, curve-set number NEVAL 1is 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 overa’l 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
NOUT2

NOUT3

[ S

i 425

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 proceduvre. Less than
NLITER re-estimations will be made if the
velocity profile is unchanged by re-estimat-
ing the loss coefficients. (See discussion
of tolerance scheme in Section VI, Ref )
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.

0

Set NOUT1

0

"

Set NOUT2

Thic data item ccntrols the generation of
NASTRAN - compatible temperature and
pressure difference output for use in
subsequent blade stress analyses. For
details of the triangular mesh that is
used, see the Output Description in

Scction .
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; NOUT3 = XY, where

If X = 1, the station is at a blade

g i leading edge.

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

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

If Y = 1, then only pressure data will

|
f be generated.
} If Y = 2, than 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

b R PARIe e f e £

e ol

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 avecraging" 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 <)

SR L e e i

If NBLADE is input as zero, 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

;g -34-
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SPEED

DELC

DELTA

WBLOCK

i il o, il N, mbisd

upstrean 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.

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 product SPDFAC times SPEED has units of
revolutions/ (T x 60).

The coordinate at which Prandtl-Meyer
expansion 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.

The Prandtl-Meyer expansion angles. A positive value
implies expansion. If blade angles are given at the lcading
edge, the incidence angles are added to the value specified
by DELTA., Units: A. (Blade angles are measured in

the cylindrical plane.)

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 5
Station 1) are revised during computation, involving data
items VISK and SHAPE.

b i e
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BBLOCK, A blockage factor is incorporated into the continuity

BDIST equation that may be uscd to account for blade wakes or
other cffccts, It varies linearly with distance alonyg the
coriputing station. PBLOCK is the value at mid-station

o (expressed as the fraction of the periphery blocked), and

; g BDIST is the ratio of the value on the hub to the mid-

| ‘ value,

\ NDIFF When NSETI> 0, there are NDIFF points defining loss
| diffusion parameter as a function of diffusion factor.
Must satisfy 1| < NDIFF < 15,

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

|

. FDHUB Diffusion loss parameter at 10 per cent of the radial blade

" height.

| FDMID Diffusion loss parameter at 50 per cent of the radial blade

| height, 3
FDTIP Diffusion loss parameter at 90 per cent of the radial blade

s height.

I

'i NM When NSET2> 0, there are NM points defining the fraction

of trailing cdge loss coefficient as a function of meridional
chord. Must satisfy 1 s NM s 11,

NRAD The number of radial locations where NM loss fracticn/
chord points are given. Must satisfy 1 < NRAD < 5.

TERAD The fracticn of radial blade height at the

trailing edge where the following loss fraction/
chord curve applies. If NRAD = 1, it has no

significance. :

‘»
r
3
;
»

DM 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.

WFRAC Fraction of trailing edge loss coefficient

that occurs at location DM,

T
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DELF

XL

11,

JJ

The fraction of the total flow that is to
occur between the hub and each streamline.
The hub and casing are included, so that
the first value must be 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 coordinate at intersection
of streamline with computing station.
Units: L.

Estimated distance along computing station
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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1.15.3.2 AERODYNAMIC OUTPUT DATA

1. ANALYTIC MEANLINE SECTION

Printed output may be considered to consist of four sections; a print-
out of the input data, details of the blade sections on each streamsurtace, a
listing of quantities requir.d for aerodynamic analysis, and detajls 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 strcamsurface blade sections are printed if I[IPRINT =
0 or 1. Listed first are the parameters defining the blade section. These
are interpolated at the streamsurface from the tables read in. Then follew
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 lcading edge. The following quantities are given: blade chord;
stagger angle; camber angle; section area; location of the centruid of the
section; second moments of area of the section about the centroid; orienta-
tion of the principal axes; and the principal second mornents 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 normmalized section follows. The scales for
the plot are arranged so that the section just {ills the page, so that the
scales will generally differ from one plot to another, "Dimensional' details
of the blade section are given next. The nornialized data given previously is
scaled to give a blade section as defined by IFCORD and CORD, For this
section of the output, the coordinates «re with respect to the blade stacking
axis, The following quantities are giv/'n: 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 mmoments
of area of the section about the centroid. The coordinates of NPOINT points
on the blade surfaces are then listed, followed by the coordinates of 31
points distributed at (roughly) six degrece intervals around the leading (and
trailing) edges. Finally, the coordinates of the blade surfaces and points
around the leading (and trailing) ed, e(s) is (are) shown in Cartesian form,
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The quantitics requirced for aerodynamic analysis are printed at all
computing stations specificd by the IFANGS parameter. The radius, blade
scction angle, blade lecan angle, blade blockage, and relative angular
location of the camber linc are printed at each streamsurface intersection
with the particular computing station. The blade scction angle is measured
in the cylindrical plane, and the blade lean angle is measured in the constant-
axial-coordinate plane.

Details of the n,anufacturing sections are printed if [PRINT = 0 or 2.
At each value of z specified by ZINNER, ZOUTER, and NZ, scction
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 mon.ents 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 points 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 used 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 PTRIA2. The data are fully described
in Reference 7, but briefly, the GRID cards each define a gria
point number and give the coordinates at the grid point, the
CTRIA2 cards each define an element in terms of the three
appropriate grid points (by number, and in a significant order),
the PTRIA2 cards each give an average blade thickness for an

element.
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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 resuits
for each running point follow, The output is generally self-explanatory and
definitions are given here for some derived quantities. Tabular output is
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
Any diagnostics generated during the

giving the running point number,
(Diagnostics are described

calculation will appear first under the heading.
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 strean:.line with the station (L), and the station lean angle
(GAMA). Where the radius of curvature of a strcamline is shown as zero,
the streamline has no curvature. The whirl angle is defined by

Tano( = yv—o (1)
m

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 statici. 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 nornm.alizing
relative dynamic head is taken; otherwise, it is taken at the station defined
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;

Vlr Vo\r V9zr
b - '" V: + 2.0~ Vo,,

(2)

Inlet conditions (subscript 1) are taken from the station
defined bv 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
calculation is unconverged, the number of mesh_paints where the meridional
velocity component has not remained constant to within the specified
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tolerance (TOLNCE) on the last two passes is shown as IVFAIL,
Similarily, the number of streamtubes, defined by the hup 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

e

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 too 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 varicoble NOUT3), a
self-explanatory printout is also made. The blade element
nunbering scheme is the same as that incorporated into both

blading sections of the program, and illustrated in Figure 1.
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If the loss coefficient re-estin.ation routine has been uscd for
any bladerow(s) (NEVAL # 0), a printout swunmarizing the computations
made will follow, A heading indicating whether the re-esfimation was
incorporated into the overall iterative procedure or whether it was merely
immade "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 Output

The various diagnostic niessages that may be produced by the
acrodynan.ic section of the program are all shown., Where a coniputed value
will occur, "x" is shown here,

JOB STOPPED - TOO MUCH INPUT DATA

The above niessage will occur if the sun, 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 UD0311) calculates static
enthalpy at ecach n.eshpoint when computing the various output parameters and
this message will occur if a value below the linit (HMIN) occurs. The limiting
value w:ill be used, and the results printed become correspondingly arbitrary.
HMIN is set in the Program UDO3AR and should be maintained at some
positive value well below any value that wiil 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 nunber 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 STATIONxxx [ITERATIONxxx STREAMLINExxx
MERIDIONAL VELOCITY UNCONVERGED VM = xx, xxxxxxExx
VM(OLD) = xx. xxxxxxExx
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For "analysis' cases, that is at stations where relative flow
angle is specified, the calculatiun of meridiocnal velocity proceeds
iteratively at each meshpoint from the n.id-streaniline to the case and then
to the hub, The variable LPMAX (set to 10 in Subroutines UD0308 and
UDO0326) limits the maximum number of iterations that may be made at a
streamline without the velucity 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 1s
greater than NFORCE. Convergence is here defined as occurring when the
velocity repeats to within TOLNCE/5.0, applied nondimensionally, No
other prograwu action occurs,

PASSxxx STATIONxxx MOMENTUM AND/OR CONTINUITY
UNCONVERGED W/W SPEC = xx.xxxxx VM/VM (OLD) HUB =
XX, XXXXXMID-xx, xxxxx TIP = xx, XXXXxx

If,following completion of all ITMAX iteraticns permitted
for the flow rate o1 meridional velocity, the simultaneous solution of the
momentumn and continuity equations profile is unconverged, and the pass
number is greater than NFORCE, the above message occurs. Here con-
verged mcans that the flow rate equals the specified value, and the
meridional velocity repeats, to within TOLNCE/5.0, applied nondiniension-
ally., If loss coefficient re-estimation is specified (NEVAL > 0), an
additional iteration is involved, and the tolerance is halved. No further
program action occurs,

PASSxxx STATIONxxx VM PROFILE NOT CONVERGED WITH
LOSS RECALC VM NEW/VM PREV HUB = xx. xxxxxx MID =
xxX, XxxxxxX CASE = xx, XxXXXXX

When loss re-estimation is specified (NEVAL=> 0), up to
NLITER solutions to the momentum and continuity equations are complcted,
each with & revised loss coefficient variation. If, when the pass number is
greater than NFORCE, the velocity profile is not converged after the
NLITER cycles of calculation bave been performed, the above message is
issued, For convergence, the nieridional velocities must repeat to within
TOLNTE/5.0, applied nondimensionally, No further progran. 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 coefficient re-estimation routine, which are coinputed from the
final velocities, etc,
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PASSxxx STATIONxxx ITERATIONxxx STREAMTUBExxx STATIC
ENTHALPY BELOW LIMIT IN MOMENTUM EQUATION AT
xxX, XXXxXEx»x

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

PASSxxx STATIONxxx ITERATICNxxx STREAMTUBExxx LOOPx:x
STATIC H IN 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., xxxxxExx

When Subroutine UD0308 is selected (NEQN = 0 or 1), the
meridional Mach nurber is calculated during computation of the design
momentun: equation, and a maximwmn value of 0. 99 is permitted. If a
higher value is calculated, the limiting value is inserted. If this occurs
when IPASS > NFORCE, the above miessage 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, xxxxxExxx

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

PASSxxx STATIONxxx ITERATICNxxx STREAMTUBExxx
MCMINTUM EQUATION EXPONENT ABOVE LIMIT AT xxx. xxxxxExxx

An exponentiation is performed during the computation of the
design case momentum equation, and the maximum value of the exponent is
liiited to 88.0. If this substitution is required when IPASS > NFORCE,
the above message is printed. If it occurs on the final iteration, the calcu-
lation is deen.ed to have failed, calculation ceases, and results are printed

through to this station.
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PASSxxx STATIONxxx ITERATIONSxxx STREAMLINExxx
(MERIDIONAL VELOCITY) SQUARED BELOW LIMIT AT
AXX, XXXXXEXXxX.

If a meridional velocity, squarecd, of less than 1.0 is calcu-
lated during computation of the design-case momentumn equation, this limit
is imposed. If this occurs when IPASSSNFORCE, the above message s
printed. If this occurs on the final iteration, the calculation is deen:.ed to
have failed, calculation ceases, and results are printed out through to this

station,

PASSxxx STATIONxxx ITERATIONxxx STREAMLINExxx LOOPxxx
(MERIDIONAL VELOCITY) SQUARED BELOW LIMIT AT
XXX, XXxxxx[xxx.

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

PASSxxx STATIONxxx [ITERATIONxXxxx STREAMTUBE XXX
STATIC ENTHALPY BELOW LIMIT IN CONTINUITY EQUATIUN

AT xxx, xxxxxExxx,

The static enthalpy is calculated during computation of the
continuity cquation. If a value lower than HMIN (sce discussion of second
diagnostic message) is produced, the limiting value is bmposed, If this
occurs when IPASSSNFORCE, the bove message is printed. If this
occurs on the final iteration, the calculation is decimed to have failed,
calculation crases, and results are printed out through to this station.

PASSxxx STATIONxx [ITERATIONxxx STREAMLINExxx
MERIDIONAL VELOCITY BELOW LIMIT IN CONTINUITY AT
XXM, ANXxNyEXxxx,

If a meridional velocity of less than 1.0 is calculated when the
velocity profile 1s incremented by the anvount estimated to be required to
satisfy continuity, this limit is imposed. If 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 through to this station,

PASSxxx STATIONxxx ITERATIONxxx CTHER CONTINUITY
EQUATION BRANCH REQUIRED

If when IPASS>NEFORCE, a velocity profile is produced that
corresponds to a subsonic solution to the continuity cquation when a super-
sonic solution is required, or vice versa, the above message s printed, [f
this occurs on the final iteration, feilure is deemed to have occurred, 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 IPASSSNFORCE, 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, In the event that this limit interferes with a valid
velocity profile, the constants that appear on cards $08%.272, $08%.279,
$26% 229, and $26%$. 236 may be modified accordingly. Note that as the
calculation is at this point working with the square of the meridional
velocity, the constant for a limit of 2.0 tin.es the mid-stream.line value,
for instance, appears as 4.0,

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

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
$08S. 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 lin.it of, for instance,
3.0 times the mid-streamline value appecars as 9, 0.

PASSxxx STATIONxxx STREAMLINExxx LIMITING MERIDIONAL
VELOCITY SQUARED = xxxxxExx,

In the Subroutine UD0308 (NEQN= 0 or 1), a maximum
permissable meridional velocity (equal to the speed of sound) is established
for each streamline at the beginning of each pass. The calculation 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 meridional
velocity of 2500.0). If thistoccurs when IPASS>NFORCE, the above message
is printed, and the calculation is deemed to have failed. Calculation ceases
after the station computations are made, and results are printed through
to this station,
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PASSxxx STATIONxxx ITERATIONxxx STREAMLINExxx
MERIDIONAL VELOCITY ABOVE SOUND SPEED VM =
XXXX, XX A = XXXX. XX,

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

MIXING CALCULATION FAILURE NO. n

The above message occurs when flow mixing 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 ior
the mixing interval in which the fa''ure 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 is
determined in each streamtubhe (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 n.ixing step upstrean:
boundary is determined from the total enthalpy, static enthalpy,
and tangential velocity distributions. This failure indicates
that a value less than VMIN was determined.

n=>5 In solving for the static pressure distribution at the downstrcam
boundary of cach mixing step, the average static enthalpy is
determined in each strcamtube (defined by an adjacent pair
of streamlines). This failurc indicates that a value less than
HMIN was dctermined,
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n=6 Calculation of the static pressurc distribution at the down-
stream boundary of the mixing step is iterative. This failure
indicates that the proccdurc was not converged after 10
iterations,

n=17 The static enthalpy distribution at the mixing step downstream
boundary is found from: the total enthalpy, axial velocity, and
tangential velocity distributions., 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 the NASTRAN stress program. For the purposes of
stress analysis, the blade is taken to be composed of a number of
triangular elements. Two such elements are formed by the quadrilateral
defined by two adjacent streamlines and two 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

o w d (Vo
T

and as follows. At the blade leading edge a forward difference is
used to determine the meridionnl gradients. At thec 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) fcr a particular
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blade axial segment, then three-point averaging is uscd. 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 output 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.
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USER'S MANUAL UPDATES

1.15.4 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 Section
1.15,3 the Design and Analysis steps are carried out only 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 PARAMETEK 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 in 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 1ie on the blade. Two
additional computing stations have been used for the aerodynamic
section (see Section 1,15.,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 in Figure 3,
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Figure 1, Finite Element Model of an Axial Flow Compressor
Bladed Disc Sector, and the Basic Coordinate System

Computing Stations

" T 3 4 5 6 \7 (Aerodynamic Section)
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Figure 2. Aerodynamic Grid (See Section 1,15,3, User's Manual)

-2-

B et

M




S}Snicuy/UBLS3Q D13SP(A0WIAYI0LAY J}IBIS 405 AI3P KYYLSVYN

3%vy 9L/T /% NVMLASYN 5151 *1

OHJ3

AN

¢ dundL4

330 T0 ¥ L NDD 3 ALLEINDY 221

Jqn3d

»1 9v13

01 3amls

st 13
1NIR3IDVIGSIT cd?
SImn3Y ¢ vSIN cl

P T

NTEBELS TN ;



| 8 ST e R e e R SRR M w IS Looy
: v =

TR TR

*%333 $33¥J-3¥ 1IN 140$X°Q31W0S 10N YLIVO %XINY 4202 39vSSam NIIAVaNIINI ¥3SY »

%nING NID3S 1y
WeVY g NIOIWD 1 43S 0 NJILvwWBU430 214%1S 1076 0y
T 439 *S NIOLlwD *37%DS Cwld 6t
C°C*0°0°0°C M31A st
Aatyz S3xW LE
. 338V *H NIOIN¥O ‘1 13§ ‘0 NJO1ivAadD430 D1liVLS LU 9t
T L3S *% NIYIEO *35190S UNid St
) D°0*LY*t2 %L MIIA (21
LPA%X S4A¥ e
. 728%T ‘€ NISleC *1 135 1907¢ 2c
1 L3S *¢ MNISIBD *3v3S Ghld 1c
Atx*{ S3xv ot
q3evY 2 NI91B0 ‘T 123 10 Y4
T 129 *2 NISIed *2193S UNld T4
A7 A SISy L2
T38¥Y ¢1 NILlel *1 138 131e LF4 _
T 43S *1 MIYioO *31¢3S5 Utl4 3l
C*C*0°C*o°C m31lA L T4
(L X Saxyw (%4
S0 NDILIAd0=23U WimmiXxve ¢l
NOILO3FCad JIHaTYLUMLLD 12
Mv = 1 §:z$ 0¢
S°1l x C*°21 2715 ddauv 51
10 Y3TLW *174LSvN BZ1idd 81 '
”. . (1074) 1"eiNu L1 <
V : g 1%=33e24dY 91 !
. 30vI3 ¥Ii0Y 40 NIILNTI2S E¥INIINLN = 56V cl
¢ 3Sva=hy 51
3Jv8 ¥C1i0U¥W 43 NIILINIDS »v73L17Y = V36%) £l
. 1 35v 28N> et
IIv = 3Tcl4 11
177 = s53eis (o §
IV = gvLC 5 k
Ay = 4Da$S g
1Y = a>3i0 L !
1 = yvl 9
209 = Jdn S |
0LS = Joo L
. 30%Ye 40 NO1S3U = 134V i :
33v713 Y0109 43 NI1S33 3971S5-37901S 3Wda¥X3 = 37V1fiuhs 4 i
SISAGTUNY NSICQ G3QNUUHS U3CY¥IL *Sim2l vSIN = 211 1
ANNJD
Jv?d

oM D2 X J 33 TUW¥WiLINDD 35 v )

30978 40 NOISaAJ

l
3076 eUiZ¥ sU NSCISIS 2991S-~3T1UN1S 31daTx3 :
moqc onxu «o z«a»quo.od.d ><x v_w>4«r<wic:u.::ezmrhr<da.waxhaqur ,

iy G
By ey Fn i mRe s o v, e s



AR S\

s o b M TR

ONn D3 vivid » 1N b 31808

P I3¥IN? 1 4 P21 -75 A ¥ (I { i —
i J390N3 0° ‘o1 12 0LV i11C -4
. . 3893 0° LA ] (o 4 ¥J9v 1:t¢ -9%
233083 o° $°S ot 63415 110 -Gy
: 23u0N3 0° 8°z 81  wGLly 110 -ty
: . 2343%3 9°01  92%°- LT sGLIv Iic -ty
: ) 230043 9L 829°- 91  wUVV 116 4
, 23390%3 $°S €ESL°~ sl QuIy 113G =19
J3s0%3 f°€ 988°- o1 3V T 1Ly -Gy
I3EINI 1 » €t WAL 1i0 -8¢
7340N3 0° scC°Cl 4 wCuIv 110 -5 2] “
. 33 :5Nh3 0° XN} 11 4391% 1iG -1 Em i
J380UN3 o €°s ot 43yl lig 13 oy =3
J3uw3Ng c* 9°z s ¥3uly§ 113 -5¢ Aumm
238383 %0°01 0°2~ 8 wuvv 116 -%E =
2343N3 05°¢ 0°2- L 3979 1ig -{E - I
234383 0 4 ?  uGYlv 11G -2 4=
J330N3  0°11 0° 0°t  0°01 %8e°y N EA U ity -1¢ Zx
)3¥ON3 1 4 2 2990\ -5€ Pole
29973 0 0 € 0 1 2 t 2 189133 -6¢ i f |
1993 € o€ ] 3 S 9 » 809V 110 -62 -~ |
J340N3 NJI ¥33N33 QloY € C1AA T 110 -2 |
: 93v0N3 0 0 1 1 2 bdYv liv -32
g J340N3 NV3 TTINIAI33dX3 SIN3T VSVN 1 euoly 110 -62
ﬁ 23e(N3  1e9Ivy -52
: 1097v3 0 0 0 0 0 ¢ t 09Iy Iiu -€2
n - 2t S 8 6202 21 29icl)d -22
! 1 21 8 s2Cc 11 2visi) -12 .
_ 11 8 L 0202 0t 2violiD -C2 ¢
o1 11 L 020< 6 c7ir1) -5t w
6 9 P 4 s1ee 8 Zvi:)d -1
. . 8 6 S 102 L e3iva) -1
: . 8 S ) cice 3 vleld -31
: .o L 8 5 c1ce S <¢vieid -s1
9 € F4 $CC¢ % cvissd -91
) S 9 rd scee € Tvizid -i1
S 4 1 cooe ? evlel)d -21 :
5 S 1 GOCt 1 2viel)d -11 ]
1 “c °C 1537 -0
1323 0°0 0°0 0°1 ¢°0 c*0 c°0 1 23GeCD -5 :
Lol €01 9HIY -8 w
9HI3 5CY 801 Lz /621 821 821 1 402 l1vazH) -t §
801 %0 £nd3 -9 i
€HI3 €01 101 821 %21 €21 1z 1 €0C  1vx3H) -c ;
611 A 8! <37 -4 ,
ZHI3 911 ezt Lot $21 %01 801 1 <02 Tyx=+42 -€ : ;
oz1 911 123 4 .
1HI3 st £11 eC1 sC1 €01 101 1 1C2  1sx3H)D -1 m
L 3 oﬂ LN J ’ *e Q LN 2 h L ] 0 LR ] m *on Q *e m . e N LI d L] PZ:OU m
gev) w
1
4

30%8 53 NIiS32

30vI6 ¥C109 30 NOIS3IT 3IIVLS-3TCNIS 3IVda7x3
Jovd Q1 /71 4% NyyjpSon KIATY o7 AVn SIGAIVNT ASTIN AJCNameg g3nvid *S1m3T F5vh

oS- u— -
- v 2 @ WG

SRR Tt v




R

209973
109972

28973
19069173

165973
19697v3
1€$97v32
125973
116973
16591v3
16997v3
18993
11993

€y~
z2-

€y~

L4

€29%10°

28%00°

69900°~

e16co”

9%9620°

€9210°

20€z20°~

S1910°

0z
N-

4
19920°~
0°
LL060°
0°
2zL00°
0°
eLnee
0°

8 X
o423

¢
\

J3¥AN3

€981
0°
*98°1
0°
158 1
0°
96L°1

°O

F o

J3¥0%3

0
0
J3uaN3

0

o

o1
J340N3

1

8y
9°66-
-1
02y~
L4 2
9°y-
96 °

‘et
J3s0Nz
J3N0ON3
J3ean3
J233IN3
J3v NS
J340N3
J383N3
J3adN3
238083
J345N3
A3¥UNg
J3¥IN3
2340NF
Ji30N4
PEY-LAY
J31dUN3
PEY. 1Y |
J320N3
J3alN3
J3e2Nd
J230N3
J3eiNg

0 L ]

Yy 1923 >

I

sC*

e
0
d-
0
Y]

(]
8°2sCN
S
62%00°
§°59-
93500°
2°¢g~
13e10°
J° 59~
66510 °
1°6%-
0.

