





ZAERO OUTPUT DESCRIPTION

DENSITY = 1.1468E-07 VELOCITY = 9.0000E+03
CLOSED-LOOFP SYSTEM Is UNSTABLE
DENSITY = 1.1468E-07 VELOCITY = 1.0000E+04

CLOSED-LOOFP SYSTEM Is UNSTABLE

6.8.4 Output of MIMO Stability Margin Analysis
Output of MIMO stability margin analyses contains:
e  header

e upper limits of interest for input and output singular values defined in the bulk data
e density and velocity values
e singular value and frequency for which it obtained

Note: Ifupper limit of interest is defined as 0, only one (minimum) singular value for each density-velocity pair
will be written in the output file.

A sample of the output is shown bellow:

SUMMARY O F MIMO MARGTINS EVALUATION
LIMITS OF INTEREST FOR MIMO MARGINS:
UPPER LIMIT FOR SEARCH OF INPUT SINGULAR VALUE 0.00000

UPPER LIMIT FOR SEARCH OF OUTPUT SINGULAR VALUE 0.00000

INPUT SINGULAR VALUES

DENSITY VELOCITY SINGULAR FREQUENCY
VALUE CYC/SEC RAD/SEC
1.146800E-07 7.000000E+03 2.494531E-03 5.443035E+01 3.419960E+02
1.146800E-07 8.000000E+03 2.758543E-03 5.443035E+01 3.419960E+02
1.146800E-07 9.000000E+03 3.112713E-03 7.681056E+00 4.826150E+01
1.146800E-07 1.000000E+04 3.279321E-03 7.681056E+00 4.826150E+01
1.146800E-07 1.100000E+04 3.572233E-03 7.681056E+00 4.826150E+01
OUTPUT SINGULAR VALUES
DENSITY VELOCITY SINGULAR FREQUENCY
VALUE cyc/sEC RAD/SEC
1.146800E-07 7.000000E+03 6.322877E-02 7.681056E+00 4.826150E+01
1.146800E-07 8.000000E+03 4.957797E-02 7.681056E+00 4.826150E+01
1.146800E-07 9.000000E+03 4.606769E-02 7.681056E+00 4.826150E+01
1.146800E-07 1.000000E+04 4.780096E-02 7.681056E+00 4.826150E+01
1.146800E-07 1.100000E+04 5.130737E-02 7.681056E+00 4.826150E+01

6.8.5 Output of Continuous Gust Analysis
Output of continuous gust analysis contains:

header

e parameters of gust response analysis: gust filter definition, scale of turbulence, RMS value of the gust
velocity, parameter of the low-pass filter

e density and velocity values

ID number of the grid point and its component number for which gust response are computed, type of
response (displacement, velocity, or acceleration), RMS value of response for density-velocity pairs

Note: Gust analysis results are provided only for stable system.
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A sample of the output is shown below:

SUMMARY O F GUST RESPONSE ANALYSTIS

ASE BULK DATA CARD ID = 100 WITH CONGUST BULK DATA CARD ID = 60
TITLE = RECTANGULAR WING MODEL -- ASE ANALYSIS -- CLAMPED WING
SUBTITLE= CLOSED-LOOP FLUTTER AND STABILITY MARGINS ANALYSIS
LABEL = MACH NUMBER = 0.8, CONTROL SYSTEM TYPE 0

EXACT REPRESENTATION OF DRYDEN'S GUST SPECTRUM APPLIED

SCALE OF TURBULENCE 3.0000E+04
RMS VALUE OF THE GUST VELOCITY 1.0000E+00
PARAMETER OF THE LOW-PASS FILTER 1.5000E+02

RMS RESPONSE FOR DENSITY-VELOCITY PAIRS
GRID COMPON. RESPONSE === === - o - - oo o oo oo

POINT TYPE RO= 1.1430E-07 RO= 1.1430E-07 RO= 1.1430E-07 RO= 1.1430E-07 RO= 1.1430E-07 RO= 1.1430E-07
V = 8.0000E+03 V = 1.0000E+04 V = 1.2000E+04 V = 1.3000E+04 V = 1.4000E+04 V = 1.6000E+04
10204 3 DISPLAC. 3.764757E-06 5.626434E-06 9.591906E-06 7.452381E-05 UNSTABLE UNSTABLE
10204 3 VELOCITY 1.131646E-03 2.729690E-03 1.045217E-02 1.887467E-01 UNSTABLE UNSTABLE
10204 3 ACCELER . 2.776390E+00 7.063188E+00 2.832191E+01 5.218195E+02 UNSTABLE UNSTABLE
10304 3 DISPLAC. 9.329276E-06 1.337707E-05 1.934940E-05 8.363972E-05 UNSTABLE UNSTABLE
10304 3 VELOCITY 1.307179E-03 2.974530E-03 1.063588E-02 1.845946E-01 UNSTABLE UNSTABLE
10304 3 ACCELER . 3.277436E+00 8.046444E+00 2.967084E+01 5.115260E+02 UNSTABLE UNSTABLE

6.8.6 Output of ASE Flutter Sensitivity Evaluation
Output of ASE open- and closed-loop flutter sensitivity analysis contains:

e  general header section
e  design variable header section
e  section of results

General header section contains the header defining either open- or close-loop sensitivity analysis was
performed, ID numbers of the ASE and FLTSEN bulk data cards that were applied, and TITLE, SUBTITLE
and LABEL.

The sample of the general header section is shown bellow:

SUMMARY O F A S E CLOSE-LOOP FLUTTER SENSITIVITY EVALUATION

ASE BULK DATA CARD ID = 100 WITH FLTSEN BULK DATA CARD ID = 100

TITLE = RECTANGULAR WING MODEL -- ASE ANALYSIS
SUBTITLE= ASE OPEN-LOOP FLUTTER ANALYSIS
LABEL = MACH NUMBER = 0.8, ANTISYMMETRIC CASE

Design variable header section for structural design variable contains the name of the design variable, names of
elementary mass and stiffness matrices, value of design variable, and some additional information.

The sample of the design variable header section for structural design variable is shown bellow:

*% STRUCTURAL DESIGN VARIABLE (V) NAME =ZONE1 OF MASS & STIFFNESS MATRICES =DMDV1 DKDV1 WITH RESPECT TO THICK = 0.1000E+01 **
D( )/DV REPRESENTS DERIVATIVE OF ( ) WITH RESPECT TO DESIGN VARIABLE (V).
THICKNESS AT G=0 REPRESENTS THE REQUIRED CHANGE OF THE DESIGN VARIABLE IN ORDER TO ACHIEVE G=0.