0-

o.

0.
®0°Cl1
4y

c

o.
o°

il d

- “ LR J

.
¢ 0O

NN g
.

L] R 4

8%

i%
9y
Sy
9y
£ty
24
1
(o]

8¢
Le
St
ot
%¢
te
it
1¢

6¢
-X4
1 ¥4

-
-

9091y
JITONI
1-
vou v
IR
J3080N3
C
gL
8GSIWv
%0y v
ddelvnd
SVl
J3LONZ
yoLy
J3tCN3
LR
JdasCi3d
LJITWV
J3eUNs
8954y 1y
I3TCNI
eGuy
PEY-1ShF]
L1 )
Z3elN3
yeuly
22 20N3
0l9YV
elSv¢
BvlYY
w24
du9lv
wCL§
elyV
a(CSlE
wJuiv
vl916
vl
bJulv
4luly
CREAR L
BLt 1V
w(GU 1V
wCuls
vl Y
09y
sLule
LLLIV
elL8
w39v
N * e

114
ZC9%v3l
10991v3

110

11G
26991v3
1869705

Ity

14Q

140
16691v3

311G
19697v3

110
1¢697¢3

Ity
12323

110
11697v3

110
1C¢sY vl

| W
16591932

1lo
1699°v3

11
1492133
11y
110
| N
14G
i1taQ
11cC
11y
Tiu
114
ilC
) U
L4
110
1iu
1.4
1:C
I1G
Itd
i1C
ilu
1.6
LG
1i0
A .

=931
-84
-6
-L5
-9
-5S
-5
-5
-Ch
-1%
-06
-48
-bd
-3
-98
-63
!4&
-t
-2b
-1%6
-39
-5
-8d
-LL
-9¢
-5t
Oiﬁ
-€L
-t
-1
-3¢
-53
-es
-5
'00
-%9
-%3
-£3
-23
-13
-9
-£G
-ES
-1s
-53
-$5
OJu
-t3
-23
-1
Nt )
Gev)

-6




R Ty

IIve

- : t
L] 0°2
23 _ 4
J383v3 o°ot 92%5°
J340N3 L 2 § 629°
pZE FAF] $°s ceL*
J3a3M3 radl :13: M
I3uTn3 o
J3u8JN3 oot o*
23933 LA} 0°
233383 c*g 0°
J383N C*y c*
J3alUN: L
J3v0N3 oot 52y~
J3InyN3 L 2 § 529~
J3udN3 $°s €E9L° -
J3eIN3 s§°¢€ 868 °~
J330N3 1]
2343\ %0°C c°2-
J3dIN3 DA 0°2-
Jas0n2 Z
3e0N23 feel | C*4H-
) J38IN3 32°t 0°%-
JIWCNS Z
JIYINI c*t 9%1°¢e2
PEENAE] 0 0
11891v3 0°¢9 ¥ B 0° 0y 01 e°l
J3¥0N3 100° 0 0° Lo}
234GN3 < 4 €
23¥0N3 1 S € o o]
28293 ] 0 (s} 0 (| 1
18497V 0 0 0. o} 5 L
J3I¥CN3I c* 0° o° c*
-, J3¥aGNI3IVIF SiM3T ISTYN 4D SISAIVNT DInVYNAJOSavV
23:20N3 | 3 o- c*
23%0N3 o1 co°1
J3dIN3 eL* 6L”
J3IYINS (9 0s° .
2343v3 g2 sc*
JluIN3 cce ¢cC*
238CN3 c*
J340N3 c0* 0C-°01
2383\3 sCc* 0Cs 6
2333\3 (30 oo%°g
J340N3 so* Gy *¢
J3¥3v3 sC* (s°9
238Uh3 G0 0cr¢
23d3Ns L3¢ 23

. °~ L X J o [ X ) Q [ X 2 F L X ] 0 oe m .o » e m

ON QD 3 YyivyJ L I B B Q32 12 %08

vﬂﬂ*ﬂ Y 3 z.-“lv L]

S L e ot e e

gl gwll — S g o
401 wauy cavu - S ——
9¢1  257% 11¢ =61
C1  eLly 11G =51
01  wColv 1y =991
€CT  ©LLIV 110 =621
2C1  EBCYIW f10 ~»»1
101 adLv 1y -€51
GOl wCuIY 1.G ~enl
65  ®LLIT 116 =ivl
66 &LV Iiu =Co1
15 6L8I% iLc -6¢1
S6 @59 110 -8¢!
€5 BlIIT Iy -tel
%6 BULIT ¢ -9¢l
€6 YIulY Iy ~Sel
25 wuuIY lic -%el
16 eusls 1:4 ~€€1
€6  BLYIWV 11¢ =il
65  ®¥GUIE 113 -te m
€o  wLIT 11C -cel
(6 wCulv 11 =621
13 LW 1lo ~g21
S8 &Zule Iiv =L2l
8 391V 110 =921
€5 wULiw iic ~521 |
z LUV 116 -t
JE3eCN:z 1189193 ~tel
18 wGoiv 119 -ccl
Ct  wLLW 1.G =izl
6L  wUY IV ity -uei !
€ C 26197%3 -5 11 v
1 C I8493%3 -6 11
8L  wCuly 1iC -L1d
it BULY lath =51
9L §LuE 1ic R
SL uuYY 1Lg =511
5 93ulv ISRV ~eli
B w0eolw 140 —¢1l
Y TR T PRV -1it
0 LGy 119 =211 ;
0L  eLllE 114 =521 A
€9 wlSIr 310 -2t M
89  wuLw fid =421
19 0917 PYT =921
59 SuIv 110 =s21 !
$3  wlolv 11¢ =52 :
©3 .S v 14C ~€l1 ,
€9  wyuLIv 116 =<t
23 wlow 146G -1Cl1
) N L ﬂ 4 FI.J.UU
Jav2

337713 33 N91S520

3GVv18_6CL0¥ 50 N91S3Y 3IIVLS~ZIONIS 3eh?rI
SISATYLY XSIU C3CALBRD G3Lvla *SIM3T vosh

P— R |

4
g




SR L SR — xrv oy

1 13%°C~- 931°%- 848 °¢ 1 (28! S1y¥9 -2 '
1 18%° 931°9- 6Es°y 1 I8! Gl 5v =651
L3s°* o° 6ty 1 St Gley =351
1 L85° I31°y 6t3° H sl Uleoy -t>1
1 13%°0- 331°% 2d6°¢t 1 €11 Qla9 =951
T 185°0- o° ste°? 1 £01 Lliey -661
1 13%°C- 331°y- sl€ 2 1 101 gleso -»51
1 L85 331°9- slLE°2 1 sC1 aley -€51
1 L85° 0° sLL2 1 %01 gl es =251 !
1 L8s*° dp1°4 SLE°2 1 €C1 Gloyu -151 .
1 135°0- 761y L Y A 4 1 101 Gleo -0el
11L5°s 356L° L T4 M 21 gled =581
0020°21 1220 °C~ (e 1 (-1 -6l
9356°6 0€EcS°0- 092%°0- o1 ulaS -131
82ie° L 59¢9° 0629° 6 giv9 -381
033%°¢L 1e1C* c* 8 91esS -531 ;
0Z3€°L 9591 °0- 0029°0- é Givy -5al . :
935%°¢ ?9t2° oceL: 9 Qlry -£81 i
000¢°*s $220° C* 5 ‘ul s =231
2LLY*S %025°0- 0€9L°0- L] Glv9o -181
9Z61°% 65%2°C- 0858° 3 Clt9 -¢
’ 9556°¢ 2zgsC* (1} 2 Qlizy -5L1
20SLl°¢ 2zL2°0- 0968°0- 1 - Otee -gLl Am
J340N3 0°1 sel ©34v 1LQ -Lel '
23¥CN3 0° %€ 1 U9V 14G -911
J2330n3 c* zel 3oy 11C -3l
J3e N3 1 4 2¢el 8L91¥ 1.t -5l
J3¥aN3 s21° s21° 14 B 0°1 e ULV 1i0 -gL1
J380N3 09C* (oL 1ol csT* 8° cel 0L 1V 113G -2l
J330N3 1€0°* 1£0° 2¢G* 9° 621 (% 110G -l
J3adnN3 %10° 91¢° %10° 9-° g2l GLuY 141G -CL?
J3u80N3 1¢0° L00° ¥ o g z° T eCLY 11Q =531
J343N3 900° 900G 300 °* c* 921 8LV 116 -R91
JIHLNS 9 621 viSIW 110 -151
J340N3 c* %21 CUW 116G -331
J33dN3 o° €21 LS 1Y 1io -631
J3eGN2 o° 21 vl91v 141G -531
bER-1NE] (R 12 wCs % 144 -€31
J300N3 0° oct oLV IV 114 -2t !
J3343GC\N3 (V0 611 wduly 110 -131 k
J3IHUN3 0°* g1l 87 e 14d «291 »
Jd3eGN3 (] L1111 8¢V 140 -¢S1 ;
J33GN3 0 911 80LLY 1ig -§51 :
2380N3 ¢ 1 0°Ct sl uwilve 10 -161
J3¥aNs c* C*o %11 cuIv 110 -3¢1
J380N3 0 el ¥yGov 14U ~33 _
J340N3 0° L°81¢ L°%1 g2°¢ 21 PP 14¢ -%31 ;
s3UCINS 1 11 €CoWv 11C -z31
J3a3IN3 20°CY 0°y o1 ©Gyv idd =251
J3u80N3 EYRe 0y 601 ©5ov | Y™ =151 _
. L ] On oo O oo O ce F LX) 9 ee . o v oo m e N e u . F?.DOU
) Quv)
e e vAad. Y o.3 TN L 0 el L



e T o e i WA it = . mU=90 T4 sy

¢ € Mivdl n%uvd -8%2
' 1 1J12dl  wvivd -1%2
4 1 3uikal WYaTo -3
: €° <¢uluid ATEY D -5%¢C
€°  cJuloAd nTb%c -5 “
€° olluxs nYRVJ g 32
1 de3liv nvovd -2%2
T $S3cav hY70%d -1%2
Gt~ 1 s21 C*1t 1 €<t 9 Jdn -c+Z ,
o°t1- 1 21 0°1 1 121 Cce Jew -6¢€2 i
o°1- € 2 c°1 € cz1_ cco Jew -t€2
L P4 r4 0°1 4 ozt €09 d¢h -Lec
2°1~ 1 4 0°1 1 ozt 00S Jow -3¢
o°t~- € : 2 cet € 91 <o Jdh 1 T4
0°1-~- r4 Z 0°1 4 911t cCo Jddn -52¢ ‘
: 0°1- 1 2 (| 1 911 (o dew -€Z
o°1- € L1t 6°1 € st1 (4] Jan -3&2
ce1- z Lt 0°t P4 s11 co% ddn -1t¢ ,
o0°1- 1 L1t (0 | 1 st «ce Jdh -2 _
0°1-~ € 61t o°t € €11 co5 Jow -572
o°t- r4 611 c*1 2 €11 rus ddh -£22
0°1- 1 611 c°1 1 €1 €29 Jow -2
o°1- € §91 0°1 € €01 €09 Yew -2:z2
0°1- 2 601 c*1 2 €01 cCI Jaw -zlc
0°1- 1 601 0°1 1 €01 Cu9 Jdn -%22
0°1- € 11 c°1 € 101 £06% Jch -£22
0°1- 4 Lot (A | 2 101 I F) Jon -222
0°1- 1 131 0°1 1 101 o9 Jew -122 '
0°1- 9 r4 c*1 9 1 ces Q2w -tc2 o
0°1- S Z c*1 S t cCa « T -51z
o°t- 4 rd o1 Y 3 cCY PR -1z "
- o°1- £ z c°1 € 1 cos Jen =132
‘ 0°t1- 2 2 c°1 r4 £ €09 Jdn -912
. 0°1- 1 r4 ce1 1 € Cco9 Zch ~¢12 ;
o°1- 9 P4 c*1 9 1 tco Jen -512 ,
) ) 0o°t- S 2 c*1 S 1 cCcy Jew -1z .
0°t- 4 b4 o1 ] 1 ce9o Jew -232 ]
0°1- € r4 c1 € 1 cs Ien -3z .
0°1- 2z b4 Cc*i F4 1 (o) Jdn ~c12 1
0°1- 1 2 c*1 1 1 o9 den ~502 ;
=320t L [ 930°1¢ 1 1L%n -62¢
1 135%5°0- 0o° cCo* 1 621 alvy -12¢ i
1 13%°0- ?81°%- 5006° 1 L Gle9 -3352 i
1 185° 931°%- $36° 1 621 ity =$J¢ ;
: 1 L35° 0° % 1 %21 ulyy -%02 ;
1 Lisse 331°» S06° 1 £t CloYy -£3 w _
1 13%°2- 31y sG6* 1 121 Qlue -2C2 ; :
Lt3s°0- 0° 286°¢€ 1 cet GloY -1c¢ :
L 4 oﬂ L X ] o e Q X 3 F e 0 o m oe ¢ o e M e e N oo ﬁ 3 k?LUU 3
! :

OKNJ3 vivid »Ine 0318058 i
3G77e 2J N9I32D

. 3CVvIv wli38 40 NOISIY 390LL-31u01S 3VcaTri
9vdé QL/T 7% NVHLISYN 8161 *1 AV SISAIVAY %S 1u G3ILNZoHS C3uvloe °*51%37 viv.!

| vanew . |




iy

i
H
i
i

g2t
0zl
801

821

Lzl
511
Lol

Lzt

£l
L1
co1l

¢l

[
o
—
'
i
. TiV3uNz
21 ficha c1 YT invsuls -¢3Z
& HET. PR i [ RSP ET YRS -45¢
g Nurmy & 2ilmv¥=clS -G9¢
c fiehy 1 T1IRV=L1S -6 37
%21 e21 121 94+ cCs 1uca -3¢
911 Ss11 £l 9¢cy (¢ 1icos -£3Z :
LR ¢C1 1C1 969 s 1uu> -252
21 el L s Cis [Les -132
%21 €21 Tet | %2 €Cs 1Les -0
0°1 i39z2°432 o] 8] 1 zucl 2z iz
(G V] 229" 1 §¢UZ 2vlcac - ;
cec zzecCc* 1 €ecZ evlosc Y- i
c*0 L1010 1 SICZ <¢viule -t gl :
c*e LeL2® 1 ClLe <cv.irla ~35¢ é
6°0 GHCl° 1 SCliz 2rivia -3¢
c*¢ (sL 1o B 1 U00¢ Qvilcic -5 i
G Nileld nVoVe -Z32
I- Inv3uis wvava -18¢ )
LY m *» J . . N o M ] F??CU
Sevd
~ T . Q W [N




T T e

The Executive Control Deck consists of cards from ID
to CEND. S@L 16 and APP Displacement are used for the Steady
Ar.. “hermoelastic 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 select the boundary
conditions imposed on, and the loads applied to the structure.
"~e¢ extent and the form of the output desired is also selected
in this deck, In this problem, SPC set 500 is used to restrain
the hub-shaft attachment degrees of freedom from moving in the
axial and tangential direction, MPC sct 600 is used to define
the blade-hub attachment and the relative motion of the corres-
ponding grid points 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 QUTPUT (PL@T) packet requests the plots, and is explained
in Section 4, of the User's Manual,

The blade is idealized by 12 CTRIA2 plate elements
while 4 CHEXA1 solid elements are used to model the hub., The
aerodynamic data describing the blade geometry (blade angle,
chovrds, stagger angles etc,) and the operating conditions (flow
rate, speed, losses etc,) are specified in the ALGDB data block
input 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. FXC@P@R, FYCPPR
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and FZCPQR parameters each equal to 0.3 indicate that, in
this design example, three tenths of the displacements cbtained
(both linear and non-lirear) are used to redefine the blade
geometry., Parameters IPRTCF = 1 and IPRTCI = 1 d4are used for
a detailed printout from the ALG module upon final and initial
entries. IPRTCL = 0 requests a summary from the ALG module
during the difrerential stiffness loop (see Section 18 of the
Theoretical Manual)., PGE@PM = 3 causes the GRID, CTRIA2, PTRIA2
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 STREAML2 bulk data cards,
while Z@RIGN = 0 only is currently permitted. STREAML1 cards
identify the grid points defining the blade.

Results are presented in the Demonstration Problems

Manual,

-12-
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1.15.5 Modal, Flutter & Subcritical Roots Analyses

Cyclic symmetric 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 aerodynamic theories and the existing k-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 freguency and
the relative Mach number must be 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 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 cn 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 below 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 should 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, computed at a
few interblade phase angles and reduced frequencies,
and interpolated for others. These parameters are selected on
the MKAEROl and MKAERO2 bulk data cards. Matrix interpolation
is an automatic feature 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 rirst computed for
"aerodynamic modes" (see the Theoretical Manual, Section ).
The aercdynamic matrices for chordwise structural modes are
then determined from bilinear transformations along each
streamline prior to the spanwise integration to obtain the

o R ol e e

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-zero harmonic numbers, the normal modes

analysis using cyclic symmetry results 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
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of parameters: density ratio (P/pref:p ref is given on AER@
card); interblade phase angle ("); and reduced frequeacy, (k.)
} For example, if the user specifies two values of each, there
will be eight loops in the following order.

Lggp  DENS o RFREQ
1 1 1 1

2 2 1 1

3 1 1 2

4 2 1 2

5 1 2 1l

6 2 2 1

7 1 2 2

8 2 2 2

Values for the parameters are listed cn 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
(e.g., in/sec) to any units the user may desire (e.g., mph),
determined from V = V/V

out REF*
is to compute flutter index, by choosing VREF = buh B

Another use of this parameter

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 velocity; the method
is discussed in Section 3.23.3.

T°3.15.6  Sample Problem |
- "”‘*»wsTo Sé'un;tten) |
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USER'S MANUAL UPDATES

1.15.6 Sample Piobiem

The problem of determining the cohplete. unstalled
flutter boundaries of a compressor or turbine 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 %o the definition of flutter boundaries.

The finite element model of the compressor bladed
disc sector is shown in Figure 1. The aerodynamic model (see
Section 1.15.2) 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 LM@PDES = 4 and KINDEX = 0.
Operating 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 Analysis

at this operating point (see Demonstration Manual examples 9-5-1

and 16-1). For this, the Parameter KGGIN is set equal to 1.
The k-method of flutter analysis is used which is the only
methor 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 SPL 9 and APP AERP cards. An estimated CPU TIME of
;o 20 minutes is indicated for this example. The DIAG 14 card
A ‘ is optional and lists the Rigid Format.
Z The Case Control Deck is used to select constraints,
! 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. MPC set 600 fs used to define
| the blade-hub connection. A METHPD 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. é
Kk CMETHPD card must select an EIGC data card for complex ;
eigenvalue extraction, For a flutter summary printout, the
parameter PRINT is set to YESB., The XYPAPERPLPT 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 XYPAPERPLAT VG. 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 respectively modeled by

12 CTRIA2 and 4 CHEXAl elements. The geometry, material and

constraint bulk data are as discussed #¥n previous sections of

FRoT o R O T

this manual, and there are no special rules for aeroelastic
flutter analysis. CYJPIN data card specifies the pairs of

corresponding grid points on the two sides of the cyclic sector.

INV method of real eigenvalue extraction is selected on an EIGR

AR B ki Nk

card wherein five mode shapes and frequencies are requested.

atnts i

it
«
RN IR RO

A

pron
1
!
;
3
;
S




F

cnion, #

P

WingemERn

B e e )

0f these, the first four (Parameter LMPDES = 4) 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 MKAERPY data card
causes the aerodynamic watrices to be computed for three inter-
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 locps. Both linear 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 output specified on the FLUTTER data card.

For bladed discs, STREAML1 and STREAML2 data cards are
required. The grid points on each streamline on the blade are
identified on the STREAMLY card. 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

-3-
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the root and the tip) and 3 grid points per streamline must be
selected for cyclic modal flutter analysis.
Results are presented in the Demonstration Problems

Manual.
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NASTRAN DATA DECK

TIKE K Required.

K - Maximum allovable execution time in minutes.

SPpL K1[,Ki] or SQL An !,Ki[ Required when using a rigid format (sce Section 3.1

for available options).

K1 -- Solution number of Rigid Format (see table below and Section 3.1),

X{ -- Subset numbers for solution K!, default value = 0, HMNultiple subsets
may be selected by using multiple integers separated by commas.

An -- Name Cf Rigid Format (see table below)

Displacement Appioach Rigid Formats

»
-

An

STATICS

INERTIA RELIEF

HPDES or HPRMAL MPDES or REAL EIGENVALUES
OIFFERENTIAL STIFFHNESS

BUCKL1IHNG

PIECEMISE LINEAR

CIRECY COMPLEX EIGEHVALUES

DIRECT FREQUENCY RESPAUSE

DIRECT TRAMSIENT RESPQNSE

NPDAL CONMPLEX EIGENVALUES

NPDAL FREQUENCY RESPQNSE

HPEOAL TRANSIENT RESPANSE

NORMAL MODES ANALYSIS WITH DIFFERENTIAL STIFFNESS
STATICS CYCLIC SYNMLTRY

MPDES CYCLIC SYMMETRY

STATIC AEROTHERMOELASTIC AMALYSIS UITH DIFFERENTIAL STIFFRESS

ONBWNHN~OODNOD WA —

PR R S J R )

Heat Transfer Approach Rigid formats
An
STATICS

STEADY STATE
TRANSIENT

'x
O L) — —

Aeroelastic Approach Rigid Format

F ol
—

An

l

CYNPRESSOR BLADE CYCLIC MPDAL FLUTTER ANALYSIS
MPDAL FLUTTER ANALYSIS

—
o w

Subset NHumbers

Delete loop control,

Delete mode acceleration method of data recovery

(modal transient and modal frequency response).

Combine subsets 1 and 2.

Check all structural and aerodynamic data without execution of the
aeroelastic problem.

»w ) e

2.2-3a (9/30/78)
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Check only the aerodynemic data without execution of the seroelas-

tic problenr,

Delete checkpoint instructions.

Delete structure plotting and X-Y plotting.
Delete Grid Point Weight Generator.

Delete fully stressed design (static analysis).

2.2-3b (9/30/78)

T SR




-
»
b

£

R S ‘

b

B

CASE COHTROL DECK

The following cards are u.ed to make cutont requests for the calculated response of com-

ponents in the SQLUTIAN set (components in the direct or modal formulation of the general K

system) for dynamics mablems:

1.

SACCELERATIZY - requests Lhe acceleration of the fndependent corponents for a <elccted
set of points or mnodal cnordinates,

SOISPLACENTT - requests the displacemnts of the independent components for a <elected
set of points or modal coordinites or the temperatures ot the independent corponents tor
a sclected set of points in heat trenstoer,

SVELUCITY - requests the velocities of the independent (orponents for a selected set of
points or nodal coordinatcs or the change in temperature with respect to time of the
independent corporents for a selected set of points in heat transfer,

NLLPAD - requests the nonlinear losds for a selected set of physical points (grid points
and extra points introduced for dynamic analysis) intransient response nroblems.

The following cards are used to make outbutl requests for stresses and torces, as well as the

calculated response of degrees of freedom used in the modcl:

1.

10,

1.

12,
13,

™

LIARCE - requests the forces in a set of structural clements or the tenperature gradients
nd fluxes in a <o% of structural or hcat elements in heat transfer,

-4

STRESS - requests the stresses in a set of structural elements or the velocity components
in a fluid element in acoustic cavity analysis,

SPCFARCES - requests the single-point forces of constraint at a set of points or the ther-
mal power transmitted at a selocted set of points in heat transfer.

PLPAD - selocts a set of applicd loads for output.

ACCELERAT I - requests the accelerations for a selected set of PHYSICAL points (grid,

scalar and fluid points plus extra points introduced for dynamic analysis),

DISPLACEMENT - requests the displacements for a selected set of PHYSICAL points or the

tenperatures for a selected set of PHYSICAL points in heat transfer or the pressures
for a selected set of PHYSICAL points n hydroelasticity.

VELPCITY - requests the velocities for a selected set of PHYSICAL points or the change in
temperatures with respect to time for a sclected set of PHYSICAL points in heat transfer.

HARMPNICS - controls the number of harmonics that will be output for requests associated
wilh the conical shell, axisymeetric solids and hydroclastic problems.

ESE - requests structural element strain energies in Rigid Format 1,

GPFPRCF - reguests gvid point force balance due to elcwent forces, forces of single point
constraint, and appliea loads in Rigid Format 1.

THERMAL - requestsy temperatures for a set of PHYSICAL points in heat transfer,

PRESSURE - requests pressures for a set of PHYSICAL points in hydroelasticity,

€SP - selects contact surface points tu be output

In general, a separate subcase is defined for each loading conditien, In statics problems

separate

subcases arc also defined for each set of constraints. In complex eigenvalue analysis

2.3-1 (9/30/78)

- B T e e i

P O PR

e



ST .

v

Case Control

Description:

Data Card

Selects the

CASE CONTROL DECK

SP . Contact Surface Point Selection

——

interface contact surface points for a static

aeroelastic anatlysis.

Format and Examples:

CSP = n
csp = N

Option:

n

Remarks:

The norma) displacement difference will be output for the selected
interface contact surface points.

1.

Meaning

Set identification number of a CSP card (integer > 0).

This card should select only those points of the interface contact

surfaces where

"contact"

constraint conditions were not invoked. Use

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

TR

2.3-11a (9/30/78)
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BULK DATA DECK

Input Data Card csp Contact Surface Points

——

Description: Defines interface contact surface points for use in statfc
aeroelastic problems.

Format and Example:

) 2 k] 4 5 6 7 8 9 10
csep SI1D GA GB1 GAZ GB2 GA3 GB3 +ABC
cse 13 5 9 10 12 13 23 +CSP)

+ABC GA4 GB4 GAS GBS -etc-

+CSPY

Field Contents

SID Identification number of contact surface set (integer > 0).
GA{, GBi Grid point {dentification numbers of node point pafrs at

interface contact locations (integer > 0).

Remarks:

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

2. The normal displacement difference between each GA{ and GBY{ patr will be
output if this SID is selected.

3. Only those points where "contact" constraints were not invoked should be
selected here. Contact surface points where “"contact"” constraints were

tnvoked should be selected by a GPFPRC: data card to output element forces
at the contact locations.

GA2 GAl
GA3
GA4

GB2

GB4

Interface contact surfaces represented by node pairs (GAl, GB1), (GA2, GB2?),
(GA3, GB3) and (GA4, GB4)

2.4-66b (9/30//8)
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BULK DATA DECK

- T WETRET

Input Data Card FLFACT Aerodynamic Physical Data

‘ Description: Used to specify densities, Mach numbers or interblade phase angles,

b and reduced frequencies for flutter analysis.

Format and Example:
[ ] 2 3 4 5 6 7 8 9 10
‘ FLFACT [SID Fl F2 F3 Fé4 Fs Fé6 F7 ABC .
; FLFACT |97 .3 .7 3.5
i

G F9 -etc-
| "
A

]
| Fielc contents
: SID Set fdentification number (unique integer > 0).

Fi Aerodynamic factor (real).

Remarks:

1. These factors must be selected by a FLUTTER data card to be used by NASTRAN.
2. Imbedded blank fields are forbidden.

] 3. Parameters must be listed in the order in which they arc to be used within
the looping of flutter analysis.

k
2
;
;
A

2.4-116a (9/30/78)
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Input Data Card

Description:

f Format and Example:

BULK DATA DECK

FLUTTER Aerodynamic Flutter Data

Defines data needed to perform flutter analysis.

2

3 4 5 6 7 8 9 10

FLUTTER{SID

METHOD | DENS MACH RFREQ IMETH NVALUE

FLUTTER 19

K

(R E) 219 319 S 5

Field
SID
METHOO
DENS

MACH

RFREQ

‘ IMETH
NVALUE

Remarks:

Set identification number (unique integer > 0).
Flutter analysis method, “K" for k-method (BLU).

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

Identification number of an FLFACT data card specifying
MACH numbers or interblade phase angles (m) to be uscd in
flutter analysis {integer > 0).

Identificaticn number of an FLFACT data card specifying

reduced frequencies (k) to be used in flutter analysis
(integer > 0)

Chofce of interpolation method for matrix interpolation
(BCD: L - linear, S = surface, default s S).

Number of eigenvalues for output and plots (integer > 0).

1. The FLUTTER data card must be selected in Case Tontrol Deck (FMETHED - SID).

card.

w

R

g

2. The density is given by o . RHOREF where P is ihe density ratio given on the
FLFACT deta card and RHOREF is the reference den,ity given on the AER® data

The reduced frequency is given by k = (REFC-w/2'V), where REFC i+ given on
the AERQ data card, w is the circular frequency and V is the velocity.

2.4-116¢c (9/30/78)
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' BULK DATA DECK

Input Data Card MKAERD! Mach Number - frequency Table

Description: Provides a table of Macn numbers or interblade phase angles (m)
and reduced frequencies (k) for aerodynamic matrix calcutation.

l Format and Example:

i 2 3 4 5 6 7 8 9 10
| MKAERDY |[m, my "3 my mg me m, ma ABC
} MKAERB! | .1 .7 +ABC
t
|
L +8C .3 .6 1.0

field Contents
: m List of Mach numbers or interblade phase angles (Real,
1 < ¢ 8).
’ L
? kj List of reduced frequencies (Real, 1 < § < 8).
Remarks:

1. Blank fields end the list, and thus cannot be used for 0.0.

2. Combinations of (m,k) will be used.
]
3. The continuation card is required.
4. Mach numpers are inpul for wing flutter ard interblade phase angles for
blade flutter.
4
:
?
N
T
S 2.4-158¢ (9/30/77)
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BULK DATA DECK
Input Data Card MKAERP 2 Mach Number - frequency Table

Description: Provides a list of lach numbers or interblade phase angles (m) and
reduced frequencies (k) for aerodynamic matrix calculation.

Format and Example:

] 2 3 4 5 6 7 8 9 10

TAKAERPZ ['m, k‘ m, kz m,y kJ my l‘

MKAERB2 | - 10 .30 .10 .60 .70 .30 .70 1.0

Field Contents

m‘.ki List of pairs of Mach numbers o; interblade phase angles (Real)
and reduced frequencies (Real) (imbedded blank pairs are
skipped).

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. Mach numbers are input for wing flutter and interblade phase angle for blade
flutter.

2.4-154f (9/30/78)
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ab.

ac.

ad.

2e.

af .

ag.

at.,

AT e . g

KASTRAN DATA DECK

PARAM (Cont.)

KMAX - optfonal in static analysis with cyclic symmetry (rigftd format

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 (riygid format
. The integer value of this parameter specifies a single value of
the harmonic index.

NPBJE - optional ir modal flutter analysis. A positive integer of this
parameter indicates user supplied downwash matrices due to extra points
are to be read from tape via the INPUTYZ2 module in the rigid format,
The default valye is -1,

Pl, P2 and P3 - required in modal flutter analysis when using NQOJL
parameter. See Section 5.3.2 for tape operation parameters required by
INPUTT2 module. The defaults for P1, P2 and P3 are -1, 11 and TAPEI]D,
respectively.

VREF - optional {n modal flutter analysis. Velocities are divided by
the real value of this parameter to convert units or to compute flutter
tndices. The default value is 1.0,

PRINT - optional in modal flutter analysis. The BCD value, N3, 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. Tho default
is YES.

APRESS - optional in static aerothermoelastic analysis. A positive
Tnteger value will generate aerodynamic pressures. A negative value

{the default) wil) suppress the generation of aerodynamic pressure loacds.

ATEMP - optional f§n static aerothermoelastic analyiis, A positive
Tnteger value will generite aeroaynamic temperature loads. A negative
value (the default) will suppress the generation of aerodynamic thermal
loads.

STREAML - cptional) in static aerothermoelastic analysis. STREAAL=]
causes the punching of STREAMLY bulk data cards. STREAML= 2 causes the
punching of STREAML2 bulh data cards. STREAML=3 causes both STREAML!
and STREAML? cards to be punched. The default value, -1, suppresses
punching of any cards.

PGEPM - optional in static aerothermoelastic analysis, PGEPM =
causes the punching of GRID bulk data cards. PGE@M & 2 causes the
punching of GRID, CTRIAZ2 and PTRIAZ 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 - optio.al in static aerothermoelestic analysis, If IPRT > 0O,

then intermediate print will be generated in tse ALG module based on the
print option in the ALGDD data table. If IPRT = Q {(the default), no
intermediate print will be generated,

2.4-184b (9/30/78)
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aj.

ak .

an.

a0.

ap.

aq.

NASTRAN DATA DECK

PARAM (Cont.)

SIGN - optional in static acrothermoelastic analysis. Controls the
type of analysi; being performed. SIGN = 1.0 for a standard analysis
SIGN = -1.0 for a design analysis. The default is 1.0.

ZPRIGN, FXCOPR, FYCPOR, FZCPPR - optional in ctetic aerothermoelastic
analysis. These are modification factors. The defaults are
2ORIGN = 0.0, FXCOPR = 1.0, FYCOQPR = 1.0, and FICPQR = 1.0.

MINMACH - optional in blade flutter ana’lysis. This s the minimum
Mach number above which the supersonfc unsteady cascade theory fis
valid. The default 1s 1.0},

MAXMACH - optional in blade flutter analysis. This is the maximum
ach number below which the subsonic unsteady cascade theory s valid.
The default value is 0.80.

JREF - optional in blade flutter analysis. This defines the reference
streamiine number. [IREF must be equal to a SLN on a STREAML2 bulk
data card. The default value, -1, represents the streamline at the
blade tip. If IREF does not correspond to a SLN, then the default
will be taken.

MTYPE - optional in cyclic modal blade flutter analysis. This controls
which components of the cyclic modes are to be used in Lhe modal
formylation. MYYPE e« SINE for sine :omponents and MYYPE = COSINE for
cosine components. The default B8C3 .. lue fs COSINc.

KT@UT - optional in static aerothermoelastic analysys, A positive
nteger of this parameter indicates that the user wants to save the
total stiffness matrix on tape (GINF file INPT) via the PUTPUT) module
in the rigid format. The default is -1,

KGGIN - optional in compressor blade cyclic mcrfal flutter analysis.

K positive integer of this parameter indicates that the user supplied
stiffness matrix is to be read from tape (GINP file INPT) via the
INPUTTY module in the rigid format. The default is -1,

2.4-184c (9/30/78)
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BULK DATA DECK

Input Dats Card STREAML! Blade Streamline Data

Description: Defines grid points on the blade streamline from blade leading
edge to blade trailing edge.

fFormat and Examgzle:

1 2 3 4 5 6 7 8 S 10
STREAMUL) SLN G! G2 G3 G4 GS Gé ? +ABC
STREAML 1 3 2 4 6 8 10
+ABC G8 G9 -etc-
+ABC

Alternate Form:

STREAMLY SLN GIDY “"THRU" IGID2

’ STREAM}I 5 6 THRU 12
l

Field Contents

SLN Streamline number (integer > 0).

Gi, GIDi{ Grid point identif:cation numbers (integer > 0).
!

Remarks:

1. This card is reqiired for blade steady aeroelastic and blade flutter
problems.

) 2. There must be one STREAML! card for each streamline on the blade.
: For blade flutter problems, there must be an equal number of STRLAMLY"®
and STREAML2 cards.

3. The streamline nunbers, SLN, nust increase with increasing radial
distance of the blade section from the axis of rotation., The
towest and the highest SLN, respectively, will be assumed to
represent the blade sections closest to and farthest from the axis
of rotation,

=,

i
% g ! 4. Al) grid points should be unique,

e

gt 5. All grid points referenced by GID! through GID2 must exist.
!

6. Each STREAML] card must have the same number of grid points, The
nodes must be input from *ho blade leading edge to the blade
trailing edge ir the correc:¢ positional order,

C 2

§ 2.4-266a (9/30/78)
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Description:

Input Data Card

BULK DATA DECK

STREAML2

Format and Example:

Blade Streamline Data

Define aerodyramic data for a blade streamline.

1 2 3 4 5 6 7 8 9 10
STREAML2] S.N [ NSTNS (STAGGER | CHORD JRADIUS |BSPACE | MACH DEN +abe
STREAML2] 2 3 23.5 1.85 6.07 .886 .934 .066
+abc VEL | FLOWA
+ABC 1014,.2] 55.12

Field Contents

SLN Streamline number (Integer >0)

NSTNS Number of computing stations on the blade streamline.
(3 < NSTNS < 10, Integer)

STAGGER Bla;e stagger angle (-90.0 <stagger <90.0, degrees)

CHORD Blade chovrd (real >0.0)

RADIUS Radius of streamline (real >0.0)

BSPACE Blade spacing (real >0.0)

MACH Relative flow mach number at blade leading edye
(real >0.0)

DEN fas density at blade leading edge (real >0.0)

VEL Relative flow velocity at blade leading edge (real >0.0)

FLOWA Relative flow angle at blade leading edge

(-90.0 <FLOWA <90.0, degrves)

2.4-266b (9/30/78)
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At Yeast three (3) and no more than ten (10) STREAML2 cards are

required for & blade flutter analysis.

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

It is not required thaet all streamlines be used to define the

aerodynar ¢ matrices used on blade flutter,

2.4-266¢ (9/30/78)
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RIGID FORMATS

following rigid formats for structural analysis are currently included

Static Analys(s'

Static Analysis with Ilnertia Relief

Norsmal Mode Analysis

Static Analysis with Differential Stiffness
Buckling Analysis

Piecewise Linear Analysis

Direct Complex Eigenvalue Analysis

Direct Frequency and Random Response

Direct Transient Response

Moda) Complex Eigenvalue Analysis

Modal Frequency and Random Response

Modal Transient Response

tiormal Modes Analysis with Differential Stiffness
Static Analysis with Cyclic Symmetry

Normal Modes Analysis with Cyclic Symmetry

Static Aerothermoelastic Analysis with Differential Stiffness

following rigid formats for heat transfer analysis are ‘acluded in

Linear Stattic Heat Transfer Analysis
Nonlinear Static Heat Transfer Analysis
iransient Heat Transfer Analysis

following rigid formats for aeroelastic analysis are included in

Compressor Blade Cyclic Modal Flutter Analysis (Subsonic and Supersonic)

Modal Flutter Analysis (Subsonic)

t File Processor

The Input File Processor operates in the Preface prior to the execution of

the DMAP operations in the rigid format.

in the Preface is given in the Programmer's Manual. The main interest here is to

3.1-2 (9/30/178)
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fndicate the source of data blocks that are created in the Preface and hence appear
only as inputs in the DMAP sequences of the rigid formats, HNone of the data blocks
created by the Input fFile Processor are checkpointed, as they are always regenerated
on restart. The Input File Processor is divided into five parts. The first part

(1FP1) processes the Case Contro) Deck, the second part (IFP) processes the Bulk Data

3.1-2a (9730/78)
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COMPRESSOR BLADE MESH GENERATOR
3. COMPRESSOR BLADE MESH GENERATOR

3.21.1 DMAP_Sequence for Compressor Blade Mesh Generator
RIGID FORMATY DMAP LISTING

SERIES O

DMAP APPROACH, COMPRESSOR BLADE MESH GENERATOR
LEVEL 2.0 NASTRAN DMAP COMPJLEK - SOURCE LISTING

OPTIONS IN EFFECT' GO ERR=2  NOLIST NODECK NOREF NOOSCAR
' 1 BEGIN §
2 ALG CASECC,,,,ALGDB,, / CASECCA,GEOM3A / C,N,-1 / C,N,-1 /

V.Y, STREAML=1 /' V,Y,PGEOM=2 / V,Y,IPRT=1 §
3 END §

3.21-1 (9/30/78)

b s st b i n




. ¢

B ol R

pren—

.2

e e

RIGID FORMATS

Description of DMAP QOperations for Compressor Blade Mesh Generator

ALG generates GRID, CTRIA2, PTRIA2 and STREAML' bulk data cards. These
cards are output via the system card punch, The GRID and CTRIAZ2 cards
represent a compressor hlade mesh, The aerodynamic ftnput data is
checked by performing an aerodynamic analysis,

3,212 (9/30/78)
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J.2)1.4

The

COMPRESSOR BLADE MESH GENERATOR

Qutput for the Compressor Blade Mesh Generator

The GRID, CTRIA2, PTRIA2 and STREAML) bulk data cards are punched.

Aerodynamic output {s printed.

Case Control Deck, DY] Table and Parameters for the Compressor B8lade
Mesh Gunerator

Only TITLE, SUBTITLE and LABEL cards are processed, all other case
control cards are ignored.

The only required input is the ALGBD data table, This data block s
fnput via Direct Table Input (DT1) bulk data cards. ALGDB contains

all the aerodynamic input necessary for the ALG module., For a

detailed description of the ALGDB data block input see Section 1.15.3.1

of the User's Manual,

following user parameters are used by the Compressor Blade Mesh Generator.

STREAML - Optional -~ A value of 1 casues the punching of STREAML) bulk
data cards. A value of 2 causes the punching of STREAMLZ bulk data
cards. A value of 3 causes the punching of both STREAML) and STREAML2
cards. The defaul!t value, -1, suppresses the punching of all cards.
PGEOM - Optional - A value of 1 causes the punching uf GRID bulk data
cards. A value of 2 causes the punching of GRID, CTRIA2 and PTRIAZ2
bulk data cards, PGEYM = 3 causes the punching of GRID cards and the
mod{fied ALGDB table on DY! cards. The default value, -1, suppresses
the punchirg of all cards.

IPRT - Optiunal - a non-negative value of this parameter will allow
{ntermediate print to be generated by the ALG module based on the
print option in the ALGNB data table. The default value, 0,

suppresses all {ntermediate print,

3.21-3 (9/30/78)
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3.22

J.22.

STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

Static Aerothermoelastic Analys{s with Differential St{ffness

OMAP Sequence for Statfic Aerothermoeclastfc Analysis with

Differentjal St{ffness.

RIGID FIORVAT DmMaP LISTING
SERIES U

OUSPLACLMENT APPRUACH, RIGID FURMAT Jo

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

UPT IONS IN EFFECT* GO tRR=2 NOLI ST NOOECK NOREF NOOS CAR

1
2

&>

\

o

L

J

10
11
12

13
14
15
16
i

18

19
20
21
«R

BEGIN

0

SAVE

CHKPNT
Gr2 D
CHKPNT

PARANL

PURGLE
CUND

LVSEY

b

SAVE

‘

PARAY

PARANA

OND

ot

SAVE

PRIYSG

-

LABREL

CIXPNY

N

NU.16 STATIC AEROTHERMOELASTIC wWiITH OIFFCRENTIAL ST IFFNESS ¢

GEDM 1, GEUMZ 1 /GPLIEJE XIN,GPOT CSTMBGPOT sSIL/ViNILUSET/
NUGPOT §

LUSET,NUGPDT

ERRUR 14NOLPDY  §

GPL I EQEXINIGPODT L STMBuPDT,SIL 8

GEOM2,EQEXIN/ECT §

ECT ¢

PCNB//CoNGPRE S/CoeNo/CoNs/C oNo/V Ny NOPCDS §

7/ CoNyCOMPLEX / /7 VY, SIGN /7 CoNy0O / VeNsCSIGN 8
PLYSETXsPLTPAK oGP SET SyELSETS/NOPCOB

PLyNUPCDLDL §

PCOBGEQEXINJLCT/PLISETX PLYPAR,GPSEVS,ELSETS/VoNeNS ILY/
JUMPPLUY==| §

NSIL ) JUMPPLUT 8

PLISETX/Z 8

JTICoN o 4PY/V N (PLIFLG/C Ngl /CoNol 8
7/C ot g MAPY IV N yPFILE/CIN9O/CoNyO 8
P Ly JUMPPLOT

PLTPAR GP SETS 4ELSE lSoCASECC:BGPOI EQEXINSI Lo o/ PLUTXL/
NSIL/ZViNJLUSE T/Vy N yJUNPPLOT/V N PLTFLG/V o NePFILE o

JUNPPLUTPLTIFLG JPHILE
PLUOTXL/Z 8
Pl s

PLIPAR yUPIHE TS FLSFTS 8
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RIGID FORMATS

RIGIO FURMAT DMAP LISTING
SERIES O

OISPLACEMENT APPRUAIH, RIS IO FURMAT 16

b om0 i AN i B D2

- LEVEL 2.0 NASTRAN DNAP COMPILER - SOURCE LISTING ‘
' f

il se iR e e AR

y

[ 23 GEJIM 3 EQEXIN.GEOM2/SLToPTT/V Ny NUGRAV §

24 SAVE NUGRAV §
25 PARL‘ //CeNsAND/ VN ¢ NOMGG 7V eNyNOGRAV/V 4 V4GROPNI=-]1 8

.

26 CHKPNT SLT,GPTT &

y

ECTIEPT,BGPOT oSIL yLPTTLSTH/ZEST ,GEL yGPECT .7 VoN,LUSET/ Voo
NOSINP/ZC oNo L/ VN NUOGENL/VoNGENEL §

27

28 SAVE NOST4P ) NJUGENL oGUNEL §

f

29 ERRIR LWNUSINMP 8§
30 PUKGE UG ST/GENEL 8
31 CHKPNT ESTGPECT,GFI »OGPST 8

32 PARAM 7/ o NWADU/V N oNOKGGX/C oNol /C oNeO 8

(%

ESVoCSTMMP T 4D ToGEUM2 o /KELM o KOTCT 4MELMyMOLICT /7 V N NUKGGX/ V,
NoNOMGG/ZC N oZ7C oNo 7/C o Ny /C o Y,COUPMASS/CoYoCPBAR/C oY oCPRCD/CyY
CPQUADL/C Y2 PQUADR/C o Y4CPIRTAL/C, Y ,CPTRIA2/ C,oYCPTUBE/ZC,Y,
CPQOPLYZC Yoo PTRPLIZC oY (PTIRBSC 8

34 SAVE NOKGG Xy NOMGG 8
35 CHKPNT KELM KUICT Mz LM MDICT 8

36 JMPKGGINUKGGKX §

08

37 GPECT KUICT KELM/KUG X GPST 8
38 CHKPNT KGLX,GPST ¢
39 LAREL JMPKLG 8

JMPNGG)NUMGG $

9

41 GPECTADICT MELM/MGG o /L s W o=1 /C oY JWTMASS21.0 &
ko
’, 42 CHKPNT MGG $
" 43 LABEL JUPMGG 8

LBL L, GROPNT 8 )

0

45 ERRIR 4y NOMGG §

0t it
——— —
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STATIC AEROTHERMOELASYIC ANALYSIS WITH DIFFERENTIAL SYIFFNESS

RIGIO FURMAY OMAP LISTING
SERIES U

DISPLACEMENT APPROACH, Pl ID FORMAT Lo

406
o7
40
49
S0
51
52
53
54
55

56

57
58

59

60

61
62
63
64
65
66
ot
68

LEVEL 2.0 NASTHAN UMAP COMPILER - SUOURCL LISTING

W

LABEL

J

cHXPNT

00

CHKPNT
LABEL
PARAM

Pé&

0

SAVE

y

PURGE

CHCPNT

!