THIS IS BASED ON THE ASSUMPTION THAT DAMPING IS LINEAR WITH RESPECT TO DESIGN VARIABLE. THEREFORE, ONLY FOR REFERENCE
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Design variable header section for gain design variable contains the gain connection ID number, gain value, and
some additional information.

The sample of the design variable header section for gain design variable is shown bellow:

** GAIN DESIGN VARIABLE (V) FOR GAIN CONNECTION ID= 104 WITH RESPECT TO GAIN VALUE = -0.2000E+00 **
D( )/DV REPRESENTS DERIVATIVE OF ( ) WITH RESPECT TO DESIGN VARIABLE (V).
GAIN AT G=0 REPRESENTS THE REQUIRED CHANGE OF THE DESIGN VARIABLE IN ORDER TO ACHIEVE G=0.

THIS IS BASED ON THE ASSUMPTION THAT DAMPING IS LINEAR WITH RESPECT TO DESIGN VARIABLE. THEREFORE, ONLY FOR REFERENCE

The section of results consists of subsections number of which is equal to number of density-velocity pairs.
Each subsection contains Mach number, dynamic pressure, velocity, and number of roots for which sensitivities
were calculated.

Output for every root contains:
e  root number
flutter frequency
derivative of the flutter frequency with respect to design variable
flutter damping
derivative of the flutter damping with respect to design variable
the value of design variable for which the flutter damping becomes equal to 0 if damping is linear with
respect to design variable
e flutter frequency for flutter damping equal to 0

The samples of the section of results are shown below.

For structural design variable:

AT MACH= 0.8000, DYNAMIC PRESSURE= 0.5734E+01, SPEED = 0.1000E+05, FOR 1

2 NUMBER OF ROOTS.
ROOT FLUT FREQ (HZ) D (FLUT FREQ) /DV FLUT DAMPING D (DAMPING) /DV THICKNESS AT G=0 FREQ AT G=0 (HZ)
1 0.0000E+00 0.0000E+00 -3.0347E+02 -3.8200E+00 -7.8441E+01 0.0000E+00
2 0.0000E+00 0.0000E+00 -3.8323E-04 5.1256E-05 8.4768E+00 0.0000E+00
3 0.0000E+00 0.0000E+00 -4.0356E+02 -1.6961E+00 -2.3693E+02 0.0000E+00
4 2.7372E+00 1.7629E-01 -1.2458E+00 3.6075E-01 4.4535E+00 3.3460E+00
5 2.4084E+01 -8.3775E+00 -8.0917E+00 -2.7935E+00 -1.8966E+00 4.8350E+01
6 3.4580E+01 -6.7807E-01 -5.6467E-01 1.4256E-02 4.0609E+01 7.7226E+00
For gain design variable:
AT MACH= 0.8000, DYNAMIC PRESSURE= 0.5734E+01, SPEED = 0.1000E+05, FOR 12 NUMBER OF ROOTS.
ROOT FLUT FREQ (HZ) D(FLUT FREQ)/DV FLUT DAMPING D (DAMPING) /DV GAIN AT G=0 FREQ AT G=0 (HZ)
1 0.0000E+00 0.0000E+00 -3.0347E+02 -3.8200E+00 -7.8441E+01 0.0000E+00
2 0.0000E+00 0.0000E+00 -3.8323E-04 5.1256E-05 8.4768E+00 0.0000E+00
3 0.0000E+00 0.0000E+00 -4.0356E+02 -1.6961E+00 -2.3693E+02 0.0000E+00
4 2.7372E+00 1.7629E-01 -1.2458E+00 3.6075E-01 4.4535E+00 3.3460E+00
5 2.4084E+01 -8.3775E+00 -8.0917E+00 -2.7935E+00 -1.8966E+00 4.8350E+01
6 3.4580E+01 -6.7807E-01 -5.6467E-01 1.4256E-02 4.0609E+01 7.7226E+00

6.8.7 Output of Continuous Gust Sensitivity Evaluation
Output of open- and close-loop continuous gust sensitivity analysis contains:

e  general header section
e  design variable header section
e  section of results

6-23



ZAERO OUTPUT DESCRIPTION

General header section contains the header defining either open- or closed-loop gust sensitivity analysis was
performed, ID numbers of the ASE, CONGUST, and FLTSEN bulk data cards that were applied, and TITLE,
SUBTITLE and LABEL.

The sample of the general header section is shown bellow:

SUMMARY OF A S E CLOSE-LOOP GUST SENSITIVITY EVALUATION

ASE BULK DATA CARD ID = 100 WITH CONGUST BULK DATA CARD ID = 60 AND WITH FLTSEN BULK DATA CARD ID = 100
TITLE RECTANGULAR WING MODEL -- ASE ANALYSIS -- CLAMPED WING
SUBTITLE: CLOSED-LOOP FLUTTER AND GUST ANALYSIS

LABEL MACH NUMBER = 0.8, CONTROL SYSTEM TYPE 0

Design variable header section for structural design variable contains the name of the design variable, names of
elementary mass and stiffness matrices, and value of design variable.

The sample of the design variable header section for structural design variable is shown bellow:

** STRUCTURAL DESIGN VARIABLE (V) NAME =ZONE1l OF MASS & STIFFNESS MATRICES =DMDV1 DKDV1 WITH RESPECT TO THICK = 0.1000E+01%*%

Design variable header section for gain design variable contains the gain connection ID number, and gain value.

The sample of the design variable header section for gain design variable is shown bellow:

** GAIN DESIGN VARIABLE (V) FOR GAIN CONNECTION ID= 104 WITH RESPECT TO GAIN VALUE = -0.2000E+00 **

The section of results consists of ID numbers of the grid points and its components numbers for which gust
response are computed, type of response (displacement, velocity, or acceleration), sensitivities of RMS values
of response for density-velocity pairs

The sample of the section of results is shown below.

GRID COMPON. RESPONSE === - == === - - o oo o oo oo o
POINT TYPE RO= 1.1468E-07 RO= 1.1468E-07 RO= 1.1468E-07 RO= 1.1468E-07 RO= 1.1468E-07 RO= 1.1468E-07
V = 6.5000E+03 V = 7.5000E+03 V = 8.5000E+03 V = 9.5000E+03 V = 1.0500E+04 V = 1.1500E+04

101 3 DISPLAC. -1.191674E-08 -1.737577E-08 -2.486184E-08 -3.526206E-08 -4.999121E-08 -7.139502E-08
101 3 VELOCITY -1.453565E-06 -2.602803E-06 -4.442343E-06 -7.360283E-06 -1.207696E-05 -2.007583E-05
101 3 ACCELER. -1.445518E-01 -1.819321E-01 -2.453296E-01 -3.484835E-01 -5.264039E-01 -8.735487E-01
111 3 DISPLAC. -1.471173E-07 -2.152112E-07 -3.089958E-07 -4.398093E-07 -6.256783E-07 -8.962957E-07
111 3 VELOCITY -5.871870E-06 -9.456401E-06 -1.463937E-05 -2.205643E-05 -3.274656E-05 -4.858295E-05
111 3 ACCELER. -2.311822E-01 -2.950613E-01 -4.007109E-01 -5.682240E-01 -8.507852E-01 -1.399088E+00
121 3 DISPLAC. -1.100169E-06 -1.612049E-06 -2.318491E-06 -3.305806E-06 -4.711305E-06 -6.761295E-06
121 3 VELOCITY -5.490882E-05 -8.336164E-05 -1.219665E-04 -1.738728E-04 -2.436785E-04 -3.385828E-04
121 3 ACCELER. -3.498042E-01 -4.778139E-01 -6.730959E-01 -9.613967E-01 -1.411170E+00 -2.229233E+00
6.9 Static Aeroelastic/Trim Results

The output of the static aeroelastic/trim results can be divided into seven sections: the header , the results of the
aerodynamic stability derivatives of trim variables, the results of the minimization of the over-determined trim
system, solutions of the trim system, the summary of the total aerodynamic force and moment coefficients, the
solution of the generalized coordinates of the FEM modes, and the results of the trim functions.

6.9.1 Header

The output of header begins with the TITLE, SUBTITLE, and LABEL as defined in the Case Control
Commands:

SUMMARY OF TRIM EVALUATION
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TITLE = HA144D FORWARD SWEEP WING FOR STATIC AEROELASTIC ANALYSIS.
SUBTITLE= ASYMMETRIC ROLLING PULLOUT AT M=0.90, Q=1200 PSF
LABEL = DETERMINATED TRIM SYSTEM. 5 TRIM D.O.F. & 9 TRIM VARIABLES

Next, the Mach number, its associated MKAERQOZ bulk data card identification number, and the dynamic
pressure are printed out:

MACH NUMBER = 0.9000. STEADY AERODYNMAICS COMPUTED BY MKAEROZ BULK DATA CARD WITH IDMK=90 AT K=0.
DYNAMIC PRESSURE= 0.12000E+04 SLUG/FT/S**2

The output indicates the type of the trim system.

For a determined trim system, the output is:

DETERMINED TRIM SYSTEM

For an over-determined trim system, the output is:

OVER-DETERMINED TRIMSYSTEM WITH MINTI ATIONOBJECTTIVE FUNCTIONS= 10 AND CONSTR

The last output in the header section contains the TRIM TYPE, number of trim degrees of freedom, and the list
of the trim degrees of freedom such as:

TRIM TYPE = ASYMMETRIC FLIGHT CONDITION. NUMBER OF TRIM DEGRESS OF FREEDOM = 5 TRIM DEGREES OF FREEDOM ARE: NY NZ
PDOT QDOT RDOT

Note: TRIM TYPE can also be ‘SYMMETRIC FLIGHT CONDITION’, or ‘ANTI-SYMMETRIC FLIGHT
CONDITION’.

6.9.2  Results of the Aerodynamic Stability Derivatives of Trim Variables

This output section prints out the aerodynamic stability derivatives of all the trim variables listed in the
associated TRIM bulk data card. It begins with the program assigned and control surface type of trim variables.
All trim variables that generate the longitudinal aerodynamic stability derivatives are listed first, followed by
the lateral aerodynamic stability derivatives. The user defined trim variables (if any) are presented at the end of
this section.

Sample Output:

LONGITUDINAL (OR ASYMMETRIC) AERODYNAMIC STABILITY DERIVATIVES OF BOTH SIDES OF THE AIRCRAFT AT MACH= 0.9000
REFC= 10.0000 REFB= 40.0000 REFS= 400.0000 MOMENT CENTER(X,Y,Z)= 15.0000 0.0000 0.0000

| IDVAR | LABEL | DRAG COEFFICIENT| SIDE FORCE COEFF| LIFT COEFFICIENT|ROLL MOMENT COEFF|PITCH MOMENT COEF| YAW MOMENT COEFF |
| | | RIGID |FLEXIBLE| RIGID |FLEXIBLE| RIGID |FLEXIBLE| RIGID |FLEXIBLE| RIGID |FLEXIBLE| RIGID |FLEXIBLE|

| 500|THKCAM | 0.00001| 0.00001| 0.00000| 0.00000| 0.00845| 0.01248| 0.00000| 0.00000|-0.00645|-0.00932| 0.00000| 0.00000]
| uNITS= 1/DEG | E/R= 0.10000E+01| E/R= 0.10000E+01| E/R= 0.14779E+01| E/R= 0.10000E+01| E/R= 0.14447E+01| E/R= 0.10000E+01|
| 800|ALPHA | 0.00000| 0.00000| 0.00000| 0.00000| 0.08897| 0.13339| 0.00000| 0.00000|-0.05464]-0.08622| 0.00000| 0.00000|
| UNITS= 1/DEG | E/R= 0.10000E+01| E/R= 0.10000E+01| E/R= 0.14993E+01| E/R= 0.10000E+01| E/R= 0.15778E+01| E/R= 0.10000E+01]
| 700|QRATE | 0.00000| 0.00000| 0.00000| 0.00000|12.51645|16.48311| 0.00000| 0.00000|-10.8747|-13.7082| 0.00000| 0.00000]

| UNITS= 1/QC/2V | E/R= 0.10000E+01| E/R= 0.10000E+01| E/R= 0.13169E+01| E/R= 0.10000E+01| E/R= 0.12606E+01| E/R= 0.10000E+01]
| 600|CANARD | 0.00000| 0.00000| 0.00000| 0.00000| 0.00445| 0.00848| 0.00000| 0.00000| 0.00990| 0.00702| 0.00000| 0.00000]
| UNITS= 1/DEG | E/R= 0.10000E+01| E/R= 0.10000E+01| E/R= 0.19048E+01| E/R= 0.10000E+01| E/R= 0.70966E+00| E/R= 0.10000E+01|