JUNP

LABEL

00

(414

SAVE

00

BGPOT,CSTMIEQEXIN MG /U PHG/V (¥ yGRUPNT/C oYy WTNASS &

QP uGryees// 8

LBLlI

KGGX o KGG/NOGENL 8

KGG §

LaL 1E,NOGENL 8

GElsKGORK/KGG/ Vo Ny LUSET/ZV o NoNUGENL/V  NyNOSIMP §

KGG §

LeLl ¢ K

J70 N MPY/V N NSXIP/CoNyO/CoeNyO 8

CANECC o LEUMAEQEX LN, STLeuPOT BGPUTWCSTM/RGoYS\USET g ASET/ZV N,
LUSET/VINJMPLFL/V NogMPCFZ/VyNoSENGLE/V (N OMLIT/V (NyREACT/V, N,
NSKIP//yNyREPEAT/V N NUSE T/VoeNyNCL/VeNINUAZCoYSUBID §
MPCFLoMPLF2,)SINGLE yUMI T, REACT JNSKIPJREPEAT ¢NOSF1 yNOLyNOA §
ERKRUR 5,NUL §

GM/MPCFL1/G0UK004L0O0, PO,UUOVRUOV/OMIT/ PS oKFS4KSSy QG/S INGL E/
UBUJV/0MIT/YB SoPD S KBF SoKBSS)KUF S9KUSS/S INGLE &

GMeR G950 ¢ KOO, LUC, PO UBUV ¢RUDV 1 YS o PS o KFS s KSS ¢USET 4 AS ET, Vusoov,
YBSsPBS)KBF Sy KBSSyKUFSKDSS,UG §

LBLGD,REALT B

ERKOK 2 §

LBL4D 8

LBL 4, GENELS

GPL ¢y uP ST USET o SIL/QGPST/VoN,NOGPST 8
NOGP ST ¢ ¢
LBL4,NUGPST 8

0GP STyreee// 8

3.272-3 (9/30/78)

g o o o e - i

e wddihs



: ~:r~:ww-’ﬁ

RIGID FORMATS

RIGIO FIRMAT DMAP LISTING
SERIES U

OISPLACENENT APPROACH, RISID FORMAT Jo
LEVEL ¢.0 NASTRAN OMAP COMPILER - SOURCE LISTING

69 LABEL LBL4

10 KGGoKNN/NPCFL 8

J

Tl CHxPNT KNN §

12 LBLZyMPCF2 8

.

] CEl USETRG/GM 8

)

16 CHRPNT (e I )

15 USET o0MoKGG 90 o /KNN 9o o &

i

16 CHKPNT KNY §

T? LABEL LBL2 ¢

)

18 KNNoKFF/SINGLE
79 CHKPNT KFF §
80 ND LBL3,SINGLE §

8l CEl USET o KNN g9 o /KFF yKF S4KSSp9y §

08

82 CHKPNT KES)KSSIKFF &
83 LADEL LBLI §

04 KHF KAA/OMIT 8

]

85 CHKPNT  KAA §
86 (COND D LBLS.OMIT §

a7 USET oKFF oy 9/G0sKAA X000 sk 00000900 8

Wiy

68 CHKPNT GUKAA,KOD,LI0 8

89 LAREL LeLs »

d

90 KAA/ZLLL

91 CHKPNTY LeL s

y

92 SLT BGPOToLSTMySILESTMPTGPTT JEDY 4MGGCASECC, OLT/PGNA / VN,

LUSET/CoNyL 8
93 CHKPNT PONA &

3.22-4 (9/3c/78)
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STATIC AEROTHERMOELASTIC ANALYSIS WLTH DIFFERLNTIAL STIFFNESS

A1GID FORMAT OMAP | ISTING
St~'€sS 0

DISPLACEMENT APPRUACH, RIS IU FORMAT L6

v
95
9

s?
98
99
100
101

102

115
lio

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

PARAM

iy

ConoD
PARAN
COND
GP)

CHKPNT

)

SG1

CHAPNY

)

LABEL

:

CHKPNT

]

CHKPNT

—"
COND

Y

CHKPNT

LABEL

i

SAVE

CHKPNT

V

Z7/7CoN oAND /ZVeNJALOAD /V VY ,APRESS /ZV Y, ATEMP 8
NUAL JALUAD 8

CASECCy s EQEXING 9ALGOB s, 7 CASECCAL ¢GEOMIAL /SoV oAPRLSS/S oY,
ATEMP 7L oN9= L/7C o No =1/ VoY I PRTICI/S oMy IFALL 8

FINIS IFALIL B

J/CaNQAND 7V M ALOAD /V .Y, APRESS /V Y, ATEMP §
NGAL , ALOAND 8

GLUM3AL,EQEXINoGECM2 /SLTAL 4GPTTAL / VN NOGRAV 8
SLTAL.GPTTAL

SILTAL UGPOT o2 STMySILESToMPT,GPTTAL 4EUT MGG CAS ECCAL,ODIT /
PGAL 7/ VN LUSET 4 C Nyl 8

PGAL & '
PGNAPGAL /7 PG 8

NUAL §

PGNA,PG/ALOAD §

PGS

PGoyPL/UIUSET B

PL

LBLIONOSET §

USE T GMYSoKF S9GO 4y oPG/sPUIPS,,PL &
PO SPL §

LBL1O §

LLL yKAA PLLOUKOGPO/ULV,UDDY JRULVRUDV/V ¢ NyOMIT IV oY o [RESS -1/
CeNo L/VINIEPST 8

EPSL 8
ULV, UGUVRULY JRUDY §

LBL9)IRES §

3.22-5 (9/30/78)
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RIGID FORMATS

RIGID FIRMA( UMAP LISTING
SERIES O

OISPLACEMENT APPROACH, RIS ID FCRMAT 16

1ie
119
120
121
122
123

1264
125
126
127

128

129
130
131
132

133

NERY
135
136
137
138
139

140

LEVEL 2.0 NASTRAN DMAP CUMPILER - SOURCE LISTING

0

LABEL

y

CHKPN Y

y

PARAM

N

SAVE

o8

SAVE

J

L ABEL

00

CHKPNT

90

LABEL

PARAM

PARAMK

GPLWUSET SIL RULV/Z/C oNoL 8

GPLOUSETSIL,RUUV/Z/C 4NV §

LoLe s

USET o gULVoUDDI Vo YS 9GO sGMiPS)KFSoKSSs/7UGV s PGl o QG/ CoNe L/CoNsDSO 8
UeV.dG 8

CASECC ,CSTMMPT DI T,EQEAIN,SIL,GFPTT,EDT,BGPOT ,9QGUGVEST 0 PG/
OPGLiONGL20US VI LUESL (OEFL +PUGVLIZCoNyUSO 8

J/7C o 4o MP Y/V N CARDNO/C oNoO/C oNoO
JUGVL,0PGL1,0AG L yUEF L yUESL »//VeNsCARONO 3
CARDNL §

P2yJUMPPLUT §

PLYPAR ,GPSETS ¢ELSE IS)CASECC ¢BGPOT yEQEXINSIL,PUGVLEy ¢GPECT,0ESL/
PLUTX2/VoNINSIL/V Ny LUSE T/VNoJUMPPLAT/V yNsPLTFLG/V e NsPFILE 8

PFILE 8
PLOTX2/7 &
P2 &

ECTIEPT,BGPDT oSIL yOPTTCSTM/XL 1 X2 ECPT 4GPCT/VoNoLUSET/ V4N,
NUSIMP/C yNgO/ VaNoNUGENL/VoNoGENEL §

CASECC)GPIT SILIEDTLUGVCSTM MPTLECPTGPCT,DIT/KDGG/ VN,
DSCOSETS

KJGG $

NUALO+ALOAD §

PNA,PS 8

NOALO $

//7C N yADD/V N ¢ SHIFT/C oNy=1 7C ¢ NyO 8

7/CoNADD/V N sCOUNT/ VN ALWAYS==L/VyNeNEVERs | 8

770N (ADD/ZV N JUSEPSI /C yN9 0. 0/CyNy0.O 8

3.22-6 (9/30/78)
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STATIC AEROTHERMOELASTIC ANALYSLS WITH DIFFERE- 1AL STIFFNESS

RIGID FORMAT OMAP LISTING
SERIES O

DISPLACEMENT APPRUACH, RIGID FURMAT Lo

141
142

143

144
165
166
147
148
149
150
151
152
153
154
155
156
157
158
19
160
161
162
163
164
165

LEVEL 2.0 MASTRAN UMAP COMPILER - SOURCE LISTING

PARAML VS//7CaNoNULL/C oNo/CoNo/C oNo/V N NOYS §
QUTLPTOP §
UutLPTOP

080

Qulv PGIPGL/NUYS §
ChKPNT PGL §
PARAM F7C N KLOCK, ViN,TO 8

Qulv KDLG o KONN/MPCF2 8

.

CHKPNTY KOMN §

y

COND LBL2OMPCF2 8

‘

y

USET ,GM yKDGGy o9 /KDNNy oy 8
CHKPNT KONN §

LABEL LBL2D 8 )

:

KUNN KDFF/SINGLE 8
CHCKPNT KOFF §

LBL3DsSINGLE

0

USET KONN o/ KDFF ¢KDF SoKDSSe s §
CHKPN T KDFF 4 KDF S9KD>S §
LABEL LBL3D §

KOFFKDAA/OMI T §

]

CHKPNT KCAA
LBLSD,OMIT 8
USET,GOKDFF/KDAA §

98

CHKPNT KDAA ¢
LABEL LELSD ¢
KAA(KDAA 7 KBLL 7 CoNylLle0¢0.0) / VyNJCSIGN 8

y

3.27-7 (9/30/78)
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RIGID FORMATS

2 RIGID FNRVAT NVAD LISTING
‘ SERIES O
' OISPLACEMENT APORNACH, RIGIND FCRMAT 16

LEVEL 2.0 WASTRAN DVAP COWPILIR - SOUPCE LISTING

166 €@0_ D
167 @0
169 @vaoD
179 @van)
i @Ced
172 €QuUlv
173 cone
174
©115 LaBfL
176 0D
177 @UIVD
178 LABEL
100 Gry D
R U TXT®)
182 SAve
183 CHKPNT
186
187 CRBELD
188 P AF A4
189 €OND_D

e
.

g

s

i
b
L
b

KF34KDFS/ MUFS /7 CoNyllod9de0) 7 VoAICSIGN §
KECyKDSS/ XBSS 7 CoNollodeQcD) 7 ViNsCSION B
PGIK WNOYS 8

KASSy¥Sy /PSS /T oNyO/CaNyL/CoN I /C oMyl 8
KOFSoVSy /PFS/C 4 400/C 4Ny 1/7C o NoL/CoNy) 8
LSET PFSPSS/PR/C oNGN/CoNoF/7CoNyS 8
PNLPIX/MPCF2 ¢

LBLEN ,4PCF2 8

USEY 4PNy /PGX/T g NGO/ZC o NoN/CohogM 8

LBLSs" 8

P5442G/95G /0 ¢Ne(~-1.0,0.0) §
PGRyPGL/7ALWAYS 8

PGNX 3

P31, /6007 b

UGv 7 AUfRV §
KBLL/ZLRLL/VyNPNRER/ZV,N,NET §
PET.PCwTR §

LOLL 8

F/0. 011 4CIC W NyDET 8

77048 40/C o NyPCWER 8

INLPYCP 3

INLPICP §

TIC N KLECKZ VN, T 8

NOAL L ALCAD 8

CAGPCCIFDT FQE X NJAUSY  ALEL Y, CSTM RAPNT /7 (ASECCA CEOM2A /S,Y,
AOREGS /S Y ATFWMP/C yNo=1/C yNo=1/V Yo IPRYCL/S Ny JFLIL/V,YSICN/V,

3.,22-8 (9/30/78)
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STATIC AEROTHERMOELASTIC ANALYSLIS WITH DIFFERENTIAL STIFFNESS

RICIC FURMAT UMAP LISTING
SERIES D

DISPL*TEMENT APPROACH, RIGID FORMAY 16

191
192
193
194
195

196

1s?
198
199
200
201
202

203
204
205
206
207
208
209
210
2t
212
213

LEVE. 2.0 NASTQRAN UMAP COMPILER - SOURCE LISTING

!

P ARAM
PARAM
COND
GP3

;

ADD
LABEL
EQUIvV
CHRKPNT

SG¢

;

$8G3

SAVE

CHKPNT

iy

LABEL

]

CHKPNT

90

L ABEL

y

]

YolOR IGN/V oY FXCO™: . ». Y )F YCOOR/V Y ,FICCOR §

DONE IFAIL 8

F7CoNMPY /Vo Yy IPRICL /L NyO 8

//CoNAND /VeNoALOND /VyYoAPRESS /V,Y,ATEMP §

NOAL 1,ALOAD § )

GEOM3AEQE XIN yGEUM2/SLTA JLPTTA/V Ny NOASL/VyNeNUGRAV/V o N9 NOATL §

SLTAGBGPOUT CSTMoSILIEST MPT GPTTALEOT yMGG4CASECCAL,DIT /7PGA /V,
NoLUSET /CoNo LS

PGl yPGA / PG2

NUALL 8 .
PGlyPG2 / ALUAD §

PG

USETyGM Y5y KIFSGUoPG2 /,PBO,PBS,PBL §

LBLL.KGLL.?BL (X ./WLVQt“U“LV!/C ON.'I,VOY.lRESIv0~'~°s‘lpIVO Nl
EPST ¢

EPSI

Udl VyRUBLV §

LBLIIJIRES §

GPLyUSET,SIL,RUBLV//CoNsL 8

LOL9D 8

USETy o ALV oY SeGD oGM sPDBS 9 KBF S oKBSSy7/UBGV 9 0 QBG/ CoNoL/CoNyDSL
UBGV 0BG 8

NUAL 2,AL0AD §

UBGVAUGY &

NOAL 2 §

VBV UGV/DUGVY /C oN 9 (-1.0,40.0)

3.22-9 (9/30/78)
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RIGID FORMATS

RIGID FORMAT DMAP LISTING
SERIES O

DISPLACEMENT APPROACH: RIGID FORMAT L&

214

215
216
211
218

219

~N
~
(=]

221
222
223
224
225
226
2217
228
229
230
231
232
233
234
235
236
231

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

!

CHXPNY

PY A0
S——

04

ACC

:

SAVE

C
-—

9050500

LABEL

DD

y

CHKPNT

J

CHKPNT
LQUIV
REPT

ABP T

999

LABEL

P ARAM

|

3 A Y T

CASECCIGPTToSIL EDToDUGV sCSTMMPTECPT,GPCT (OIT/ZIKDGG/V N,y
OSCOSET 8

OKDGG 8
DKUGLG UGV PGO/PCIL/C o NoeO/CoNgL /CoNol/CoNyl &
PGIL,FGA 7 PSI12 §

PG2,PGL2,UBGY //C +YsEPSIO=1.E~S IVvNodSEPSl / CoYoeNT=10 /Vo Ny
TO ZVoN  TI /VeNDONE /VoNeSHIFT /VNyCCUNT/CoY,BETAD=G §

OSEP SToJONE ¢SHIFT 4COUNT &
DONE » UONE 8

SHIFT SHIFT §

PL,PUL/NEVER 8

PGIL1sPOGL/ALWAYS §

PGLl,PGIL/NEVER §

INLPTUP, 1000 §

PLILIHGL PGy /7 B

SHIFT §

OKDGGyKUGG/KIGGL/C yNg(~-1.0,40.0) §
KOLGL 8

UBGV, USV/ALWA YS/KDGL 1 4 KOGG ZALWAYS 8
KULGG o
KOGGeKIGGL/NE VER/ LGV UG V/NE VER  §
QUTLPTIP 41000 §

KOGG LeKDGGI UG Ve /7 8

DOvE §

[/CyNNOP / VY KTOUT==]1 $

JNPK TOUTKTOUT $

3.22-10 (9/30/78)
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STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL SYYFFNESS

RIGID FURMAT OM/? LIS ING
SERIES O

DISPLACEMENT APPRUACH, RIG IO FORMAT 1o
LEVEL 2.0 NASTRAN UMAP COMPILER ~ SOURCE LISVING

238 KGG1KOGG / KTUTAL 7 CoNe(1o040.0) / VoNsCSIGN
] 239 KI0TALysoy // Co¥oLOCATION==1 / C,Y,INPTUNITS0 §
: 240 iw' teee /7 ColNg=3 7 CyNyO §
’ 241 UABEL  JNPKTOUT 8
)

242 CHKPNY CST™ 8

CASECC,EDT,EQEXIN,\GV,ALGDDB CSTM, BGPDT / CASECCBIGEUMIB /CyNy 1
“L/CoNe=1/VoY s STREANML/V Y PGECH/V Yo IPRTCF/S Ny LFAIL/V. Y SLGN/
V0 LORIGN/Vy ¥oF XCUUR/Vy Y oF YCOOR/V¥Y,FICCOR §

b 243

@& >
246 (BUKZ D CASECC/CSTMMPTILT,EQEXINGSTLIGPTT EOT BGPOT 49 QBGIUBGY 4 EST 0 /s
: 0QAGL,0UBGVE, O S8 1 JOEFBL ,PUBG VI /C,N,DS1 $
rv 245 OULGV1104BGLoOEFB14OE SBL s //ViNyCARDNG $
‘ 246 SAVE CAKUND 8 :
247 GELKL D USET,PG2,USLV ,sYS4GOsGM,PBSIKBF SsKBSS s / AUBGY y APGG4AQBG /CoNs
I /CiN,DSL 8 :
248 CASECCAUBGV, KELM KDIC T,ECT JEUE XINJGPECT s APGG4 AQBG /UNRGY L,
OGPFUL * CoNySTATICS §
249 (OFP ONRGY L+OGPFBL e 99y 7/ 8
250 P3,JUMPPLOT §
251 PLTPAR/GPSETS1ELSETS,CASECC BGPOT,EQEXINISILIPUDGYL 4o GPECT,
CESH L/PLOTX3/ Vo N NSIL/VINGLUSET/V Ny JUNPPLOT/ VY No PLTFLG/V N,
PEILE +
252 SAVE PFILE §

d

253 (PRTMSG PLUTXI// 8

254 LABEL Pl

; 255 QUNP_ D FLIIS S
! 256 LABEL  ERRUR1
o 257 F1CIN 4= LIC Ny DT FF STIF

258 LADEL ERROR 2 §

259 170N~ 2/CyNyOLFF STIF 8

;

[ ——
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2 RIGID FORMATS
RIGIO FORMAT DNAP L1STING
[ SERIES D
E 3 VISPLACEMENT APPROACH, R1G 1D FORMAT L6 |
: LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING
t ]
i 260 LABEL  ERROR4 §
261 @RIPARD //0,N4-4/CN,OLFESTIE 3
l 262 LABEL  EWRORS §
' 263 @RTPARD //CoN o= S/CNIOIFF STIF 8
i 264 LABEL  FINIS 8
| 265 END s
‘ ¢ONO EKRORS FOUND - E XECUTE NASTRAN PROGRAMS®
)
]
P
' ,
i
;
’ (:‘
? .
1
. ;
¢ ;
?
[ E
|
ﬁ
r
R
-l
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STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERERTIAL STIFFNESS

3.22.2 Description of DMAP Operations for Static Aerothermoelastic Analycis with

2.

1.
12.
4.
17.
18.
20.

23.
27.

29.
33.

36.
37.
40.
4.
44.
45,
46.
47.

49.
51.
52.
56.

DY¥Terential StifTness

GP1 generates coordinate system transformation matrices, tadbles of grid
point locations, and tables for relating internal and external grid point
numbers.

Go to DMAP No. 256 {f no grid point definition table,

GP2 generates Element Connection Table with internal indices.

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

Go to DMAP No. 2! 1f no plot package s present.

PLYSET transforms user input into a form used to drive structure plotter,
PRTHSG prints error messages associated with structure plotter,

Go to DMAP Mo. 21 {f no undeformed structure plot request.

PLRT generates all requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed plot
generated.

GP3 generates Static Loads Table and Grid Point Temperature Table.

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

Go to DMAP No. 256 and print error message {f no structural elements.

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

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

EMA assembles stiffness matrix [K;9] and Grid Point Singularity Table.
Go to DMAP No. 43 {f no mass matrix Is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 48 {1f no weight and balance request.

Go to DMAP No. 260 and print error message {f no mass matrix extists.
GPWG generates weight and balance information.

PFP formats wefight and balance information and places it on the system
output file for printing.

tEquivalence [K;g] to [qu] i1f no general elements.

Go to DMAP No. 54 if no general elements.

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

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

forms multipeint constraint equations [R_J{u_.} = 0 and forms enforced
displacement vector (Ys). 9 9

3.22-13 (9/30/78)
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RIGIO FORMATS

§8. Go to DMAP No. 262 and print error message {f no independent degrees of
freedom are defined.

6. 30 tgngAP No. 63 {f no free-body supports supplied, otherwise go to OMAP
0. .

64, Go to DMAP No. 67 if general elements present.
65. GPSP determines if possidble grid point singularities remain,
67. Go to DHAP No. 69 1f no Grid Point Singularity Table.

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

70. tquivalence [qu] to [K"n] {1f no multipoint constraints.

|

)

; ; 72. Go to OMAP No. 77 if MCE1 and MCE2 have already been executed for current
set of multipoint constraints.

]

73. MCEY partitions multipoint constraint equations [Rg] . [Rm:Rn] and solves
for multipoint constraint transformation mateix [Gm] = -[Rm]"[kn].

[i ' K-:]
and performs matrix reduction

[Kppd = (R, ¢ (6]10K,,0 + XY 206, + (610K, 106,
78. Etquivalence [Knn] to [Kf'] if no single-point constraints.

: 75. MCE2 partitions stiffness matrix

- e T

80. Go to DMAP No. 83 if no single-point constraints.
81, SCE) partitions out single-point constraints.

(Kppd = -+ —
! 83. Equivalence [Kff] to {Kaa] if no omitted coordinates.

86. Go to DMAP No. 89 1f no omitted coordinates.
F 87. SHMP) partitions constratned stiffness matrix

R -1
solves for transformation matrix [Go] -[Kool [Ko.]

and performs matrix reduction [Kaa] . [i..] + [Kg‘][GO].

3.22-14 (9/30/78)
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96.
102,
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114,

STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

RMBG2 decomposes constrained stiffness matrix [x‘.] . [t‘l][U.l].

$SG) generates non-aerodynamic static load vectors (PZ‘).
Go to DMAP No. 105 {f no aerodynamic loads.

ALG generat2s aserodynamic load data.
S5G1 generates aerodynamic load vector (P;).

Add (P:A} and (P:) to form total load vector (Pg}.
Equivalence (Pg) to (P=A) {f no aerodynamic loads.

Equivalence (P9) to (P.) 1f no constraints applied .
Go to DMAP No. 113 if no constraints applied.