LATERAL AERODYNAMIC STABILITY DERIVATIVES OF BOTH SIDES OF THE AIRCRAFT AT MACH= 0.9000
REFC= 10.0000 REFB= 40.0000 REFS= 400.0000 MOMENT CENTER(X,Y,Z)= 15.0000 0.0000 0.0000

| IDVAR | LABEL | DRAG COEFFICIENT| SIDE FORCE COEFF| LIFT COEFFICIENT|ROLL MOMENT COEFF|PITCH MOMENT COEF| YAW MOMENT COEFF |
| | | RIGID |FLEXIBLE| RIGID |FLEXIBLE| RIGID |FLEXIBLE| RIGID |FLEXIBLE| RIGID |FLEXIBLE| RIGID |FLEXIBLE|
| 400 | BETA | 0.00000| 0.00000|-0.01264|-0.01285| 0.00000| 0.00000| 0.00059| 0.00048| 0.00000| 0.00000|-0.00472|-0.00480|
| UNITS= 1/DEG | E/R= 0.10000E+01| E/R= 0.10169E+01| E/R= 0.10000E+01| E/R= 0.81216E+00| E/R= 0.10000E+01| E/R= 0.10166E+01]|
| 200 | PRATE | 0.00000| 0.00000|-0.08244[-0.09496| 0.00000| 0.00000|-0.42066|-0.44051| 0.00000| 0.00000|-0.02777|-0.03225]
| UNITS= 1/PB/2V | E/R= 0.10000E+01| E/R= 0.11519E+01| E/R= 0.10000E+01| E/R= 0.10472E+01| E/R= 0.10000E+01| E/R= 0.11611E+01|

| 900|RRATE | 0.00000| 0.00000|-0.74611]-0.75179| 0.00000| 0.00000| 0.04527| 0.03783| 0.00000| 0.00000|-0.29499|-0.29704|
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| UNITS= 1/RB/2V | E/R= 0.10000E+0l| E/R= 0.10076E+01| E/R= 0.10000E+01| E/R= 0.83558E+00| E/R= 0.10000E+01| E/R= 0.10069E+01|
| 100|AILERON | 0.00000| 0.00000|-0.00212]-0.00200| 0.00000| 0.00000|-0.00522|-0.00497| 0.00000| 0.00000|-0.00080]|-0.00076|
| UNITS= 1/DEG | E/R= 0.10000E+01| E/R= 0.94355E+00| E/R= 0.10000E+01| E/R= 0.95180E+00| E/R= 0.10000E+01| E/R= 0.94696E+00]|
| 300|RUDDER | 0.00000| 0.00000| 0.00661| 0.00635| 0.00000| 0.00000|-0.00072|-0.00062| 0.00000| 0.00000| 0.00332| 0.00322]
| UNITS= 1/DEG | E/R= 0.10000E+01| E/R= 0.96083E+00| E/R= 0.10000E+01| E/R= 0.86242E+00| E/R= 0.10000E+01| E/R= 0.97065E+00]|

USER DEFINED AERODYNAMIC STABILITY DERIVATIVES AT MACH= 0.9000 REFC= 10.0000 REFB= 40.0000 REFS= 400.0000
15.0000 0.0000 0.0000

| IDVAR | LABEL | DRAG COEFFICIENT| SIDE FORCE COEFF| LIFT COEFFICIENT|ROLL MOMENT COEFF |PITCH MOMENT COEF| YAW MOMENT COEFF |
| | | RIGID |FLEXIBLE| RIGID |FLEXIBLE| RIGID |FLEXIBLE| RIGID |FLEXIBLE| RIGID |FLEXIBLE| RIGID |FLEXIBLE|
| 1100|THRUST | 0.00833| 0.00833| 0.00000| 0.00000| 0.00000| 0.00000| 0.00000| 0.00000| 0.00000| 0.00000| 0.00000| 0.00000]|
| unITS= N/A | E/R= 0.10000E+01| E/R= 0.10000E+01| E/R= 0.10000E+01| E/R= 0.10000E+01| E/R= 0.10000E+01| E/R= 0.10000E+01|

MOMENT CENTER(X,Y,Z)=

where ‘REFC’, ‘REFB’, ‘REFS’ are the reference chord, reference span, and reference area, respectively.

The moment center (X, y, z) are the entries REFX, REFY, and REFZ defined in the AEROZ bulk data card.

‘DRAG COEFFICIENT’ = d(Cd) ‘SIDE FORCE COEFF’ = d(Cy) ‘LIFT COEFFICIENT’ =
d(trim variable) d(trim variable)
‘ROLL MOMENT COEFF’ = d(C]) ‘PITCH MOMENT COEF’= d(Cm) \YAW MOMENT COEFF’ =

d(trim variable) d(trim variable)

d(C.)

d(trim variable)

d(c,)

d(trim variable)

Please see the description of the TRIMVAR bulk data card for the definitions of the aerodynamic stability

derivatives.

Note:
configuration is modeled (XZSYM = "YES” in the AEROZ bulk data card).

All aerodynamic stability derivatives include both sides of the configuration even if only one half the
E/R (Elastic to Rigid

ratio) represents the ratio of the aerodynamic stability derivative between the flexible aircraft and the

rigid aircraft.

6.9.3  Results of the Minimization of the Over-Determined Trim System

This output section exists only if the trim system is an over-determined system. It prints out the minimization

results for both the flexible aircraft and the rigid aircraft.

Sample Output (for Flexible Aircraft):

FINAL RESULTS OF MINIMIZATION OF OBJECTIVE FUNCTION =

10 FOR FLEXIBLE AIRCRAFT

TRIM FUNCTION ID TYPE LABEL RHS ISSET IASET FUNCTION VALUE OBJECTIVE FUNCTION VALUE
11 AERO CDL 0.39486E+00 0.39486E+00
30 MODA DMI RHS SBAR110 ABAR110 -0.14877E+06 0.22133E+01
30 MODA DMI RHS SBAR110 ABAR110 -0.87339E+05 0.76281E+00
TOTAL VALUE= 7(’]7;;;;(7&3;&;7
TRIM FUNCTION ID, TYPE, Entries defined in the TRIMFNC bulk data card whose identification

LABEL, RHS, ISSET, and IASET
FUNCTION VALUE

OBJECTIVE FUNCTION VALUE
TOTAL VALUE

numbers are listed in the TRIMOBJ bulk data card

Results of the trim function of the TRIMFNC bulk data card that is
referred to by the TRIMOBJ bulk data card

Result of the equation described in the TRIMOBJ bulk data card

Summary of all the functions listed in the TRIMOBJ bulk data card; this
total value is the objective function to be minimized in solving the trim
system
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FINAL RESULTS OF MINIMIZATION WITH CONSTRAINT FUNCTIONS: SET ID= 20

TRIMFNC ID TYPE LABEL RHS ISSET IASET FUNCTION VALUE GE/LE CONSTRAINT VALUE SATISFIED?

10 AERO LOADMOD RHS

TRIM FUNCTION ID, TYPE,

100

LABEL, RHS, ISSET, and IASET

FUNCTION VALUE

GE/LE and CONSTRAINT
VALUE

CONSTRAINT VALUE
SATISFY ="YES”

Sample Output (for Rigid Aircraft):

0 0.72350E+06 LT 0.81000E+06 YES

Entries defined in the TRIMFNC bulk data card whose identification
numbers are listed in the TRIMCON bulk data card

Results of the trim function of the TRIMFNC bulk data card that is
referred to by the TRIMCON bulk data card

Entries GTORLT and VAULE, respectively, in the TRIMCON bulk
data card

Result of the equation defined in the TRIMCON bulk data card
Indicates that the constraint is satisfied, otherwise, SATISFY = "NO”

FINAL RESULTS OF MINIMIZATION OF OBJECTIVE FUNCTION = 10 FOR RIGID AIRCRAFT

TRIM FUNCTION ID TYPE LABEL RHS ISSET IASET FUNCTION VALUE OBJECTIVE FUNCTION VALUE
11 AERO CDL 0.36759E+00 0.36759E+00
30 MODA DMI RHS SBAR110 ABAR110 0.00000E+00 0.00000E+00
30 MODA DMI RHS SBAR110 ABAR110 0.00000E+00 0.00000E+00
TOTAL VALUE= 0.36759E+00
FINAL RESULTS OF MINIMIZATION WITH CONSTRAINT FUNCTIONS: SET ID= 20

TRIMFNC ID TYPE LABEL RHS ISSET
10 AERO LOADMOD RHS 100

0

IASET FUNCTION VALUE GE/LE CONSTRAINT VALUE SATISFIED?
0.68091E+06 LT 0.81000E+06 YES

All parameters have the same definitions as those of the flexible aircraft.

6.9.4  Solutions of the Trim System

This section describes the output of the solutions of the trim degrees of freedom and the trim variables.

Sample Output:

TRIM RESULTS

NUMBER OF TRIM DEGREES OF FREEDOM = 5
LABEL SYMMETRY FLAG

XCG =

O F TRIM EXECUTIVE CONTROL = 100
0.1727E+402 YCG = 0.0000E=02 2ZCG = 0.3100E-01
FLEXIBLE RIGID

USER INPUT: NY ANTI-SYMMETRIC  0.0000E+00 G 0.0000E+00 FT /S/S 0.0000E+00 G 0.0000E+00 FT /S/S
USER INPUT: NZ SYMMETRIC  4.8000E+00 G 1.5444E+02 FT /S/S 4.8000E+00 G 1.5444E+402 FT /S/S
USER INPUT: PDOT ANTI-SYMMETRIC  0.0000E+00 RAD/FT  0.0000E+00 RAD/S/S 0.0000E+00 RAD/FT  0.0000E+00 RAD/S/S
USER INPUT:  QDOT SYMMETRIC ~ 0.0000E+00 RAD/FT  0.0000E+00 RAD/S/S 0.0000E+00 RAD/FT  0.0000E+00 RAD/S/S
USER INPUT: RDOT ANTI-SYMMETRIC  0.0000E+00 RAD/FT  0.0000E+00 RAD/S/S 0.0000E+00 RAD/FT  0.0000E+00 RAD/S/S
LABEL List of all trim degrees of freedom involved in the trim system. These trim degrees of

freedom are specified in the TRIM bulk data card with their respective entries # “NONE”.

‘USER INPUT” indicates that its corresponding trim degree of freedom is a given value

whereas ‘COMPUTED?” indicates that its input is a character string = “FREE”.
SYMMETRIC Indicates whether the trim degree of freedom is a longitudinal (SYMMETRIC) or lateral

FLAG (ANTI-SYMMETRIC) degree of freedom.
FLEXIBLE, Results of the trim degrees of freedom in terms of acceleration of the flexible and the rigid
RIGID aircraft, respectively. All accelerations are printed out in two types of units; in terms of

gravitational acceleration (1/G for translational acceleration and rad/s/s/G for angular
acceleration) and in terms of true units.

NUMBER OF TRIM VARIABLES =

6-27



ZAERO OUTPUT DESCRIPTION

IDVAR LABEL SYMMETRY FLAG FLEXIBLE RIGID UNITS LOWER LIMIT UPPER LIMIT SATISFIED?
USER INPUT: 501 THKCAM SYMMETRIC 1.00000E+00 1.00000E+00 NONE -1.00000E+30 1.00000E+30 YES
COMPUTED : 800 ALPHA SYMMETRIC 1.38787E+01 9.90737E+00 DEGREES -5.00000E+01 5.00000E+01 YES
USER INPUT: 700 QRATE SYMMETRIC 0.00000E+00 0.00000E+00 Qc/2v -1.00000E+30 1.00000E+30 YES
COMPUTED : 600 CANARD SYMMETRIC 2.18827E+01 3.01585E+01 DEGREES -4.00000E+01 4.00000E+01 YES
COMPUTED: 1000 TEFLAP SYMMETRIC 1.50000E+01 1.00000E+00 DEGREES -1.50000E+01 1.50000E+01 YES
USER INPUT: 1100 THRUST USER DEFINED -1.00000E+00 -1.00000E+00 N/A -1.00000E+30 1.00000E+30 YES
IDVAR Identification number of the trim variables listed in the TRIM bulk data card.
USER INPUT, These parameters have the same definitions as those of the trim degrees of freedom.
COMPUTED,
SYMMETRIC
FLAG, FLEXIBLE,
RIGID
UNITS True units of the trim variables.
LOWER LIMIT, The lower and upper bounds of the trim variables. Note that these bounds are active
UPPER LIMIT only for the over-determined trim system.
SATISFIED Indicates that the trim variable is within its bounds (‘YES’) or outside its bounds
('NO”)

6.9.5 Summary of the Total Aerodynamic Force and Moment Coefficients

The total aerodynamic force and moment coefficients are the resultant aerodynamic forces and moments of the
trim system for the whole aircraft (even if only one half of the configuration is modeled).