$SG2 applies constraints to statfic load vectors

Pn

5 verel
(Pg) » l;~ N N N CR I {38 LI I
m

P

f -

(Pn} b ‘;“ " (Pf) b (P,)-[Kfs](Vs) »
\ $

p

¢ 1

(Pe) = 4— and (P} = (P)e[G]](P )

Po

$SG3 solves for displacements of independent coordinates
-1
(“1) - [K‘.] (Pl} ’

solves for displacements of omitted coordinates

0) . -1
(uo) [KooJ (Po} ’
calculates residual vector (RULV) and residual vector error ratio for
independent coordinates
(6Pl} . (Pl) - [K..](“l)
(uI)(éPl)
Cl.
T
{(PgHuy}

and calculates residual vector (RUPV) and residual vector error ratio
for omitted coordinates

. [ ]
i80,) = (Pg) - [Kog(ul} ,
(ud}(eP )
CRNTIITIY)

o’ 'Y
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117. Go to DMAP No. 120 1f residual vectors are not to be printed.
118. Print residua) vector for independent coordinates (RULV).
119, Print residual vector for omitted coordinates (RUPV).
121. SDR) recovers depend(at displacements
lug) = [6,0Muy) + (ud)
(
: - ) = (u,) -3 = {y_}
t n ’
Yo ’ 's
\
U"
(u') . (Gm](un}. = =) = (ug) '
u
m
\
and recovers single-point forces of constraint
. T
{ag) = -(P} [KggJlug) » [Kss}{vs).

122, SOR2 calculates element forces and stresses (PEFY, PESY) and prepares load
vectors, displacement vectors an¢ single-point forces of constraint for
output (PPG1, PUGVI, PUGVI, POGT).

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

127. Go to DMAP No. 131 if no static deformed structure plots sre requested.

128, PLPT generates all requested statfic deformed structure plots.

! 130. PRTMSG prints plotter data and engineering data for each deformed plot
generated.

132. TA) generates element tables for use in differentia) stiffness matrix

| assembly,
} 133. DOSMG) generates differential stiffness matrix [K:g].
: 135. Go to DMAP No. 137 if no aerodynamic loads.
136. tEquivatence (P:A) to (Pg) to remcve aerodynamic loads from total load
vector before entering =i1*ferential stiffness Yoop. New aerodynamic loads
; will be generated in Jou:.
b 142, Go tc next DMAP instriction {f cold start or modified r ‘art. PUTLPTPP
E i will be altered by tne Executive System to the proper ) fon inside the
(. ? Yoop for unmodified restarts within the Yoop.
- 143. Begtinning of cuter loop for differentia) stiffness iteration.
b
! 144, Equivalence (Pg) to (Pg) if no enforced displacements.
147.

PN g ey

oy g s g AR i T Lo e g dg TR et — -
Fi?g@» R T R S T S e T e RN R T s

Equivalence [Kgg] to [K:n] if no multipoint constraints,
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149.
150.

183.
155,
156.

159,
161.
162.

165.

166.
167.
168.
169.
170,
RAR
174.
176.
177.
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STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

Go to OMAP No. 152 {f no multipoint constraints,
MCE2 partitions differentia) stiffness matrix

d
nm
xd T @
Kan | Kan

x4 |
[Kd ] . nn K
99

and performs matrix reduction [Kg"] . [i:"] ¢ [G:](K:n] + [K:n][G.]
e (63063 306,).

Equivelence [K:n] to [Kgf] 1f no single-point constraints.

Go to OMAP No. 158 if no single-point constraints.

SCEY partitions out single-point constraints
d d
d Kff | ‘Ys
(Kpnd = = —+ —
X k9
st | s
gEquivalience [Kg,] to [Kg‘] i1f no omitted coordinates.
Go to DMAP No. 164 if no omitted coordinates,

SMP2 partitions constrained differential stfffness matrix

d
2 | %oo
and pe;forms matrix reduction [K:a] ] [K:'] + [K:‘]T(Go] + [Ga]Y[Kg‘]
d
+ [6,) [k 5106,].
ADD (K,,1 and [KY 1.cs16N to form [KD,].

an) [Ke,) and [K§ ].CSIGN to form (KB .
ADD [k ] and (K9 1.cS1GN to form (KD 1.
Go to OMAP No. 178 if no enforced displacements.
MPYAD multipty (KD ] and (Y ) to form (P ).
MPYAD multiply [KB ] and (Y.} to form (P, }.
UMERGE expand (P,s) and (Pss) to form (Pn).
UMERGE expand (P} to form (P).

X
ADD -(Pg) and (Pg) to form (ng).

Equivalence (ng) to (Pg)).
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184.
| 185.

186.

187.
189.
190.
191,

196.
197.
200,

202.
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ADD (Pg‘) and nothing to create (qu).
Copy (ug) to (u:) to initialize aerodynamic displacements,

RBNG2 decomposes the combined differential stiffness matrix and elastic
stiffness matrix.

by, b b
[Kggd = "Ly 0040
PRTPARM prints the scaled value of the determinant of the combined differen-
tial stiffness matrix and elastic stiffness matrix.

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

Go to next DMAP instruction {f cold start or modified restart. INLPTPP wil)
be altered by the executive system to the proper location inside the loop
for unmodified restarts within the l190p.

Beginning of inner loop for differential stiffness iteration,

Go to DMAP No. 194 {f no aerodynamic loads.

ALG generates acrodynamic load data.

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

$S61 generates aerodynamic load vector (P:).
A
ADD (Pg‘) and (Pg} to form total load vector (szl.

$SG2 applies constraints to static load vectors

(" b
pnl b -b T b
2! * 4_; R (pp) = (pg) + [6,)(py)

\pﬂl

" b)Y

(-4

ORI SV SR (ped = (5 - [xk§20v,),

hJ -/
w o -

(%) = L=} and  (pd) = (pd} « [6]1(p})

$SG3 solves for displacements of independent coordir tes for current differ-
ential stiffness load vector

b b 3-1,.0
whr o« (8,176}
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b 205.
&

206.
, 208.

S e T

’ 210.
21,
213,
214,
216.

el

AT I XA e

217,
218.
220.
221,

vE

222.

i

STAYIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

and calculates residual vecte. (RBULV) and residual vector error ratto for
current differential stiffnes; load vector

b b - b b
(6’.) L (P‘) - lx“](“‘) .

by (urTierd)
€ [ 4
L ehTWh) :

Go to DMAP No. 207 {f residual vector for current differentia) stiffness
sclution s not to be printed.

Print residual vector for current differeutial stiffness solution.

SD?I :ecovers dependent displacements for current differential stiffness
solution

b
b b ob ’t b
(uo) . [Go](“z) + (u° } o, —_— . (u,) .
b Yo
u
-% R0 B LS BN (8 [T B
Y
S
b
n e (u®
" (ug)
“m

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

By o (0P rerk® 1rubiory® 1/vb
(q‘) -(Ps)t[xs,](uf)0[K,f](Ys) .
Go to DMAP No. 212 {1f no serodynamic loads.
Equivalence (u:} to (u:) .
b d
ADD (Ug} and (Ug} to form (Ug) .

DSMG) generates differential stiffness matrix [6K: l.

9
MPYAD form load vector for inner loop {teration.,

R B
(Pg )* KGgliugheiPoy)

A
ADD (P ) and (P} to form (P_ }
in 9 952
DSCHK performs differential) stiffness convergence checks.
Go to DMAP No. 235 if differential stiffness fteration {s complete.

Go to DMAP No. 27 if additional differenttal stiffness matrix changes are
necessary for further fteration.

Equivalence breaks previous equivalence of (Pg) to (qu) .

3.22-19 (9/30/78)

T T T T Ty




T

~-3 %

pp—
TR T

223,
¢4,

27s.

226.
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234,
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239,
40,
243,

244,

245,

247.

248,

249,

250,

251.
283,

255,
257.

259,

RIGID FORMATYS

tquivalence 199") to {Pq,}.
Equivalence breaks previous equivalence of (’9‘) to (99!)).

Go to OMAP No iB7 for additfonal inner loop differentia) stiffness
iteraticn,

TABPT table prints vectors (P b, (P ‘). and (P ).
Imn 9 9
d

991’

b d d
Equivalence (Uq) to (Ugl and [Kgg‘] to [Kgg].

Equivalence breaks previous rjuivalence of (K:g] to [Kgg] and (Ug} to (u:).

d .4
ADD [axgg] and [quj to form [K

Go to DMAP No. 143 for additional outer loop differentfal stiffness iteration,
d
TABPT table prints [KgglJ- [KggJ and {U ).
Go to DMAP No. 241 {f the total stiffness matrix fs not to be saved on tape.
J

T .
ADD [Kggl and [Kgg] to form [KTOTAL)
OUTPUTY outputs [KTOTAL) to tape.
OUTPUTI prints the names of the data blocks on the output tape.

ALG generates final aerodynamic resul.!s and generates GRID and STREAMLZ bulk
data cards on the system punch, {f requested.

SDR2 calculates element forces and stresses (PEFBY, PESBY) and prepares

displacement vectors and single-pcint forces of constraint for output
(PUBGVY, PUBGV), QOBGY) for a)l differential stiffness solutions.

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

SDR) recovers dependent displacements after differential stiffness loop for
grid pouint force balance.

GPFDR calculates for requested sets the yrid point force balance and element
st-ain energy for output.

OFP formats the tables prepared by GPFDR and places them on the system output
file for printing. )

Go to OMAP No. 254 1if nc deformed differential stiffness structure plots are
requested.

PLPT generates all requested deformed differential stiffness structure plots.

PRTHSG prints plotter data and engineering data for ecach deformed plot
generated.

Go to DMAP No. 264 and make normal exit.

STAYIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERRPR MESSAGE NP. ) - NP
STRUCTURAL ELEMENTS HAVE BEEN DEFINED.

STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERRPR MESSAGE NP. 2 - FREE BPOY-
SUPPARTS NPT ALLPWED.
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STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS
261, STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERRPR MESSAGE N@, 4 - MASS
MATRIX REQUIRED FOR WEIGHT AND BALANCE CALCULATIONS.

263  STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERRPR MESSAGE HP, 5 - NP
INDEPELNDENY DEGREES OF FREEDPM HAVE BEEN DEFINED.
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3.22.3 Autonatlc‘OutpuL for Static Aerothermoelastic Analysis with
Differential Stiffness

The value of the determinant of the sum of the elastic stiffness and the
differentfal stiffness {s automatically printed for each differential stiffness
loading condition,

Iterative differential stiffness computations are terminated for one of five

reasons., Iteration termination reasons are automatically printed in an information

message. These reasons have the following meanings:

1. REASON 0 means the {teration procedure was incomplete at the time of extit.

This {s caused by an unexpected interruption of the fteration procedure prior to

the time the subroutine has had a chance to perform necessary checks and tests,

Not much more has happened other than to initialize the exit mode to REASON 0.

2. REASON ) means the iteration procedure converged to the EPSIQ value
supplied by the user on a PARAM bulk data card. (The default value of EPSIQ
1s 1.0E-5.)

3, REASON 2 means iteration procedure is diverging from the EPSIP value
supplied by the user on a PARAM bulk data card. (The default value of EPSIQ
ts 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 EPSIP is 1.0€-5.)

§. REASON & means the number of iterations supplied by the user on a PARAM
bulk 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 DPNE: -1 is normal; + N is the estimate of the number

of {terations required to achieve convergence.

3,22-22 (9/30/78)
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STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

2. Porauotcr'SHlFT: +1 indicates a return to the top cf the {nner loop

was scheduled; -1 indicates a return to top of the outer loop was scheduled

. following the current fteration,
3
Z 3. Parameter DSEPSI: the value of the ratio of energy error to total
E energy at the time of exit,

|

}
]
”K
J
[
]
1
4
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3.22.4 Case Control Deck DT! TVTable anc¢ Parameters for Static Aerothermoelastic
Rnalysis with Differenttal Stiffness

The following items relate to subcase definftion and data selection for
Static Aerathermoalastic Analysis with Differential Stiffness:

1. The Case Control Deck must contain two subcases,

2. A static loading condition must be defined above the subcase level with
a LPAD, TEMPERATURE(LOAD), or DEFORM selection, unless all loading is
spectflied by grid potat displacements on SPC cards.

3. An SPC set must be selected above the subcase level unless all constratnts
are specifted on GRID cards.

4. Output requasts that apply only to the linear solution must appear in the
first subcase,

§. Output requests that apply only to the solution with differential stiff-
ness must be placed in the second subcase,

6.

OQutput 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

input via data block ALGDB, This data block must be input using Oirect

Table Input (DVI) bulk data cards. For a detailed description of the

ALGDB data block input see Section 1,15.3.1 of the User's Manual.

3.22-24 (9/30/78)
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STATIC AEROTHERMOELASTIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

The following output may be requested for Static Aerothermoelastic Analysis with
Differential Stiffness:

1. Honzero Components of the applied static Yoad for the linear solution at

selected grid points.

2. Displacement and nonzero components of the single-point forces of con-
straint, with and without differential stiffness, at selected grid
points,

3. Forces and stresses in selected elements, with and without differential

stiffness.
4. Undeformed and deformed plots of the structura)l model.

GRDPNT - optional - a positive integer value of this parameter will cause the
Grid Point Weight Generator to be executed and the resulting weight and

balance information to be printed.

WIMASS - optional - the terms of the mass matrix are multiplied by the real

value of this parameter when they are generaied in EMG.

IRES - optional - a positive integer value of this parameter will cause the

printing of the residual vectors following the execution of SSG3.

CPUPMASS - CPBAR, CPRPD, CPQUAD), CPQUAD2, CPTRIAl, CPTRIA2, CPTUBE, CPQDPLT,

CPTRPLT, CPTRBSC - optional - these parameters will cause the generation of

coupled mass matrices rather than lumped mass matrices for all bar elements,

rod elements, and plate etements that include bending stiffness.

BETAD - optiona) - the integer value of this parameter is the assumed number of
{terations for the inner loop in shift decisions for fterated differential

stiffness. The default value is 4 {teratfons.

NT - optional - the integer value of this parameter limits the maximum number

of iterations. The default value is 10 fterations.
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EPSIP - optional - the real value of this parameter is used to test the con-

vergence of iterated differentia) stiffness. The default value s 10°%,

APRESS - optional in static aerothermoelastic analysis. A positive integer
value will generate aerodynamic pressures. A negative value (the default)

will suppress the generation of aerodynamic pressure loads.

ATEMP - optional in static aerothermoelastic analysis. A positive {nteger
value will generate aerodynamic temperature loads. A negative value (the

default) will suppress the gereration of serodynamic thermal loads.

STREAML - optional in static aerothermoelastic analysis. STREAML=! causes
the punching of STREAML) bulk data cards. STREAML = 2 causes the punching of
STREAML2 bulk data cards. STREAML=3 causes both STREAMLY and STREAML2 cards

to be punched. The default value, -1, suppresses punching of any cards.

PGEPM - optional in static serothermoelastic analysis. PGEOM=} causes the
punching of GRID bulk data cards. PGEOMe2 causes the punching of GRID,

CTRIA2 and PTRIA2 bulk data cards. PGEPM=3 causes the punching of GRID cards
and the modified ALGDB table on DTl cards. The default, -1, suppresses punch-

thrg of any cards.

I2RT - optional in static aerothermoelastic analysis. If IPRT > 0, then
intermediate print will be generated in the ALG module based on the print
option in the ALGDB data table. If IPRT = 0 (the default), no intermediate
print will be generated. (IPRTYCI, IPRTCL, IPRTCF)

SIGN - optiona® in static aerothermoelastic analysis. Controls the type of
analysis being performed. SIGN = 1.0 for a standard analysis. SIGN = -1.0
for a design analysis. The default is 1.0.

ZPRIGN, FXCPPR, FYCPOR, F2CPPR - optional in static aerothermoelastic

analysi{s. These are modification factors. The defauls are ZQRIGN =-0.0,

FXCOOR = 1,0, FYCOOR = 1.0, and FZCOOR = 1.0.
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STATIC AEROTHERMOELASIIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

KTQUT - optional in static serothermoelastic analyses. A positive integer
of this parameter indicates that the user wants to save the total stiffness
matrix on tape (GINO file INPT) via the OUTPUT) module in the rigid format.

The default is -1,

3.22- 27 (9/30/78)
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

3.23 COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

E S 3.23.1 DMAP_ Sequence For Compressor Blade Cyclic Modal Flutter Analysis
£ RIGID FORWAT UMAP (ISTING
b , SERLES O
) AERQ APPROACH, RIJIU FURMAT 9
LEVEL 2.0 NASTRAN UMAP COMPILER - SUURCE LISTING :

l

) :

i OPT IONS IN EFFECT* GO ERR=2 NOLI ST NOOECK NUOREF NOUS CAR

' 1 BEGIN AERO NU.S COMPRESSUR BLADE CYCLIC MOUAL FLUTTER ANALYSIS

i 2 FILE PHIML=APPEND/AJIL =APPENJI /F SAVE= APPENU/CASEVYs APPENU/ CLAMAL = :
APP END/UVGSAP PEND /QHL=APPEND § ;

GEIN L oGEUM24/GPLEQE XIN)GPUT yCSTHBGPUT SIL/VINILUSET/ VN,
NOGPOT

é

SAVE LUSET NOLPDT 8

EXKROR Lo NUGPODT §

e v &

CHKPNT GPLyEQUXINLGPOT,HL STMBGPOT,SIL &

T PURGE VIJE,D2JE/NO) JE 8

é

SLOM2 ) LQEXIN/ECT 8

9 CHxPNT ccr s

y

10 GEUM Sy LQEXINIGEQM2/GPTIT/VN)NOGRAY §

1l CHKPNT GPIT 8

d

12 Al ECTIEP T BGPDT o SIL suPTTCSTM/EST 4GEL (GPECT o/ V4 Ny LUSET/ VeNy
NUSIMP/ZC oN o1/ VeNJNUOGENL/VoNGENEL §

13 SAVE NUGENL + NUSIMP ,GENEL §

é

ERRUR 1 yNOSIM® 8

15 PURGE UGPST/ULENEL 8 P

? 16 CHKPNT  EST,GPLCT,GEL 4UGPST § ;
| LT PAREN  //CoHsADD/VoN oNUKGUX/C oNod /CoNoO 8 i
! 18 PARAM  //CoN,ADD/VN JNOMGG/C oNoL/CoN,O 8

19 PARAYL /7 CaNINOP / ViYeKGGIN=-1 8

/0 oNsAUD /VeNeNOKUG X ZCoNe=1 /C4NyO §

| 20 JMPKGGIN\KGGIN 8
|

2¢ QNPUTTD 7 KGUINyoao /s oY LOCATIUNS=1 /Co¥oINPTUNIT=O 8 3

3.23-1 (9/30/78)




T e

g2

e

_RLIGID FORMATS

RIGID FORMAT OMAP LISTING
SERIES O

ALRU APPRUACH, RIGID FURMAT 9

23
24
25
26

21
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4«2
«3
44
5
46

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

.

UiV
CHXPNT

LABCL

@

SAVE

CHKPNT

A

08

CHePNT

LABEL

i

CHEPNT
CUND

OPRG

00

\/I

UFP

LABEL

:

Qulv

CHKPiT

y

ALY)
ChHRPNT

LABEL

§

KGGINKGGK 8

KGGX 8

JMPKGGIN &

ESTCSTMMP T, G ITCEOM2 s /KELMoKDECT yMELM NDICT , o/ V NyNOKGGK/ V,
HaNUAGG/C oNo/CoaNe 7C o No /L s Y CUUPMASS/C o Yo CPUAR/C Yo CPROLY Lo,
CPIUADL/L, Y o2 PUUAD/C o YoLPTRIALZC, Vo CPTRIA2/CoY (CPIUBES €)Y,
CPQOPLTI/C Yoo PTRPLIZC ¥ CPTIRBSL &

NOKGGX NUYGG §

KELM KOICTMELM,MDIC T 8

JMPKGGA, NOKGS ¢ $

GPECT KUIC 1\ KELM/KGG X GPST §

KGGRGPST &

JUPKGGX §

ERRUR 1 4NUMGG 8

GPEC T yMOICT JMELM/MUG ¢ /C ¢ No=1 /C o Y WTHASS=1,0 8

MGG

LGP WG GROPNT 8
BOPOT,CSTMUEQEKRIN MGG FUGPHG/V oY GROPNT =320 Y WTMASS §

0P dGrrrrel/ §

LGPWG 8

KGGX ¢ KGG/NOGE NL 8

kGG

LBL11,NOGENL

GEL KGO X/KGL/ VNG L USET/VININOGENL/V 4N,NOSIMP §

KGG

LBLLL 8

CASECC/GEUMA, EQEXING SILIGPDT \BGPUTICST M/ RGy WUSET L ASET/ VN,

3.23-2 (9/30/78)
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

RIGIO FUORMAT DWAP LTISTING
SLRIES O

AERO APPRUACH, RIGID FORMAT 9
LEVEL 2.0 NASTRAN UMAP CUMPILER - SOURCE LISTING
CUSET/ViNIMPLFL/VNsMPLER/VoNeSINGLE/ VN UNIT/V oNyREACT/CoN,0O/
ViNIREPEAT/VoN NOSET/VNoNUL/V N NOA/C oY SUSID §
o1 SAVE MPCFLoSINGLEoUMIT REACT,NOSET (MPCF2 yRCPEAT  NCLoNCA 8

. &b PARAM F/7CeN NIT/ZV N JREACOATA /VoNsREALT §

b

4«9 ERRUR S,REACUATA 8
%0 PURGE GMy GAO/MPCH L/GUGOU/ONET/ZKES sQPC/SINGLE 8

51 QGPCYC GEUMGIEQEXRING USET /0 YCO/ VoYoCTYPE /7 VoNoNUGO 8

J

52 SAvVeL NUGU §
53 CHKPUT CvyCL ¢
54 LRRJIR 69 40GO §
55 QUi LBLe,uENEL §

56 PSP GPLyGPSTHUSET ¢ SIL/ZUGPST/V¢NyNOGPST ¢

iy

57 SAve NOGP S7 8

58 (CunUL LBL4,NOGPST §

0

59 F OGP STenseel/ 8

60 Lantt LoLe ¢

;

6l 'QU{Q KGGoXKNN/MPCHL /MGG ¢ MNN/MPCFL
62 CHKPNIT KNN¢MNN §

63 (CUNU D LBL2,MPLHL 8

o6

64 @CLL D USET,RG/GM 3
65 CHRPNT  GM 8

66 USET , CM o KGG ¢MGG 4 9 /KNNyMNN, o §

y

67 CHrPNT KNNsMAN
68 LABEL LoLe s

69 (twUlv KNNoKFF/SINGLE /MNN MFF /SINGLE 8

:

10 CHKPNIT KFEouFE

3.23-3 (9/30/78)
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RIGID FORMATS

RIGIU FURMAT DMAP LISTING
SERJES 2

AERY APPROACH, RIGID FURMAT 9

11
12
1
T4

16
n
18
19
80
81
82
63

84
€5
8o

87

1]
89
90

91

92
9

LEVEL 2.0 NASIRAN DMAP COvPILER - SOURCE LISTING

08

CHRPNT

LABEL

‘

CHEPNT

00

CHKPNT
MP2
CHKPNT

LABEL

)

SAVE

CUNV

590

SAVE

CHKPNT

!