Sample Output:

SUMMARY OF TOTAL AERODYNAMTIC FORCES A N D MOMENTS
COEFFICIENTS FLEXIBLE RIGID UNITS

INDUCED DRAG (CDL) 0.09506 0.09111 FX/REFS/Q
DRAG OF THKCAM (CDO) : 0.00001 0.00001 FX/REFS/Q
SIDE FORCE (CY) : 0.00000 0.00000 FY/REFS/Q
LIFT(CL) : 0.16010 0.16010 FZ/REFS/Q
ROLL MOMENT (CR) : 0.00000 0.00000 MX/REFS/REFB/Q
PITCH MOMENT (CM) : 0.00000 0.00000 MY/REFS/REFC/Q
YAW MOMENT (CN) : 0.00000 0.00000 MZ/REFS/REFB/Q
INDUCED Non-dimensional drag coefficient due to the slopes along the streamwise direction of
DRAG(CDL) trim variables. CDL is the induced drag force normalized by the reference area (REFS)

and the dynamic pressure (Q).

DRAG OF Drag coefficient of the program assigned trim variable ‘THKCAM’ that is computed
THKCAM(CDO)  based on the TRIMFLT bulk data card referred to by the MKAEROZ bulk data card.
The normalization factor of CDO is the same as that of CDL.

SIDE Non-dimensional side force, lift force, roll moment, pitch moment, and yaw moment
FORCE(CY), coefficients, respectively. Their respective normalization factors involve the reference
LIFT(CL), area (REFS), reference chord (REFC), reference span (REFB), and dynamic pressure
ROLL Q).

MOMENT(CR),

PITCH

MOMENT(CM),

YAW

MOMENT(CN)
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6.9.6 Solution of the Generalized Coordinates of the FEM Modes

The following output is the solution of the generalized coordinates of the FEM modes. The resulting elastic
deformation of the trim analysis is obtained by superimposing the FEM modes with these generalized
coordinates. The number of generalized coordinates is equal to the number of modes imported by the “ASSIGN
FEM=" Executive Control Command. These generalized coordinates are written in the DMI bulk data card
format and can be used as the initial conditions of the generalized coordinates for transient response analyses.
Thus, the user can “cut and paste” the following output into the ZAERO input deck and refer to these DMI
cards by the MLDTRIM bulk data card.

MODAL COORDINATES SOLUTION O F 21 SYMMETRTIC M ODES

IN DMI BULK DATA FORMAT. THIS CAN BE USED AS THE INITIAL CONDITION OF THE TRANSIENT RESPONSE ANALYSIS
DMI SMODAL 0 2 2 DMIL 21 1

DMIL SMODAL 1 1+0.000000000E+00+CONT

+CONT +0.000000000E+00+0.000000000E+00+1.267079264E-01-6.628664676E-03+CONT
+CONT +6.492267858E-06+1.348659047E-03+1.318661380E-03+6.447139313E-04+CONT

+CONT -8.022681141E-05-5.619301228E-04+9.138908581E-07-7.692802342E-07+CONT
+CONT +9.117823652E-08+3.470000536E-07-3.594846203E-05-1.389859676E-06+CONT
+CONT -1.570995494E-07+2.348619716E-07+3.692851180E-07-1.350223187E-07
MODATL COORDINATES SOLUTION O F 16 ANTI-SYMMETRTIC MODES
IN DMI BULK DATA FORMAT. THIS CAN BE USED AS THE INITIAL CONDITION OF THE TRANSIENT RESPONSE ANALYSIS
DMI AMODAL 0O 2 2 DMIL 16 1
DMIL AMODAL 1 1+0.000000000E+00+CONT

+CONT +0.000000000E+00+0.000000000E+00-2.337693877E-04-3.587377723E-04+CONT
+CONT +5.458137766E-02+8.990799543E-04-1.274312753E-02-1.789082540E-03+CONT
+CONT +1.117296233E-05-6.976367440E-04-3.550151014E-04-2.370414768E-05+CONT
+CONT +2.161977136E-06-1.557022529E-06-2.835790838E-06

For symmetric trim analysis, only the symmetric modal solution is output. For an antisymmetric trim analysis,
only the antisymmetric modal solution is output. For an asymmetric trim analysis, both the symmetric and
antisymmetric modal solutions are printed out.

6.9.7 Results of the Trim Functions

This section appears only if the LOADSET entry in the TRIM bulk data card refers to a SET1 bulk data card
that lists a set of identification numbers of the TRIMFNC bulk data cards. The final results of these trim
functions are printed out individually.

Sample Output:

VALUES O F TRIM FUNCTIONS REFERRED T O BY SET1 = 100
TRIM FUNCTION ID TYPE LABEL RHS ISSET IASET FLEXIBLE VALUES RIGID VALUES REMARK
10 AERO LOADMOD RHS 100 -0.50922E+05 -0.50490E+05 HM.OF.RHS.AIL
20 FEM LOADMOD RHS 101 0.18976E+06 0.18029E+06 BM.OF.RHS.WING
25 FEM LOADMOD LHS 101 -0.22075E+06 -0.21549E+06 BM.OF.LHS.WING
30 MODA DMI RHS SBAR110 ABAR110 -0.13552E+07 0.00000E+00 STRESS.CBAR=110
30 MODA DMI RHS SBAR110 ABAR110 -0.11086E+07 0.00000E+00 STRESS.CBAR=110

TRIM FUNCTION ID,  Entries specified in the TRIMFNC bulk data card.

TYPE, LABEL, RHS,

ISSET, IASET

FLEXIBLE VALUES, Values of the trim function of the flexible aircraft and the rigid aircraft,

RIGID VALUES respectively.