LAV

SAVL

CHRPNTY

LBL 3oSINGLE 8

USET oKNN yMNNy o /KFF JKF Sy yMFF,, §

KEF KFSMEF B

LoL3 o

KEF- XAA/OMIT/ WFF JMAA/CHI Y &

KAA,MAL §

LBLS,UMIT &

USET o KEFpo o /GU9KAA yKCOLUU 90y 8

GO.KAA 8

USET ,GUyMFF /HAA §

MAA b

LBLS §

OYNAMICS,GPLy SIL USL T/GPLD o SILD USETOTFPOULs e s 090 EED,ECDYN/Y,
NoLUSET/VoNoLUSETO/VoNgdUTHL/VeNsNUOLTZV ¢Ny NUPSOL/V o Ny NOFRL /Y,
NoNONLET/VeNy NUTRL/V ¢NoNUEED/CoNe/VoNyNOUE §

LUSETUoNUUE ¢NULED 8

ERRIR 2yNOLED §

GOy GUU/NOUE /5 MyGMD INCUE 8

CYCOWKAAJMAA, yo /KKK gMKK go9 7/ CoNoFORE / VoY NIEGS=~] /V,Y,
KINDEX==) / VoY CYCSEQs~1 /7 Coliel /7 YyNyNOGQ §

NUGD §
KKK ¢ MKK §
ERKIR 64NOGU $

VKK g MKK g o gEED o ¢yCASECC / LAMK PHIK, +OELGS 7/ CoNyMODES /V4N,
NElIGY 8

NLIGY 8

LAMK PHIKsML,UEIGS 8

3.23-4 (9/30/178)
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSTS

RIGID FORMAT ONAP LISTING
SERIES O
AERU APPHUACKH, RIGID FURMAT 9

LEVEL 2.0 NASTRAN UMAP CUMPILLR - SOURCE LISTING

¥4 PARAM F7C N MPY /7 VoNCARDNDO 7 CoNeO 7 CoeNsO 8

95 <§"‘ D UEIGYLAMK 4 e /7 VeN,CARDNO 8
96 SAVE CARDNO 8
$T (Cunv ERAIUR 4 yNEIGY 8

30

S8 Yere CYCO o2 s PHIK LAYMK /oo s PHLALAMA /7 CoNBACK /7 VY NSEGS /VV
KINOEX /7 VoYoCYCSEQ 7 Congl 7 VyNNUGO §

99 Savl NOGD 8

100 CHxPNT LAMAPHIA 8

101 (EUND_D  ERRIRE,NUSO $

132 (sﬁﬁl 3 USET e oPtilhy oo CUeBMNpsRE D9 / PHIG s 7 CoNel /7 CoaNyRCIG 8

103 UR? CASECC o CSTHMPT DI T EQEXINGSI Loy oBGPOT JLAMA) ¢PHIGIEST o0 / o
OPHIGwes /7 CoNWREIG §

106 Q@QFP__ D 0PHIGi 4 10// VyN,CAROND 3

105 SAVE CARUNU §

100 QE:::::) EOTLZUSET BGPIT,CSTH,EQEXINJGHGO / AERO, ACPT (FLIST ¢ GT KAy PVECT/
VQN'VK/VQN.NJ/VQV.AIAHAL"/V'V'NA‘HACN/VOVQl“fF’V.'o“"PE’V.H'
NELGV/V, Y KINDEXS=] 3

107 Save NKeNJ

108 CnKPNT ALRDACP ToFLISToG KA PVECT 8
PHIAPVECT,y /7 PHIAKy 90 /7 CoNol
PHIAX MAAPHIAX g99 /7 MI 7 CoNeI/ZCoNJL/7CyNel/CoNeO/CoeNyl 8

CASECC MATPODL ¢EQDYN ¢ o TFPUCL/KZPP M2PP ¢B2PP/VoNoLUSETD/ Vo Ny
NUK2PP /V N ¢NIM2PP /Yy NoNUBLPP §

e

112 Ssavt KUK 2P P s NUM2PP yiNUB PP 8
L13 PURGE K 2D /NIK 2P P /M 20D /NIM2PP /8200 /N0B2PP 8

Gulyv M2PP 420D /NUSET/B2PP 48200 /NOSET/K2PP K201/ NOSET 8

-
-
&>

115 CrKPNT KPP (M2PP 4 2P P 4K20U,yM20D 48200

USETD G GO o o9 s K2PP ¢y MIPP ¢B2PP/ 4 4 9GMU GO0, K200y M20U¢82007C4 Ny

3.23-5 (9/30/78)
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RIGID FORMATS

F ' RIGLO FURMAT DMAP LISTING
‘ SERIES U

17

: | 119
120
121

ST -

122
123
124

125
126
127
128
129

130

131
132
133
134

135

By

136
137

SR e sy

AERD APPRUACH, RICID FORMAT ©

LEVEL 2.0 NaSTRAN UMAP CUMPILER - SUURCE LISTING

cent

)

SAVE
CHKPNT
PAKAML
PURGE

UND

:

SAVE

¢

PARAM

PARAM

UND

]

SAVLE

ATM >

.

LABEL

y

PARAM

y

SAVE

CMPLEV/C yN DIl SP/C oNoMODAL/C ¢ NgOo0/CoNg0.0/CoNeDO/V i NygNOK2PP/Y,
NoNOMZPP IV NeNUB2PP/VoNyMPCF L /V o NeSINGLE/V ¢ NoUMIT/V  NeNOUE/ (o
No=1/CoN =170 oNo=L1/C otie-1 §

K200M20D,8 220,600, M0 §

USETI PitIAKM] oLAMK D] T)M200,820D,K200,CASECC /7 MM, BHM KHH,
PHIDM /7 VoNNUUE/C VoLl MUVE S2999999/C oY o LFREQe0.0/Cy Yy HFREY= 0.0/
VeNaNUAZPP /VeNoeNDOB2PP/VaNoNUK2PP/V N NONCUP/ Vo i FNUDE/Co Y,
KDAMP:=-1 §

NUNCUP s FMIDE &

CHH SHH KM PHIDH 8

PCOB//C o NyPRE S/C oMo 2CoNy /0 oN9/VoNeNUPCDU 8
PLISEIX,PLIPAR ¢GP SETS,LLSETS /7 NOPCOUB o

P2, WUPCUB 8

PCUBEQUYNGEL T / PLYSETA PLIPAR,LPSETSELSETS /7 VeNNSILL /VoN,
JUMPPLUT -] §

NSIL L JuMPPLOT 8

PLYSETIX // 8

F/7C N MPY/ZV N (PLTFLG /C oN o1 ZC o Nyl 8
770 e eMPY/V N yPFILE/ZCoN40/CoNyO 8
P2,JUMPPLOT 8

PLTPAR yuP SETS ¢ELSETS (LASECCBGPOT yEQIYNy oo oo/ PLOTXLI/VeNeNSIL Y/
VeNsLUSET/VN yJUMPPLUT/ZV  NyPLIFLG/VN,PFILE ¢

JUMPPLUT,PLTF LG PFILL §

fLoTRl /708

P2 s

ERROR 2,NUEED §

J/C 040 AVD/V o NJODESTRY /C oNyO/C yNyl §

AERU ACP T/AJJL o SKJsD LUK DL IK/VININK/V Ny NI/ V,Ny DESTRY §

DESTRY ¢

3.23-6 (8/30/78)
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

RIGID FORMAT DMAP LISTING
SERIES v

AERD APPRUACH, RILID FORMATY O

138
139

140

141
142

143

152

154

156
157

158

159

160

LEVEL 2.0 NASTRAN DMAP COMPILER -~ SOURCE LISTING

CHKPNT

NPUT T

30

LABEL

PARAM

N

SAVE
CHKPNTY
FARAM
PARAM
PARAY

ARAY

LAGEL

080

SAVE

Cean

f

SAVL

N

008

SAVE

y

AJJL SKJ 01X ,D2JK §
NUDJE JNUDJE $

FOLIE4D2JE 5 00 /C oY oPUSI TI UNs=1/C s YoUNITNUM=1 L/ CoVoUSRL ABEL®
TAPEID

NOUDJC o
J/CoNJADD/V Ny XQHHL/C oAyl /CoNyO 8

AJIL g SKIJOLIK JD 2K 46 TKA y PHIDH DL JE1D2JE USETD AERD/ QHHL,, QUIHL/V
NeNOULE/ZV N XQIL  §

XQiHL § .
QHHL ,QUML §

T/CoNg AP Y/V N oNOP /C o ho—-L /CoNyl 8

F7Co NQMPY/V M yNOP /CoNal 7CiNyl 8

F7C Ny MPY/V ol yNOH /C g N yO/CoNyl 8
7/CeNgMPY/VINFLOOP/ VYo NUDJE==L /CyNsO 8
LOUPTIUP

LUUPTUP ¢

KHHp 3 HH My JHUL gCASFCC o FLIST/FSAVE o XKXHH sBX MMy MK/ V N, FLOQP/Y,
NoTSTART §

FLUOP y TSTARY 8

KXHH, BXHHyMXI{H FED CASECC/PHIMN ,CLAMA,UCEIGS/VIN,EIGYS 8
EIGVS §

LOBLZAPLEIGVS §

LOL16/NUH §

CASECCEQUYN) USETD sPHIH ¢CLAMA 4 ¢ /CPHIH,/CoNyCEIGEN/ CoNyMODAL /C,y
Ny 123/VeNoNUH/V N NOP/Vy N, FMODE §

NUMNOP  §

LBLL6INDH §
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RIGID FORMATS

RIGIDO FURMAT OMAP L ISTING
SERIES U

AERO APPROACH, RIGID FURMAT 9

161
162
163

164

165
166
le?
168

169

177
178
179
189
81

182

183

lae

LEVEL 2.0 NASTRAN OUMAP COMPLLER - SOURCE LISTING

y

SAVE

LAUEL

Savi

CiPnT

.

LABEL

!

REPI

JUMY

]

LABEL
CHXPNT

PARAML

y

GTRD

SAVE

QGYeLaD
L AUEL

Gono >

CHCENT

OPHIHy oo 09/ /ViNLARDNO
CARDNU §
LBLl6 &

PHIMGCLAMAGFSAVE/PHIHL JCLAMAL yCASEYY sOVG/V N TSTART/CyV VREF=
1oO/C Y PRINT =VESB o

TSTART
PHIHL \CLAMAL,CASEYY,UVo §

CONTINUE , TSTART §

LBLZAP &

CON T ILUE +FLODP §

LOOPTOP,100 $

ERROR 3 §

CONTINUE 3

ove

XYCDB//C oNoPRE S/ «Ny /C yNo/CoNo/ Vo Ny NOXYCDB $

NOXYUUT ,NOXYCOB $

XYCOB yOVGy s es /KYPLICE/CoNyVG/CoNPSET/Vy NoPFILE/V oNoCARONO §
PEILE,CARUND $

XYPLICE// §

NOXYOLT §

£7C N o AND/V Ny PIUMP/ Vo Ny NOB==17""sNy JINPPLOT $

FINIS,PIUP §

CASEYYoCLAMAL ¢PHIHL yCASECC oo 7CLAMALL 4 CPHIHLCASEZLy s/Co Ny
CEIGN §

CPHIML,PHIDH/CPHID §

CPHID §

3.23-8 (9/30/78)
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS
RIGID FORNAT UMAP LISTING
SERIES D ;
ACRU APPROACH, R1GID FURMAT 9
| LEVEL 2.0 N2STRAN UNAP COMPILER - SOURCE LISTING
| 185 GQUIV D CPHID,CPHIP/NOA § ;
186 QUNU D LUL14.N0A § q
187 (GTKL D USETO4sCPHIDY 4 GUD (GHD ¢ oKF Sy o /CPHIP 1 1QPC/CoR oL/ Co Ny DYNANICS 8
188 LAUEL  LBLLG 3 :
189 CHRPNT  CPHIPUPC §
190 @QUIVD  (PHIVCPHIA/NOUE $ ‘
191 @ LBLNUE JNGUE 8 i
192 (VEC USETO/RP /C\NoD/C oN oA /C oNoE 8 .
} 193 GAKIND  CPHIU L RP/CPA LA 4y /C N oL /CINs3 $
'D 194 LABEL LBLNUE 8
195 CASEZZVCSTMMP T DL ToEQI YN, SILO s sBGPOT oCLAMALL 4 QPC, CPHIP, ESTy, /
UIP C 1 UCPHIP JUESCLoUEFLL  PLPHIP/CoNoCEIGN :
196 CHKPNT  PCPHIP 3 |
197 (OFP UCPHIP,UQPC 1, UESC 1 4UEFCL 4 477V oNoCARDNG §
! ‘ 198 (TOND P3,JUNPPLOT » 4
199 GLOT D PLIPAR,GP =TS (ELSETS,CASEZZ,BGPDT (EQDYNSTLDy o #CPHIP, o/ PLOTKD/
VINONSILL/ Y. LUSET/V Ny JUNPPLUT 7V NoPLTFLG/VyNyPFILE §
f 200 BRT43D PLUTXI// §
! 201 LaBLL P38
: 202 QQUNP D HINIS 3
203 LABFL  ERRORI 3
% 204 Q@RTPARD //CoNy= L/C N SUBSUN
- 205 LABEL  ERKOR2 § :
§ 2 200 /7€ o= 2/C oNyF SUB SCN 8
r ' 207 LABEL ERROR 3 8

208 RIPARK)  //CoN9g=3/CoNoeFSUDBSCN §

3.23-9 (9/30/178)
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RIGID FORMATS

RIGID FIRMAT OMAP LISTING
SERIES O

ACRO APPROACH, RIGID FORMAT 9

209
210
211
212
213
214
215

2106

LEVEL 2.0 NASIRAN OMAP COMPILER - SUURCE LISTING

LABLL  ERROK4 8

@RIPAKD)  //Cy.is- 4/CoNoFSUBSUN 3
LABEL  ERRORS §

/0 CaNg=4 £ o N(CYCHODES §
LABEL  ERROR® §

@RTIPAKD /7 Coly=5 / T oNoC YCHODES
LABEL FINIS 8

ENC s

eeND ERRIRS FOUND - EXECUTE NASTRAN PROGRAMee

3.23-10 (9/30/178)
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0.
12.

14,

20.
2.

22.

23.
26.

29.
30.
33.
34.
36.
37.
38.

40.
42.
43.
46.

49.

51,
54.

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

Description of DMAP Operations for Compressor Blade Cyclic Modal
utter Analysts

GP) generates coordinate system transformation matrices, tables of grid
point locations, and tables for relating internal and external grid

point numbers.

Go to DMAP No. 203 and print error message if no grid points are present.
GP2 generates Element Connection Table with internal indices.

GPJ generates Static Loads Table and Grid Point Temperature Table.

TAY 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
def ined.

Go to DMAP No., 25 if stiffness matrix is not user input.

Set parameter NOKGGX = -1 so that the stiffness matrix wil) not
be generated in DMAP No. 26.

INPUTT) reads the user supplied stiffness matrix from tape (GIND
file INPT),

1 X IN )
Equivalence [Kgg] to [Kgg]

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

Go to DMAP No. 32 if no stiffness matrix is to be assembled.

EMA assembles stiffness matrix [K;gJ and Grid Point Singultarity Table.
Go (o DMAP No. 203 and print error message if no mass matrix exists,
EMA assembles mass matrix [Mgg].

Go to UMAP No. 39 if no weight and balance request.

GPLUG generates weight and balance information,

PFP formats weight and balance information and places it on the
system output file for printing,

Equivalence [K;gJ to [Kgg] if no general elements,
Go to DMAP No. 45 if no general elements,
SMA) adds general e'ements tlo [K;g] to obtain stiffness matrix [Kgg].

GP4 generates flags defining members of various displacement sets
(USET), forms multipoint constraint equations [Rg](ug} = 0.

Go to DMAP No. 211 and p.int error message if free-body suppoits
are present.

GPCYC prepares segment boundary table.
Go to OMAP No. 213 and print error message {f CYJOIN data is {nconsistent.

3.23-31 (9730778
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At tacay

§5.
56.

58.
59.

6.

63.

64.

66.

69.

71.
72.

75.

77.

e s v a2 S S

v i

RIGID FORNATS

e i i .

Go to DMAP No. 60 {f general elements present.

GPSP determines if possible grid point s{ngularities rematin,

SR

Go to DMAP No. 60 {f no grid point singularities rematin.

ERSRS.S

PFP formats the table of possible grfd point singularities and places
f{t on the system output file for printing.

Equivalence [K_ ] to [K ] and [M__] to [M__] if no multipoint
constrafnts, 99 nn 99 nn

Go to NPMAP No. 68 if MCE) and MCE2 have already been executed for
current set of multipoint constrafints,

MCE! partitions multipoint constraint equations [Rg] = [Rn :R"] and
)
solves for multipoint constraint transformation matrix [GmJ =
-1
-[RG)7IR, ).
MCE2 partitions stiffness and mass matrices

fKnn I Knm Hnn Mnm
. -t - =
[Kgg] ! and [Mgg]
Ken 1 Kom Mon Mom

and performs matrix reductions

[Kppd = IR0 ¢ [Gg[K, ) + [K] 1[6,] + [6]1[K, I[G,] and

(M, ] = (R, 0+ [egdim 1« M 306 0 + [611(M (6,

Equivalence [Knn] to [Kff] and [Mnn] to [Mff] if no single-point

constraints,
Go to DMAP No. 74 if no single-point constraints.
SCE) partitions out single-point constraints.

]
Keg 1 Keg Meg Mes

|
; |
[K,,] = f--deom=e|  and R
[
|

[}
-

K 1 M
(]

sf $S

Kss "sf
Fquivalence [Kff] to [Kan and [Mff] to [M,,] if no omitted degrees
of freedom.

Go to DMAF No. 82 if no omitted coordinates.

3.23-12 (9/30/78)
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80.

83.

85.

86.

87.
90.
9.

95.

97.
98.

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

SMP1 partitions constratned stiffness matrix

Fod
[ J
-~
=~
L
-
‘

[K"] .

tad

]
I
!
--—-’.--‘
!
!
S

x
(-4
[ 4

. -1
and solves for transformation matrix [G°] —[Koo] [Ko.]

. pog T
and performs matrix reduction [K‘.J [K“] + [Koa][GoJ'

SMP2 partitions constrained mass matrix
["ff] ol

and performs matrix reduction
(M) = (B, ¢ M) 306,0 ¢ T610m  106,0 « [6]1M,,].

DPD generates flags defining members of various displocement sets used
itn dynamic analysis (USETD), tables relating internal and external

grid point numbers, including extra points {ntroduced for dynamic
analysis, and prepares Transfer Function Pool and Eigenvalue Extraction
Data.

Go to DMAP No. 205 and print error message {f no Eigenvalue Extraction
Data.

Equivalence [60] to [Gg] and [Gm] 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 error message {f CYCT2 error was found.
READ extracts real eigenvalues from the equation

[Kkk - kakJ("k) = 0 ’

and normalizes eigenvectors according to onc of the following user
requests:

) Unit value of selected coordinate
2) Unit value of largest components
3) Unit value of generalized mass.

PFP fcrmats 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 eigenvalues found,

CYCT2 finds symmetric components of eigenvectors from solution set
efgenvectors,

3.23-13 (9/30/78)
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R 4

(SN

ORI,
*

101,
102,

103.
104.

105.

109.

110.

[RR

114,

116.

RIGID FORMATS

Go to DMAP No. 213 and print error message {f CYCT2 error was found.

SOR1 recovers dependent components of the eigenvectors

(00) -

[6,2{e,)
(6)
(o)

£

- - {of) .

SDR2 prepares eigenvectors for output (PPHIG).

PFP formats tables prepared by SOR2 and places them on the system
output file for printing,

APDB processes the aerodynamic data cards from EDT,
reflect the aerodynamic parameters.,

AERO and ACPY

and GTKA is a transformation matrix between aerodynamic (K) a.d
structural (a) degrees of freedom.

PARTHN partitions the eigenvector into all

components.

SMPYAD calculates modal mass matrix

M1 = [6X37 [m,,] [62]

sine or all cosinc

2 2 2
T ! t . .
MTRXIN selects the direct input matrices [KppJ. [Mpp] and [Bpp]

PVECT 1s a partitioning vector

2 2 2 2 2 2
fquivalence ["ppJ to [Hdd]. [Cpp] to [deJ and [Kpp] to [Kdd] if no

no constrafints applied.

GKAD applies constraints to direct input matrices [Kgp]. ["ipj' and

(n?

forms [Gmd] and [God]'

3.23-14 (*/30/78)

e i

dd}' and [Bgd] (see Section 9.3.3 of the Theoretical Manual) and




i

1

|

123,
124,

126.
129,
130.
132.

134,

136.

139,
f 140.

118,

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

GKAM selects etgenvectors to fornm [‘th and assembles stiffness, matrices

and damping matrices in modal coordinates:

[Khh] * [!6',;8- + [.:h][x:d](.dh] D

Mppd - [g(‘)‘fo ¢ Log M3 eg)

0]
b1 :0] T rn?
LY [‘0'?0_ ¢ lognlBgallegy)
where
KDAMP « ) KDAMP = -1 (default)
my - modal masses myo- modal masses
bi . m‘ an f‘g(f‘) b1 =0
H ? 2
k‘ ., 4n fi ky = (l'(q(f‘)) 4n f‘ﬂi

Go to DMAP lie, 133 if no plot package is present.

PLISET transforms user input into a form used to drive structure
plotter,

PRTMSG prints error messages associated with structure plotter.

GO to DMAP No. 133 if no undeformed aerodynamic structure plot request.

PLPT generates all requested urdeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed
aerodynamic plot generated.

Go to DMAP No. 205 and print error message if no Eigenvalue
Extraction Data.

AMG forms the aerodynamic materix list [AJJJ' the area matrix [Skj]'

and the downwash coefficients [D;k] and [D;k].
Go to DMAP No. 141 {if no user-supplied downwash coefficients.

INPUTT2 provides the user-supplied downwash factors due to extra
1 ]
points([DJe]. [Dje])‘
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143,

149,
150.

151,
182,

ANP computes th
coordinates as

RIGID FORMATS

e aerodynamic matrix Yist related to the modal
follows:

Yt i %e
lognd =|--- %“" (64 = [65,700,¢]
et ! Yee
(04) « [0, | 0,1 [0y = 10},276,,)
(03,0 « [03, | 0,3 033 = 13,176, ]

For each (m,k) patr:

[0,

for each group:
[0,
[0y,
[Qgp)

[e,,)

[D,4] + 1k[D,}]

[A3,0" o roup [04n) aroup

[5y,3005,)

[6,,1'10,,)

QU
oeh

L 4

PARAM initializes the flutter loop couter (FLPPP) to zero.

Go to next DMAP instruction {f cold start or modified restart.
LOPPT@P will be altered by the Executive System to the proper

location inside the loop for unmodified restarts within the loop.

Beginning of loop for flutter,

FA1 computes the

total aerodynamic mass matrix [M:hJ. the tota!l

aerodynamic stiffness matrix [K:h] and the total aerodynamic
damping matrix [B;h] as wel) as a looping table FSAVE. For

the X-method

Mpp = (R3/B7)M 0+ (0/2) Qpy o

X
K *
l -
8hn

Knh '
0

3,23-16 (9/30/78)
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

154, CEAD extracts complex efgenvalues from the equation
?
(MhnP" ¢ Bppp ¢ Kppllep) = 0

and normalizes eigenvectors to unit magnitude of largest component.

%
¢
|
3

N
o 156. Go to DMAP No. 168 if no complex eigenvalues found.
- 157. Go to DMAP Nu. 163 if no output request for the extra points {ntro-
* duced for dynamic analysis or modal coordinates,
158, VOR prepares efgenvectors for output, using only the extra points
introduced for dynamic analysis ard modal coordinates,
E 160. Go to DMAP No. 163 {f no output request for the extra points
‘ % introduced for dynamic analysis or modal coordinates.
i; ‘ 16} PFP formats eigenvectors for extra points {ntroduced for dynamic
analysis and modal coordinates and places them on the system output
| file for printing,
L ‘ 164, FA2 appends efgenvectors to PHIHL, eigenvalues to CLAMAL, Case Control
to CASEYY, and V-g plot data to @VG.
1 167, Go to OMAP No. 172 if there is insufficient time for another ‘
flutter loop. :
;
} 169.  Go to DMAP No. 172 if flutter loop complete. ?
! 17, Go to DMAP No. 207 for additional aerodynamic configuratfon triplet
values.
175. Go to DMAP No. 179 if no X-Y plot package {s present.
176. XYTRAN prepares the input for requested X-Y plots. d
178. XYPLQT prepares requested X-Y plots of displacements, velocfties,
accelerations, forces, stresses, loads or single-point forces
' of constraint vs. time.
181, Go to DMAP No. 215 if no output requests involve dependent degrees
of freedom or forces and stresses.
f 182. MPDACC selects a list of eigenvalues and vectors whose imaginary parts 3
! (velocity in input units) are close to a user input list,
‘ 183. DDR! transforms the complex eigenvectors from modal to physical
' coordinates
C - Y 1
. (051 = Logy2le,) .
?% 185. Equivalence [@S] to [0:] if no constreints applied.
§
ié i 186 Go to DMAP No, 188 {f no constraints applied.
v H
-+
LI
E
-
g
g 3.23-17 (9/30/78)
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187. SOR) reccvers dependent components of efgenvectors

¢
(4]

.: 4 .: ¢ ¢ ¢ d
€, af
! ;c' S SR P RATI 14 B logl = [Gdle, ¢ 0}
s
€, .
MARIT SN TN
c
‘e

and recovers single-point forces of constraint (q‘) .
T ol ., <
[Kf’](")o "q;: (Qp) .

190. Equivalence [0:] to [0:] ff no extra points tintroduced for dynamic
analysis,

191, Go to DMAP No, 194 {f no extra points present.
192. VEC generates a d-size partitioning vector (RP) for the a and e sets.
193. PARTN perforps partition of [0;] using RP.

c
(o) =)o
‘e

195, SOR2 calculates element forces and stresses (QEFC), PESCY) and
prepares efgenvectors and single-point forces of constrafint for

output (BCPHIP, @QPC1). It also prepares PCPnlP for deformed plotting.

197, @FP formats tables prepared by SDR2 and places them on the system
output file for printing.

198. Go to DMAP No. 194 {f no de’ormed structure plots are requested.
199. PLPT prepares all deformed structure plots.

200, PRTMSG prints plotter data and engineering data for each deformed
plot generated.

202. Go to DMAP No. 215 and make normal exit,

204. M@OAL CPMPLEX EIGENVALUE ANALYSIS ERRPR MLSSAGE NP. 1 - MASS MATRIX
REQUIRED FPR MPDAL FQRMULATIQN.

206. MPOAL COMPLEX EIGENVALUE ANALYSIS ERROR MESSAGE N¢. 2 - EIGENVALUE
EXTRACTION DATA PEQUIRED FPR REAL EIGENVALUE ANALYSIS,

3.23-18 (9/30/78)
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210.

212,

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS
MPDAL COMPLEX EIGENVALUE ANALYSIS ERRPR MESSAGE NP, I -
EXECUTE MORE THAN 100 LOOPS,

MPDAL CPMPLEX EIGENVALUE ANALYSIS ERRPR MESSAGE NO. & -
VALUES REQUIRED FOR NPDAL FORMULATIQN,

NORMAL MPDES WiTH CYCLIC SYMMETRY ERROR MESSAGE NO. ¢
SUPPPRTS NOT ALLOWED.

NORMAL MOOES WITH CVCLIC SYMMETRY ERRPR MESSAGE NO. 5 -
SYMMETRY DATA ERRPR,

3.23-19 (9/30/78)
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3.23.3 OQutput for Compressor Blade Moda! Flutter Analysis

The Rea) Etgen value Summary Table and the Real Eigenvalue Analysis
summary, as described under Normal Mode Analysis, are sutomatically printea.
Al) resal efgenvalues are included even though all may not be used in the

moda! formulation.
The grid point singularities from the structural mode} are also output,

A flutter summary for each value of the configuratfon parameters f{s
printed out {f PRINT=YESB. This shows p, k, 1/k,0, 0 *V V, g and f

sound’
for each complex efgenvalue.

V-9 and V-f plots may be requested by the XYPAUT contro! cards bdv
spec{fying the crive type as VG, The "points” are loop numbers and the

®components” are G or F,

Printed output of the foilowiig types, sorted by complex eigenvalue
root number (SORTI) and (m, k, o) may be requested for ull complex efgenvalues
kept, as either real and imaginary parts or magnitude and phase angle

(0° - 360° lead):

1. The eigenvector for a Vlist of PHYSICAL points (grid points,

extra points) or SPLUTION points (modal coordinates and extra points).

2. Noniero components of the single-point forces of constraint for
a list of PHYSICAL points,
3. Complex stresses and forces {n selected elements.

The PFREQUENCY case control cuird can select a subset of the complex eiqgenvectors

for data recovery. In addition, undeformed and deformed shapes mav be reauested.

Undeformed shapes may include only structural elements,

3,23-20 (9/30/78)
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COMPRESOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

3.23.4 Case Conirol Deck and Parcmeters for Compressor Blade Cyclic

- T T

g

Y

P — e s rrm—

Pty

E;;;mww'“-

Modal Flutter Analyst{s

1. Only one subcase {s allowed

2, Destred direct input matrices for stiffness [&zpp]. mass [szp]. and
damping [szpl must be selected via the keywords K2PP, M2PP, or
B2PP.

3. CMETHRD must be used to select an EIGC card from the Bulk Lata Deck,

4, FMETHPD must be uscd to select a FLUTTER card from the Bulk Data Deck,

5. METHPD must be used to select an EIGR card that exiscs fn the Bulk
Data Deck,.

6. SDAMPING must be used to select a TABDMP1 table {f structural damoina
1s desfred.

7. An SPC set must be selected unless the model! fs a free bodv or all
constraints are specffied on GRID cards, Scalar Connection Cards or
with General Elements.

8. Each NASTRAN run calculates modes for only one symmetry index, K.

The following user parameters are used in Compressor Blade Cyclic Modal

Flutter Analysis.

LI GRDPNT - optional - A positive integer value of this parameter will
cause the Grid Point Weight Generator to be executed and the result-
ing weight and balance information to be printed. All fluid related
massec are ignored.

2.  NTMASS - optional - The terms of the structural mass matrix are
multiplied by the real value of this parameter when thev are

generated in SMA2, Mot recommended for use in hvdroelastic

problems.
3. CPUPMASS - CPBAR, CPR@PD, CPOUAD), CPOUAD2, CPTRIAI, CPTRIAZ,
CPIURE, CPODPLY, CPTRPLY, CPTRBSC - optional - These parameters

will cause the generation of coupled mass matrices rather than
lumped mass matrices for 211 bar elements, rod elements, and plate

elements that include bending stiffness.

3.,23-21 (9/30/78)

TR PRRPIREIFPNENCPIE:

AR i s Al kb e o o Ar0Y ot m e e et 2t A et £} g eaad.



i TR S ol

B A

PR

Breiwtmean

10.

n.

RIGID FORMAT

LFREQ and HFREQ - required unless LMPDES {s used. The rea) values

of these parameters give the frequency range (LFREQ 1s lower
1fmit and HFREQ 1s upper limit) of the modes to be used in the
modal formulation. To use this optfon, LMPDES must be set to O.
LMPDES - used unless set to 0. The Integer value of this parameter
1s the number of lowest modes to be used in the modal formulation.
The defalult value will) request all modes to be used.
NPDJE - optional in modal flutter analysis. A positive integer
of this paramecter indicates that user supplied downwash matrices
due to extra points are to be read from tape via the INPUTT2
module {n the rigid format. The default value is -1.
P1, P2 and P3 - required in modal flutter analysis when using
NPDJE parameter. See Section 5.3.2 for tape operation parameters
required by INPUTT2 module. The defaults for P, P2, and P3 are
-1, 11 aud TAPEID, respectively.
VREF - optional in modal flutter analysis. 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 flutter analysis. The BCD value N@,
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 §s 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 symmetry as fcllows:
(1) RPT - rotational symmetry
(2) DORL - dihedral symmetry, vsing right and left halves
(3) DSA - dihedral symmetry, using symmetric and anti-

symmetric components
NSEGS - required - the integer value of this parameter {s the

number of identical seqments in the structural model.

3.23-22 (9/30/78)

o

4
3
;
:

e egEmaleR



mz“n, s

s

‘2.

13,

14,

15,

16.

17.

18.

ponitemat @

* 48

Smnet

e e R A R L T TR AT s cathiciahhtiadh e

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

glg§gg'- optional - the {nteger value of this parameter specifies
the procedure for sequencing the equatfons in the solution set.

A value of +] specifies that all cosine terms should be sequenced
before all sine terms, and a value of -1 for alternating the
cosine and sine terms, The default value {s -1,

KINDEX - required in compressor blade cyclic modal flutter analysis,
The integer value of this parameter specifies a single value of
the harmonic findex,

MINMACH - optional in blade flutter analysis., This is the minimum
Ma:h number above which the supersonic unsteady cascade theory is
valid. The default is 1.0,

MAXMACH - optional in blade flutter analysis. This ts the maximum
Mach number below which the subsonic unsteady cascade theory is
valid. The default value is 0.80.

IREF - optional in tlade flutter analysis. This defines the
reference stream'ine number, [REF must be equal to a SLN on a
STREANL2 bulk data card. The default value, -1, represents the
streamsurface at the blade tip. If IREF does not correspond to

a SLN, then the default will be taken.

MTYPE - optional in cyclic modal blade flutter analysis. Tais
controls which components of the cyclic modes are to be used in
the modal formulation. MTYPE = SINE for sine components and

MTYPE = COSINE for cosine components. The default BCD value is
COSINE.

KGGIN - optional in blade flutter analysis. A positive integer

of this parameter indicates that the user supplied stiffness
matrix is to be read from tape {GINO file INPT) via the

INPUTT] module in the rigid format. The default is -1,

3.23-23 (9/30/78)




FUNCTIONAL MODULE ALG (AERODYNAMIC LOAD GENERATOR)

4.149 FUNCTIONAL MODULE ALG (AERODYNAMIC LOAD GENERATOR)
4.149.1 Entry Point: UD0300

4.149.2 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, CTRIA2 and PTRIA2 bulk datsa
cards. Bulk data cards STREAML! and STREAML2 can also be generated by ALG by

) user request.

4.149.3 DHMAP Calling Sequence

ALG CASECC, EDT, EQEXIN, (ﬁggx). ALGDB, C$TM, BGPDT/ CABECCA, GEPM3A/

S, Y, APRESS/ 8, Y, ATEMP/ V, Y, STREAML/ V, Y, PGEQM/ V, Y, IPRT/

§
] S, N, IFAIL/ v, Y, SIGN/ V, Y, ZQRIGN/ V, Y, FXC@QR/ V, Y, FYCOQR/ 3
V, Y, FZCOBR § ;
. 4.149.4 JInput Data Blocks ?
7 2 CASECC - Case contro) data table
b
EDT - Aerodynamic bulk data cards
§ EQEXIN - Equivalence between external grid or scal?r numbers and internal
1
v numbers
3 g AUGY y - Displacement vector matrix giving displacements in the g-set
3 E} uBGv
ALGDB - Compressor blade data table
% CSTM - Coordinate system transformation matrices
‘ BGPDT - Basic grid point cefinition table
‘-
Notes:
b Y. CASECC and ALGDB cannot be purged.
2. AUGV or UBGV can be purged.
1
]
P
. 4 3
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FUNCTIONAL MODULE ALG (AERODYNAMIC LOAD GENERATOR)

3. EQEXIN, CSTM and BGPDT can be purged {f AUGY fs purged.
4. EDT can be purged 1f AUGYV s purged and parameter STREAML = -1,
§. ALGDB may be input via DTI bulk data cards.

4.149.5 OQutput Data Blocks

CASECCA - Revised case control data table

GEOMIA - Static load and temperature tadle

1. CASECCA and GE@PM3A may not be purged.

4.149.6 Parameters

e———

APRESS - Input - integer - default = -1, If APRESS > 0, then aerodynamic
pressures will be generated,
i
N ATEMP - Input - integer - default = -1, If ATEMP > 0, then aerodynamic

temperatures will be generated.

STREAML - Input - integer - default = -1. Controls the punching of STREAML]

" and STREAML2 cards. STREAML = 1, punch STREAML1 cards. STREAML = 2,
; punch STREAML2 cards. STREAML = 3, punch both STREAMLY and STREAML?2
i cards,

. PGEQM - Input - integer - default = -1. Controls the punching of blade

geometry buik data cards., PGE@M = 1, punch GRID cards. PGEPM = 2,

Faeces WY

punch GRID, CTRIA2 and PTRIA2 cards. PGEOM = 3, punch GRID cards
and the modified ALGDB table on DT] cards.

¥ omaniy
0

IPRT

Input - integer - default = 0., If IPRY > O, then intermediate

Frmgnie

print will be generated based on the print option in ALGDB data
table.

gy P
N .

4.149-2 (9/30/78)

o ot it st il




EE MR MERe

g

- T T W

9
a

31

s

&

rrem—

Pocenetananh

s

FUNCTIONAL MODULE ALG (AERODYNAMIC LOAD GENELRATOR)

IFAIL - Output - integer - default = 0. Set to -1 {f there is a convergence

SIGN

4PRIGN - Input

FXCPOR - Input

faflure.

« Input - real - default « 1.0. Controls the type of analysis
being performed. SIGN s 1.0 for standard blade analysis.
SIGN » -1.0 for design analysis.

L]
*

real default = 0.0. Modification factor.

real default » 1,0. Modification factor.

FYCOPR - Input - real - default = 1,0. Modification factor.

FICOPR - Input - real - default = 1, 0. Modification factor.

4.149.7

(a)

(b)

(c)

Method

Data block ALGDB contains all the input needed to generate the aerodynamic
pressures and ter,eratures 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 AUGYV. If AUGV 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 output te CASECCA with
changes to data items 4 and 7 for al) subcases. In CASECCA, word 4 is
set to 60 if derodynamic pressure loads were generated, and word 7 fis

set to 70 if aerodynamic thermal loads were generated.

The GEPM3A data block contains aerodynamic load and temperature data.
1f parameter APRESS > 0, then PLPAD2 cards with set ifdentification number
€0 are stored on GE@M3IA. 1f parameter ATEMP > 0, then TEMP and TEMPD cards

with set identification number 70 arc stored on GE@AMIA

4.149.3 (9/30/78)
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FUNCTJONAL MODULE ALG (AERODYNAMIC LOAD GENERATOR)

(d) Parameters STREAML and PCLQM control the punching of bullk ds"a cards
STREAMLY, STREAMLZ, GRID, CTRIAZ, PTRIA2 and DTI., The ALG modulc may be

used in a one module DMAP program as a conpressor blade mesh and

geometry generator as follows:

BEGIN §

ALG CASECC,,,,ALGDB,,/CASECCA,GEPM3A/C.N,-1/C,N,-V/C,N,3/C,N,2/C,N,1$
END §

4.149.8 Subroutines Called

4.149.8.) Utility subroutincs GMMAYS, PRETRS and TRANSS are called.
4.149.8.2 Subroutine Name: UDO3PR
1. Entry Point: UDO3PR
2. Purposc: Modify ALGDB data bloch.
3. Calling Sequence: CALL UDO3PR (IERR)
4.149.8.3 Subroutine Name: UDO3IPB
1. Entry Point: UDO3PB
2. Purpose: ldentify data fields as being either BCD alpha, real or integer.
3. Calling Sequence: CALL UDO3IPB (IDAY, NTYPE)
4.149.8.4 Subroutine Name: UDO3PP
1. Entry Point:  UDO3PQ
2. Purpose: Generate data blocks CASECCA and GEPM3A.

3. Calling Sequence: CALL UDO3PP (SCR1)

4.149-4 (9/30/78)

e B e e e 2R T . . oA

b e e e’ e e

s
j}
K



 ——— -

T
WLy

T T
3
i
-
-

-

P

it

»

et

e T TR T T T RTRRGE R mn mem mey m

4.149.8.5 Subroutine Name: ubo3AP
LI Entry Point: UDO3AP

2. Purpose: Punch the modified ALGDB tabie data block on

DT1 Bulk Data cards if parameter PGEQPM - 3.

3. Calling Sequence: CALL UDO3AP (I1FNAME, 1FNY)

4.149-42 (9/30/78)
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FUNCTIONAL MODULE ALG (AERODYNAMIC LOAD GENERATOR) ;

4.149.8.6 Subroutines: UDO3AN, UOO3AR, UDO3C1-UDO319, UDO325, LUDO326, LUDO329,

% UD0330 and UDG1-UDGY are described in refcrences §
ARL-72-017), AD-756879; and ARL-75-0001, AD-A009273. j
E 4.149.9 Design Requirements
y r
E % 1. ALG uses 4 scratch files.
B ) .
H 2. Overlay considerations - to mr.imize open core, ALG could Yook as follows:
B
i
i i uD0300
I
ﬁ 1 I 1 i |
. UDD3PR UDO3AN UDU3AR upo3prp
§ upoarg upoisyz uno31-unQlQ7
] F
‘ UDO3AP up0314 UD0309-uD0312
[ . uDo315% uD0325
G UD931¢ UD3329 :
) 00317 UD0330
. upos3le UDGY-UDGO
’ U239 1
IUDO308| _U00326
’ K
/ALGn/I ‘
| V {
- 4.149.10 Diagnostic Messages
% ; The following messages may occur: 3001, 3002, 3003 and 3008.

4.149-5 (9/30/78)
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FUNCTIONAL MODULE APDB (AERODYNAMIC POOL DISTRIBUTOR FOR BLADES)

4.150 FUNCTIONAL MODULE APDB (AERODYNAMIC POOL DISTRIBUTOR FOR BLADES)

4.150.1 Entry Point: APDB

4.150.2 Purpose
Bulk data cards which control the solution of aerodynamic problems are

processed and assembled into various blocks for gconvenience and efficiency in
the solution of the aerodynamic problem. APDB also generates the transformation

matrix [G“]T (GTKA) and the partitioning vector PVECT.

4.150.3 DMAP (Calling Sequence

APDB EDT, USEY, BGPDT, CSTM™, EQLXIN, GM, G@/ AER@, ACPT, FLIST, GTKA,
PYECT/ vV, Ny NE/ V. N, KD/ V, Y, MINMACH/ V, Y, MAXNACH/ V, Y, 1REF/
V, Y, MIYPE/ V, N, NEIGV/ V, Y, KINDEX = -1 §

Bo - Proel siiai . s

4.150.4 Input Data Blocks

EDT - Rervodynamic bulk data cards

USET - Displacement set definition table

BGPDT - Basic grid point definition table

CSTM - 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 EQELXIN cannot be purged.

2. CSTM mey be purged if all points are in the basic system.

4.150-1 (9/30/78)
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FUNCTIONAL MODULE APDB (AERODYNAMIC POOL DISTRIBUTOR FOR BLADES)

3. GM and GP may be purged {f there are no multipoint or no omitted

points.

4.150.5 Output Data Blocks

AERD

ACPY

FLIST

GTKA

PVECT

Notes:

V. AERQ,

Control information for control of aerodynamic matrix generation

and flutter analysis

Information pertaining to each independent group of aerodynamic

elements
Contains AERP, FLFACT and FLUTTER cards copied from EDTV

Aerodynamic transformation matrix - K set to a set

Cyclic modes partitioning vector for matrix PHIA from module CYCT?2

ACPT, FLIST and GTKA cannot be purged.

2. PVECT may be purged 1f there are no cyclic modes to be partitioned.

4.150.6 Paraneters

NK

NJ

MINMACH

BAXMACH

Output - integer - no default. Degrees of freedom in the NK

displacement set.

Output - integer - no default. Degrees of freedom in the NJ

displacement set.

Input - real - default = 0.8. This §s the maximum Mach number

below which the subsonic unsteady cascade theory 1s valid.

Input - real - default = 1,01, This is the minimum Mach number

above which the supersonic unsteady cascade theory s valid.

¢.150-2 (9/30/78)
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FUNCTIONAL MODULE APDB (ACRODYNAMIC POOL DISTYRIBUTOR FOR BLADES)

IREF

MYTPE

NELIGY

KINDEX

Input - integer - default » -:. This defines the streamline number
of the reference stream surface. IREF must equal an SLN on

8 STREAML2 card. The default value, -1, represents the streom
surface at the blade tip. If IREF does not correspond to an SLN,
then the default wil) be taken.

Input - BCD - default = CASINE. This controls which camponents of
the cyclic modes are to be used in the modal formulation. MIYPE =

SINE for sine components and MTYPE = CASINE for cosine components,

Input - BCD - no default. The number of efgenvalues found.

Usually output by the READ module.

Input - BCD - default = -1. Harmonic index number used in cyciic

analyses.

Method

Subroutine APDB is the main control program for this module. It allocates

buffers, reads input files, and inftializes output files. APDB creates the AERD,
ACPT and FLIST tables and generates the PVECT partitioning vector. Subroutine
APDB) generates the GTKA transformation matrix. APDB) reduces [qu] to [Gla]'

much Yike module 5562, using the following matrix operations:

T T
[GKg] i §_K_N

67
KM

T 1. T reT T
[GKNJ (c,] [GKMJ + [UKN]
T
[GI(NJ * | Sks

T
Gys
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FUNCTIONAL MOOULE APDB (AERODYNAMIC POOL DISTRIBUTOR FOR ALADES)

T 7
(oged = 15k

1
Cxg

b
(6g,) = (6,3 [6],) ¢ (E},)

At each step where a matrix multiply s indicated, the multiply fs skipped 1f the

result is known to be zero (f.e., v, or Ug are null).

4.150.8 Subroutines Called

Utility routines BISLOC, CALCV, $SSG2B, TRANSS and GMMATS all called.
4.150.8.1 Subroutine Name: APDBI

1. Entry Point: APDB]

2. Purpose: To generate transformation matrix [GI’].

3. Calling Sequence: CALL APDB) (1BUFY, IBUF2, NEXT, LEFT, NSTN3, NLINES,
LCST™, ACSTM, NQDEX, NPDEI, ISILC, XYZB).

4.150.9 Design Requirements

Open core 1s located at /APDBZZ/. APDB uses five scratch files.

4.150.10 Diagnostic Messages

System fatal messages 3001, 3002, 3003, 3008 and 3037 may occur. The APDB

module also generates its own messages that are not numbered. These messages are

self-explanatory.
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RIGID FORMAT DIAGHOSTIC MESSAGES

Rigid Format Error Messages for St.: ¢ Aerothermoelastic Analysis with
Differential Stiffness

1 - NP STRUCTURAL ELEMENTS HAVE BEEN DEFINED.

The differential stiffness matrix §s null because no structural elements
bave been defined with Connection cards.

2 - FREE EPOY SUPPPRTS NPT ALLPVED.

Free bodies are not allowed in Static Analysis with Differential
Stiffness. The SUPPPRT cards must be removed from the Bulk Data Deck
and other constraints applied if required for stabiltity,

I - MASS MATRIX REQUIRED FQR WEIGHT AND BALANCE (4t LULATIPNS.