REMARK User defined comments specified in the REMARK entry of the TRIMFNC bulk
data card.
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6.10 Transient Maneuver Loads Results

The output of the transient maneuver loads analysis can be divided into six sections: the header, the time history
of the pilot input commands, the output of the rational aerodynamic approximation, the output of the
transformation matrix and state space matrices, time histories of the airframe states and the FEM modal
coordinates, and the time histories of the parameters listed in the MLDPRNT bulk data card.

6.10.1 Header

The output of header begins with the TITLE, SUBTITLE, and LABEL as defined in the Case Control
Commands.

TITLE = HA144D FORWARD SWEEP WING FOR TRANSIENT MANUEVER LOADS ANALYSIS.
SUBTITLE= SYMMETRIC BOUNDARY CONDITION AT MACH=0.9 AND SEA LEVEL
LABEL = PILOT INPUT COMMAND TO CANARD

The following warning message occurs only if more than one velocity and density pairs are specified in the
FIXMACH, FIXMATM, or FIXMDEN bulk data card. This warning message indicates that the transient
maneuver loads analysis only takes the first pair as the flight condition and ignores the remaining pairs.

***** WARNING + o+ s

BULK DATA CARD FIXMDEN WITH ID= 10 SPECIFIES MORE THAN ONE VELOCITY AND DENSITY PAIRS
BUT MLOADS MODULE ALLOWS ONE PAIR PER ANALYSIS. ONLY THE FIRST VELOCITY AND DENSITY PAIR ( 0.1005E+04 0.2376E-02) IS USED

The following message indicates that this is a symmetric maneuver case. This information is obtained based on
the SYM entry of the FLUTTER bulk data card. For SYM=ANTI and SYM=ASYM, the following message
becomes ANTI-SYMMETRIC SYSTEM and ASYMMETRIC SYSTEM, respectively.

** TRANSIENT MANETUVER LOADS ANALYSTIS O F SYMMETRTIC SYSTEM * *

6.10.2 Time History of the Pilot Input Commands

The following plot is the X-Y diagram of the pilot input commands that is defined by the MLDCOMD bulk
data card. If there are more than one EXTINP entries specified in the MLDCOMD bulk data card, multiple
plots are generated which correspond to each EXTINP entry.

*% %% THE FIRST 1 PILOT INPUT COMMANDS VERSUS TIME ** %
X 0.3000E+01
1.0 + AAAAA AAAAA AARAA AARAA AAAAA A
A A
A A
0.0 ARA-AAA----- 4mmm e 4 4 A--mgmmmmmmm e 4 4mmm e A-AAAAA-AAAAA- AAAAA-AAAAA-ARAAA-AAAAA-AA+
A A
A A
-1.0 + AAAA AAAMAA AAAAA AAAAA ARAAA AA

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.
TIME ( X 2.000E+00 )

6-30



ZAERO OUTPUT DESCRIPTION

6.10.3

Output of the Rational Aerodynamic Approximation

The following output is the rational aecrodynamic approximation results according to the MINSTAT bulk data
card. Please see section 6.8.1 for its description.

Iteration
Iteration
Iteration
Iteration
Iteration

The final

SUMMARY O F AERODYNAMIC APPROXIMATION

MLOADS BULK DATA CARD ID = 100 WITH MINSTAT BULK DATA CARD ID = 140

MINIMUM STATE METHOD APPLTIED

NUMBER OF STRUCTURAL MODES 21
NUMBER OF CONTROL MODES 0
NUMBER OF GUST MODES 1
NUMBER OF REDUCED FREQUENCY VALUES 16
MAXIMUM NUMBER OF ITERATIONS 80

4 AERODYNAMIC ROOTS DEFINED: -2.0000E-01 -3.5000E-01 -6.5000E-01 -8.5000E-01

UNIFORM WEIGHTING APPLIED.

DATA PARTITIONING FOR APPROXIMATION CONSTRAINTS SETTING:

NUMBER OF ROW PARTITIONS: 1
FIRST ROW NUMBER OF THE PARTITIONS: 1
NUMBER OF COLUMN PARTITIONS: 1
FIRST COLUMN NUMBER OF THE PARTITIONS: 1
DEFAULT CONSTRAINT SETTINGS: AO= 1; Al= -1; A2= -1

NO NON-DEFAULT CONSTRAINTS DEFINED.

1 D-E .10485E+02 E-D .60855E+01
2 D-E .53927E+01 E-D .50811E+01
78 D-E .35599E+01 E-D .35595E+01
79 D-E .35591E+01 E-D .35587E+01
80 D-E .35583E+01 E-D .35579E+01

Error =.35579E+01

6.10.4

Output the Transformation Matrix and State Space Matrices

The following three matrices are the transformation matrix from the structural rigid body degrees of freedom to
the airframe states, its inverse matrix, and the product of these two matrices. This output appears only if the
PRINT entry of the MLDTIME bulk data card is greater than zero (PRINT>0) which allows the user to ensure
the accuracy of the transformation. Note that this transformation matrix may not be a square matrix. The rows
correspond to the structural rigid body degrees of freedom (specified in the SUPORT entry of the “ASSIGN
FEM=" Executive Control Command) and the columns correspond to the airframe states (specified in the
MLDSTAT bulk data card). The inverse of this matrix is solved by a singular value decomposition routine.

*

1 0
2 0
3 0
4 -1
5 0
6 0

P
1 0
2 0
3 0
4 0

* x
1 0
2 0
3 0
4 0
5 0
6 0

* * TRANSFORMATION MATRIX FROM FEM RIGID BODY STATES TO AIRFRAME STATES * * *

1 2 3 4
.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
.0000E+00 0.0000E+00 O0.0000E+00 1.0000E+00
.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
.0000E+00 -1.0050E+03 0.0000E+00 1.0050E+03
.0000E+00 0.0000E+00 1.0000E+00 0.0000E+00

* INVERSE OF THE TRANSFORMATION MATRIX BY SINGULAR VALUE DECOMPOSITION METHOD * * *

1 2 3 4 5
.0000E+00 0.0000E+00 O0.0000E+00 -1.0000E+00 0.0000E+00 0.0000E+00
.0000E+00 2.2737E-13 1.0000E+00 0.0000E+00 -9.9502E-04 0.0000E+00
.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.0000E+00
.0000E+00 2.2737E-13 1.0000E+00 O0.0000E+00 O0.0000E+00 0.0000E+00
* THE PRODUCT OF THE ABOVE TWO MATRCES * * *