The mass matrix §s null because efther no elements were defined with
Conncction cards, nonstructural mass was not defined on a Property card,
or the density was nut defined on a Naterta) card.
S - NP INDEPENDENT DEGREES OF FRELOPM HAVE CEEN DEFINED.

Either no degrees of freedom have been defined on GRID, SPAINTY or Scalar

Connection cards, or all defined degrees of freedom have been constrained
by SPC, MPC, PMIT, or GRDSET cards, or grounded on Scalar Connection cards.

6.1-7a (9/30/78)
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RIGID FORMAT DIAGNOSTIC MESSAGES

6.1.3 Aero Apprvach Rigid Formats

The texts of the rigid format error messages arc given in the following
section for the aero approach rigid formats. The text for c¢ach message is given
in capftal lettors and s followed by additional explanatory material, including

suggestions for remedial acticn.

6.1.3.1 Rigid Format Ervor Messages for Modal Flutter Analysis
Np. 1 - NASS MATRIX REQUIRED F@R MPDAL FRRMULATIQN.

The mass matrix is null because either no structural elements were
defined with Connectfon cards, nonstructural mass was not defined
on a Property card or the density was not defined on a Material card,

Ng. 2 - EIGL..VALUE EXTRACTI@N DATA REQUIRED FPR REAL EIGENVALUE ANALYSIS

Eigenvalue extraction data must be supplied on an EIGR card and METHQD
must select an EIGR set in the Case Control Deck.

H@. 3 - ATTEMPT T9 EXECUTE MPRE THAN 100 LPPPS.

An attempt hag been made to usc more than 100 different sets of direct
input matrices. This number can be increased by altering the REPT
ifnstruction following FA2.

HP. 4 - REAL EIGENVALUES REQUIRED FPR MPDAL FPRMULATIQN,

No real eigenvalues were found in the frequency range specified by the
user.

6.1.3.2 Rigid Format Error Nessages for Compressor Blade Cyclic Modal Flutter
Analysis. ’

NP. 1 - MASS MATRIX REQUIRED FQR MPDAL FARMULATIPN

The mass metrix is null because either no structural elements were defined
with Connection cards,nonstructural mass was not defined on a Property card

or the density was not defined on a Material card.
Hp. 2 - EIGENVALUE EXTRAZLTIAN DATA REQUIRED FPR REAL EIGENVALUE AMNALYSIS

Eigenvalue extraction data must be supplied on an EIGR card and METHPD
must select an EJGR set in the Case Control Deck.

NPg. 3 - ATTENPT TP EXECUTE H@PRE THAN 100 L@@PS.

An attempt has been made to use more th&ﬂ 100 different sets of direct

input matrices. This number can be increased by altering the REPT instruc-

tion following FAZ,
NP. 4 - REAL EIGENVALUES REQUIRED FPR MPDAL FPRMULATIPN,

No real eigenvalues were found in the frequency range specified by the
user.

6.1-9 (9/30/78)
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NPp. 5 - FREE CADY SUPPPRTS NPT ALLBWED.
Free bodies are fot allowed in Statics with Cyclic Symmctry., The SUPPRTY
cards must Ue removed from the Bulk Data Deck and other constraints
applied if required for stability,

NP. 6 - CYCLIC SYHNMETRY DATA ERRPR.

See Section 1.12 for proper modeling techniques and corresponding PARAM
card requirements.
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ABFL

ABFLTY

ACCE
ACCELERATIQN
ACPT

Active Column

ADD
*  ADD
ADDS

ADUMi
AEFACT

AERP
AERQ

AJJIL

ALG

ALGDB

ALL

ALLFDGE TICS
ALOAD

ALTER
ALWAYS

AMG
AMP
AND
APUTS
APD

T

FRret

PR

DBM
DBM
IC
IC
DBY
PH

FHH

M4

I8
I8

0BT
I8
DBML
FMS
D87

FMS
FMS

FMS

NASTRAN DICTIONARY
Parameter value used to control utility module
MATGPR print of A-set matrices.
[Ab fl] = Hydroelastic boundary area factor matrix.
1]
Transpose of [Ab.fl]
Abbreviated form of ACLe. ! RATIQN,
OQutpul request for acceleration vector. (UM-2.3, 4,2)

Aerodynamic Connection and Property Data,

Column containing at least one nonzero term
outside the band,

Functiona) module to add two matrices togcther,

Parameter constant s d in utility module PARAM,

Functional Module to add up to five matrices together.

Defines attributes of dummy elements 1 through 9,

Used to input lists of real numbers for
aeroelastic analysis.

Aerodynamic Matrix Generation Data.

Gives basic aerodynamic parameters,

Aerodynamic Influence Matrix List,

Aerodynamic load gcnerator.

Aerodynamic Load input for ALG (D-16).

Output request for al)l of a specified type of output.
Request tic marks on all edges of X-Y plot,

Set ncgative if no aerodynamic loads (D-16).

Alter statement for DMAP or rigid format.

Paramcter set to -1 by a PARAM statement in the
Piecewise Linear Analysis Rigid Format (D-6€).

Aerodynamic Matrix Generator
Aerodynamic Matrix Processor,
Parameter constant used in executive module PARAM,
Indicates restart with solution set output request.,

Aerodynamic pool distributor and element generator,

7.1-2 (9/30//8)
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NASTRAN DICTIONARY ?

; APDB FMs Aerodynamic poo) distributor for blades,
APP 1A Control card which specifies approach (DISP or DMAP),
| § APPEND M Fie)l may be extended (see FILE),
? APRESS PU Positive Value generates aerodynamic pressures, f
r ; ASET 18 Analysis set coordinate definition card. j
i k ASET) 18 Analysis set coordinate definition card g
| } ATEMP PU Positive value jenerates aerodynamic temperatures, :
AUTD IC Requests X-Y plot of autocorrelation function, :
AUTQ ORT Autocorrelation funciion table,

\
»
P
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€ pasarienns

§owsnaing

cQoMEM2
CQoPLT
CQUADY
CQUAD2
CR@O
CSHEAR
CSLPT3

CSLPT4

csp

csp
CST™M
csma
CTETRA
CTPRDRG
CTRAPRG
CTR8SC
CTRIAY
CTRIA2
CTRIARG
CTRMEM
CTRPLT
CTusE
CTwIsSY
CURVL INESYMBQL

CvIsC
CWEDSE

SRR PO

18
18
18
I8
18
I8
18

18

[c

I8
08T
087
I8
I8
I8
I8
18
I8
I8
(]
I8
I8
I8
IC

I8
I3

NASTRAN DICTIONARY

Quadrilateral membrane element connection definition card.
Quadrilateral bending element connection definition card.
General Quadrilateral element connection definition card.
Homogeneous quadrilateral element connection definition card.
Rod element connection definition card.

Shear pane! element connectfon definition card.

Triangular slot element connection definition card for acoustic
analysis,

Quadrilateral slot element connection definition card for
acoustic analysis,

selects a set of contact surface pcints,

Contact surface point set definition,

Coordinate System Transformation Matrices.

Coordinate System Transformation Matrices - Aerodynamics.
Tetrahedron clement connection definition card.

Toroidal ring element connection card.

Trapezoidal ring eleqent 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.

Trianguiar membrane element connection definition card.
Triangular bending element connection definition card.
Tube etement connection definition card.

Twist panel element connection definition card.

Request to connect points with lines and/or to use symbols
for X-Y plots.

Viscous damper element connection definition card.

Wedge element connection definition card.

7.1-7a (9/30/78)
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FPRCE2
FPRCEAX
FREEPT
FREQ
FREQS
FREQ?
FREQ2
FREQRESP
FREQUENCY

FRL

FRQSEY

FRRD

FSAVE

FSLIST

Functional Module

FXCOOR
FYCOOR

FZCOOR

18
I8

IC

08T

1))
I8
PH

PU
PU

PU

NASTRAN DICTIONARY

Static load definition (magnitude and four grid points).

Static load definttion 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 (1inear increments).

Frequency list definition (logarithmic {ncrements).

Parameter used tn SDR2 to indicate a frequency response problem.

Selects the set of frequencies to be solved in frequency
response problems.

Frequency Response List.

Used in FRRD to indicate user selected frequency set.
Frequency and Random Response - Displacement approach.
Flutter Storage Save Table.

Defines 8 rfree surface of a fluid in a hydroeiastic problem.

An independent group of subroutines that perform a structural
analysis function.

Aerodynamic modification factor (D-16).

Aerodynamic modification factor (D-16).

Aerodynamic modification factor (D-16),

7.1-13a (9/30/78)
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P

IC
10

IFAIL

IFP

IFPY

1FP3

1FpP3

IMAG

1A
INCLUDT
INERTIA

INERTIA RFLIEF

INPY

INPUT

Input Cata Block

Input Data Cards

INPUTT)
INPUTTZ
{NPUTT3
INPUTTA

Internal Sort

INV

[PRT

IREF

IRES

Ic
IA

tM

EM

EM

EM

IC

1C

IA

FMU
PH

PH

FMU
FMU
FMX
FMX

P

Py

PU

Transient analysis iratial condition set selection.

The first card of any data deck is the identyfrcaticn (10)
card. Tue two Cata rteas on this card are RCD values.

Set negative by ALG if convergence fails (G-16),

Input File Processor. TYhe proface module which processes
the sorted Bulk Data Deck and outputs varrous Jatd b locks
depending on the card types presaent in the Bullk Dats Dech.

Input File Processor 1. The preface module which processes
the Case Control Deck and writes the CASECC, PCDB and XYCDB
data blocks.

Input File Processor 3. The preface module which processes
bulk data cards for a conical shell problem.

Input File Processor 4. The preface rodule which processes
bulk data cards for a hydroelastic problem.

Outnut request for real and imaginary parts of some quantity
such as displacement, load, single point force of constraint
clement force, or stress,

Parameter constant used 1n executive module PARAM.

Used in set definition for structure plots.

sed in printing rinid format error messages for Static
Analysis with Inertia Relief (D-2).

Selects rigid format for static analysis with inertia relief.

A reserved NASTRAN physicail unit (Tape) which must be set
up by the user wnen used.

Generates most of bulk data for selected academic problems.
A data block input tn a module. An input data block must
have been previously output from some mcdule and may not be
written on,

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.

Reads data blocks from GINA-written user tapes.

Reads data blocks from FORTRAN-written user tapes.

Dummy user 1nput module.

Dummy user input module.

Same order as external sort except when SEQGP or SEQEP bulk
data cards are used to chunge the scquence.

Inverse power eicenvaluc analysis option - specified on
LIGR, EIGB or EIGC cards.

Controls printing of aerodynamic results,
Defines reference streamline for blade flutter.

Causes printout of residual vectors in statics rigid formats
when sct norncgative via a PARAM bulk data card. (D-1, D-2,
D-4, D-5, 0-6).
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k0SS
KFF
KFS

KGGIN

KGGIN

KGGL

KGGLPG

KGGNL

KGGSUM

KGGX
KGGXL

KHH

KLL

KLR
KNN
{0
KRR
KSS

KTOTAL

KTOUT

KXHH

TR T T e R AT e TG

Py
DBM

DBM
DBM

DBM

DBM

O8M
DBM
OBM
DBM
DBM

D8M

PU

D8N

NASTRAN DICTIONARY

[K:s] - Partition of differential stiffness matrix.
[Kff] - Partition of stiffness matrix,
[K's] - Partition of stiffness matrix.

{%_ ] - Stiffness matrix generated by Structura) Matrix
Assenbler,

Positive value selects KGGX from INPUTTI,

Sum of elastic and differential stiffness
matrices (D-16, A-9).

[Kl ] - Stiffness matrix for linear elements. Used only in
the Piecewise Linear Analysis Rigid Format (D-6).

Purge flag for KGGL matrix. If set to -1, it implies that
there are no linear elements in the structural model, (D-6).

[K"E] - Stiffness matrix for the nonlinear elements. Used
99 (1\ ghe Piecewise Linear Analysis Rigid Format only.
V-6

Sum of KGGNL and KGGL. Used in the Piecewise Linear Analysis
Rigid Format only. (D-6).

[K' ] - Stiffness matrix excluding general elements.

[KxE] - Stiffness matrix for linear elements (excluding
general elements). Usrd in the Piecewise Linear
Rigid Format only. (D-6).

[Khh] - Stiffness matrix used in modal formulation of
dynamics problems (D-10 thru D-12).

[Kll] - Stiffness matrix used in solution of problems in
static analysis (D-1, D-2, D-4, D-5, D-0).

[Klr] - Partition of stiffness matrix.

{K“n] - Partition of stiffness matrix.

[Koo] - Partition of stiffness matrix.

[Krr] - Partition of stiffness matrix.

[Kss] - Partition of stiffness matrix,

Sum of elastic and differentfal stiffness
matrices (D-16, A-%),

Postive value outputs KTOTAL to OUTPUT).

Total modal stiffness matrix - h-set.

7.1-18 (9/30/78)
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MATTS

MAXIMUM DEFPRMATIPN
MAXIT

MAXL INES
MAXMACH

MCE
Mce2
MO0

MDEMA
MDLCEAD

MDL FRRD

MDLTRD

MERGE
METH@D
METHPDS

MFF
MGG
MHH

MIKMACH
MKAERD]
MKAERP?2
ML

MLR

NN

MA
MPDA

MPDACC
MTYPE

18

FMM
IC

DBM
OBM
D8M

DBM

PY
18
1B
DBM
DBM
D8M
DBM
FMX

FMS
PU

NASTRAN DICTIONARY
Specifies table references for temperature-dependent,
anfsotropic, thermal material properties.

Eig:nvector normalization option - used on EIGR, EIGB and
EI1GC cards.

Indicates scale for deformed structure plots.

Limits maximum number of {terations in nonlinear heat transfer

analysis.

Maximum printer output line count - default value is 20000.
Controls subsonic unsteady cascade calculations,
Multipoint Constraint Eliminator - part 1.

Multipoint Constraint Eliminator - part 2.

["dd] - Mass matrix used in direct formulation of dynamics
problems (D-7 thru D-9).

Parameter indicating equivalence of MDD and MAA.

Used in printing rigid format error nessages for modal
complex eigenvalue analysis (D-10).

Used in printing rigid format error messages for modal
frequency response ?D-ll).

Used in printing rigid format error messages for modal
transient response {D-12).

Matrix merge functional module.
Selects method for real eigenvalue analysis.

Indicates restart with change in eigenvalue extraction
procedures.

[Mff] - Partition of mass matrix.

[Mgg] - Mass matrix generated by Structural Matrix Assembler.

[Mhh] - Mass matrix used in modal formulation of dynamics
problems (D-10 thru D-12).

[m] - Modal mass matrix.
Controls supersonic unsteady cascade calculations,

Provides table of Mach numbers and reduced frequencies (k).

Provides list of Mach numbers (m) and reduced frequencies (k).

["111 - Partition of mass matrix.
[er] - Partition of mass matrix.
[Mnnj - Partition of mass matrix.
[ﬁoa] - Partition of mass matrix.
This module is reserved for user implementation.

Mode Acceleration Output Reduction Module.

Controls cyclic mude component selection,

7.1-21 (9/730/78)
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t NASTRAN DICTIONARY
f
[ 4 4 Parameter value used 1n MATGPR to print P-set matrices.
Packed Format L) A matrix is said to be in packed format 1¢ only the nonzero
elements of the matrix are written.
PAPER SIZE {9 Selects paper size for structure plots using table plotters.
PARAM 4, 1] Performs specified operations on DMAP parameters.
PARAM (] Parameter definition card.
Parameter PN A FPRTRAN variable communicated to a DMAP module by the NASTRAN
’ Executive System through blank common. A parameter's position |
in the DMAP calling sequence to a module corresponds to the |
p?siuon of the parameter in blank common at module execution |
; time, ?
"
[ PARAML m Selects parameters from a user input matrix or table,
i : PARAMR FMU Performs specified operations on real or complex parameters.
PARTN M Matrix partitioning functional module.
' ;
| PBAR ie Bar property definition card. ‘
PBL DM A scalar myltiple of the PL load vector. Used only in the ;
r Differential Stiffness Rigid Format (D-4). ]
1
P8S DBM A scalar multiple of the PL load vector. Used only in the ;
\ Differentia) Stiffness Rigid Format (0-4).
) PCOD 08T Plot control data block (table for use with structure plotter
X functional module PLTSET).
PCONEAX I8 Conical shell element property definition card.
:
POAMP 18 Scalar damper property definition card. R
POF UBM Dynamic load matrix for frequency analysis. g
' POT DBM Linear dynamic load matrix for transient analysis. 3
PDUM§ I8 Property definition card for dummy elements 1 through 9.
PELAS 18 Scalar elastic property definition card.
PEN IC Selects pen size for structure plots using table plotters.
PENSIZE IC Selects pen size fcr X-Y plots using table plotters.
: PERSPECTIVE IC Specifies perspective projection for structure plots.
PFILE P Parameter used by PLAT module. ~
: 1
* PG 08M :gc?)elnental load vector used in Piecewise Linear Analysis 1
: % PG DBM Statics load vector generated by SSGI.
X
E’ PG AL Static load vector for Piecewise Linear Analysis (0-6).
- PGEOM PU Controls punching of GRID, CTRIA2, PTRIA2
.2 and DT1 cards from ALG.
E‘ PGG 08M Appended 3:tatic load vwector (D-1, D-2).
9 7.1-28 (9/30/78)
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Dt

PUGVY
PUNCH
PURGE

Purge

PVECT

pViISC
41

4|
P2
P3

Qo
Qeuy2
Q8G

QOMEM
QOMEM)
QDMEM2
QOPLY

QHBDY
QHHL
QUHL
QP
QprC

R

Qs
QUAD!
QUAD2
QuECT
QvpL

D8y
Ic

D8M

PU
4]
PU

18
18
DBM

IC
IC
IC
IC
D8M
18
DeML

DBM
0BM

DBM
DBM
IC
IC
18
18

"

RASTRAN DICTIONARY

Oisplacement components used to plot deformed shape (D-6).
Output redia request (PRINT or PUNCH).

DMAP statement which causes conditional purging of data
blocks.

A data block s said to be purged when it is flagged in the

FIAT so that it will not be allocated to 4 physical file
and so that modules attempting to access it will be signaled.

Partitioning vector for cyclic 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 1FP and is
written on the P-~blem Tape.

INPUTT2 rewind option.

INPUTT2 unit number.

INPUTTZ2 tape 1D.

Defines uniform heat flux into HBDY elements.
Defines grid noint heat flux into HBDY elements. :

Single point forces of constraint in the Differential
Stiffness Rigid Format (D-4).

Requests structure plot for all QDMEM elements.
Requests structure plot for all QDMEM) elements.
Requests structure plot for all QDMEMZ elements.
Requests structure plot for all QDPLT elements.
Constraint forces for all grid points.

Defines thermal load for steady-state heat conduction.
Aerodynamic matrix 1¥st - h-set.

Aerodynamic transformation matrix between h and j sets.

Constraint forces for all physical points.

e

CoTplex single point forces of constraint for all physical
points. '

(q,} - Determinant support forces.

(qs) - Single-point constraint forces.

Requests structure plot for all QUAD! elements.
Requests structure plot for all QUAD2 elements.
Defines thermal vector flux from distant source.

Defines volume heat generation.
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PSR

B AEINY

PP

SIGA
SIGN

SIL
SILA
SILD

SILGA
SINE
SINGLE

SKIP BETWEEN FRAMES

SKJ
SKPMGG

sLeoy

SLPAD
SLY
SMA!

SMA2

SMAJ

SMP1
SMP2
SMPYAD

SpL

Solution Points
SPLVE
SPRTY
SPRT2
SPRT3

SPC

4"

Dar
087
b8r

D8Y
IC

IC

-

(]

18
08T
FMS

FMS

FMS

FMS
FMS
FMM

1A

PH
FMM
IC
IC

NASTRAN DICTIOMARY

Defines Stefan-Boltzmann constant in heat transfer analysis.

Controls the type of static aerothermo-
elastic analysis performed.

Scalar Index List for all grid points.
Scalar Index List - Aerodynamics.

Scalar Index List for all grid points and extra scalar
points introduced for dynamic analysis.

Scalar Index List - Aerodynamic boxes only.
Conical shell request for sine set boundary conditfons.
No single-point constraints.

R:quest to insert blank frames on SC 4020 plotter for X-Y
plots.

Integration matrix,

Parameter used in statics to control execution of functional
module SMA2.

Defines list of points on interface between axisymmetric fluid
and radial slots.

Scalar point load definition.
Static Loads Table.

Structural Matrix Assembler - phase 1 - generates stiffness
matrix (Kgg] and structural damping matrix [K;g].

Structural Matrix Assembler - phase 2 - generates mass
matrix [Mgg] and viscous damping matrix [ng].

Structural Matrix Assembler - phase 3 - add general element
contributions to the stiffness matrix [Kgg]'

Structural Matrix Partitioner - part 1.
Structural Matrix Partitioner - part 2,

Performs multiply-add matrix operation for up to five
multiplications and one addition.

Specifies which rigid format solution is to be used when APP
ts DISPLACEMENT.

Points used in the formulation of the general) K system.

Solves a set of linear algebraic equations.

Output is sorted by frequency or time and then by external 1D,
OQutput is sorted by external ID and then by frequency or time.

Output is sorted by individual {tem or component and then by
frequency or time.

Sfngle-point constraint and enforced deformation definition,
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SPC
SPCS

SPCY
SPCADD
SPCAX
SPCF
SPCFARCE
SpiN

SPLINE
SPLINEY
SPLINE2
SPRINT
$SG!
$SG2
$SG3
SS64
SSGHT
STATIC
STATICS

STATICS
STEADY STATE

STEREPSCPPIC
STREAML

STREAML

STREAML?2
STRESS

Structural Element

SUBCASE
SUBCOM
SUBSEQ
SUBTITLE
SUPAX

IC

18
18
18
IC
1<
PH

08T
I8
I8
I8
FMS
FMS
FMS
FMS
FMH
IC
1A

IC
PU

I8

18
IC

IC
IC
IC
IC
18

NASTRAN DICTIONARY

Single-point constraint set selection.

Indicates restart with change in single-paint constraint set
selection.

Single-point constraint definition.

Single-point cinstraint set combination definition.

Conical she'l single-point constraint definition.

Abbreviated form of SPCFPRCE.

Single-point constraint force output request. (UM-2.3,4.2)
Secondary storage devices are used because there is insufficient
main storage to perform 3 matrix calculation or a data pro-
cessing operation.

Splining Data Table.

Def nes surface spiine.

Defines beam spline,

Scalar point definftion card.

Static Solution Generator - part 1.

Static Solution Generator - part 2.

Static Solution Generstor - part 3.

Static Solution Generator - part 4.

Solution generator for nonlinear heat transfer analysis,
Requests deformed structure plot for problem in Static Analysis.

Selects statics rigid format for heat transfer or structural
analysis.

Parameter used in SDR2 to indicate Static Analysis.

Selects rigid format for nonlinear static heat transfer
analysis.

Requests stereoscopic projections for structure plot.

Controls the punching of STREAML] ard
STREAMLZ cards from ALG,

Gives blade streamline data,

Gives blade streamline data,.
Element stress output request. (UM-2.3, 4.2)

One of the finite elements used to represent a part of a
structure.

Subcase definition.

This subcase is a linear combination of previous subcases.
Specifies coefficients for SUBCOM subcases.

Output labeling data for printer output.

Ficticious support for conical shell protlem.
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