1 2 3 4 5 6
.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
.0000E+00 0.0000E+00 O0.0000E+00 O0.0000E+00 O0.0000E+00 0.0000E+00
.0000E+00 2.2737E-13 1.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
.0000E+00 0.0000E+00 O0.0000E+00 1.0000E+00 0.0000E+00 0.0000E+00
.0000E+00 7.7548E-26 2.2737E-13 0.0000E+00 1.0000E+00 0.0000E+00
.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.0000E+00
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The following two matrices are the [A] and [B] matrices of the state space equations

finite element (FEM) modal coordinates. This output appears only if the PRINT entry
data card is greater than one (PRINT>1).

defined in the structural

of the MLDTIME bulk

SYSTEM MATRIX [A]

1
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

41
0.0000E+00
0.0000E+00
0.0000E+00

-1.1278E+00
3.9241E+00
-6.6480E+00

SYSTEM MATRIX [B]

1
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

2
.0000E+00
.0000E+00
.0000E+00

ocoo

o

.0000E+00
.0000E+00
.0000E+00

oo

42
.0000E+00
.0000E+00
.0000E+00

ocoo

N

.9371E-01
.8120E-01
.2272E-01

® n

2
.0000E+00
.0000E+00
.0000E+00

ocoo

-4.0199E+01
.5575E+02
-2.3310E+02

-

3
.0000E+00
.0000E+00
.0000E+00

ocoo

o

.0000E+00
.0000E+00
.0000E+00

oo

43
.0000E+00
.0000E+00
.0000E+00

ocoo

o

.0000E+00
.0000E+00
.0000E+00

oo

DEFINED IN THE FEM STATES

4
.0000E+00
.0000E+00
.0000E+00

ocoo

o

.0000E+00
.0000E+00
.0000E+00

oo

44
.0000E+00
.0000E+00
.0000E+00

ocoo

<

.0350E+01
.0000E+00
.0000E+00

oo

DEFINED IN THE FEM STATES

0.

0.

0.
0.
0.

0.
0.
0.

0.
-1.
0.

5
0000E+00
.0000E+00
0000E+00

0000E+00
0000E+00
0000E+00

45
0000E+00
0000E+00
0000E+00

0000E+00
3065E+02

0000E+00 -1.

ocoo

ocoo

ocoo

oo

6

.0000E+00
.0000E+00
.0000E+00

.0000E+00
.0000E+00
.0000E+00

46

.0000E+00
.0000E+00
.0000E+00

.0000E+00
.0000E+00
7085E+02

ocoo

ocoo

7

.0000E+00
.0000E+00
.0000E+00

.0000E+00
.0000E+00
.0000E+00

ocoo

ocoo

8

.0000E+00
.0000E+00
.0000E+00

.0000E+00
.0000E+00
.0000E+00

ocoo

ocoo

9

.0000E+00
.0000E+00
.0000E+00

.0000E+00
.0000E+00
.0000E+00

ocoo

ocoo

10

.0000E+00
.0000E+00
.0000E+00

.0000E+00
.0000E+00
.0000E+00

The following output is the eigenvalues of the above matrix [A]. Note that if any real part of these eigenvalues
is positive, a warning message appears to indicate that the system is unstable and could result in a divergent
time response.

COMPLEX EIGENVALUES OF THE SYSTEM MATRIX [A]

6 FEM RIGID BODY STATES,
REAL IMAGINARY

1 0
6 -2
11 -2.
16 -2.
21 -6.
26 -3.
31 -4.
36 -1.
41 -5.
46 6

.953E-09

.000E+00 O

.973E-02 4

418E-03 -4.
572E-03 2

641E-04 -1.
843E+00 8

528E+00 -3.
470E+02 3

852E+00 -5.

o

.000E+00 2
.923E+03 7 -2.

IS

414E+03 12 -1.

.907E+03 17 -2.

673E+03 22 -2.

.324E+02 27 -3.

.000E+00 O
973E-02 -4.
514E-01 3.
572E-03 -2.
687E-04 1.
843E+00 -8.
041E+01 2.

524E+02 32 -1.

.547E+01 37 -1.

187E+01 42 -6.

.000E+00

REAL IMAGINARY

470E+02 -3.
103E+01 O.

.000E+00 3

923E+03 8
465E+03 13
907E+03 18
331E+03 23
324E+02 28
693E+02 33
547E+01 38
000E+00 43

)

-3.
-1.
-2.
-2.
-4.
-1.
-2.
-3.

36 FEM ELASTIC MODAL STATES AND

DEFINED IN THE FEM MODAL STATES THAT INCLUDES:

4 AERODYNAMIC+CONTROL STATES
IMAGINARY

REAL IMAGINARY
.000E+00 0.000E+00
131E-03 4.844E+03
514E-01 -3.465E+03
120E-05 2.145E+03
687E-04 -1.331E+03
033E+00 4.377E+02
041E+01 -2.693E+02
449E+00 1.150E+02
564E+01 0.000E+00

REAL

4 -1.129E-01
9 -3.131E-03
14 -2.849E+00
19 -2.120E-05
24 -3.389E+00
29 -4.033E+00
34 -3.769E-04
39 -2.449E+00
44 -4.591E+00

"

-4.
3.
-2.
9.
-4.
2.
-1.

"

.134E+04

844E+03
210E+03
145E+03
039E+02
377E+02
300E+02
150E+02

.683E+01

10
15
20
25
30
35
40
45

-1.
-2.
-2.
-6.
-3.
-4.
-3.
-5.
-4.

REAL
129E-01
418E-03
849E+00
641E-04
389E+00
528E+00
769E-04
852E+00
591E+00

IMAGINARY

-1.
4.
-3.
1.
-9.
3.
-2.
5.
-1.

134E+04
414E+03
210E+03
673E+03
039E+02
524E+02
300E+02
187E+01
683E+01

The following two matrices are the [A] and [B] matrices of the state space equations defined in the airframe
if the PRINT entry of the MLDTIME bulk data card

states (after the transformation).

is greater than one (PRINT>1).

This output appears only

SYSTEM MATRIX [A]

1
.0000E+00
.0000E+00
.0000E+00

ocoo

o

.0000E+00
.0000E+00
.0000E+00

oo

41
-2.0473E-03
-4.9990E-04
-6.5922E-02

2
-5.2074E+00
-4.4758E+00
-1.6768E+02

-3.3297E+03
1.1229E+04
-3.9313E+04

42
.3688E-04
.7457E-05
.0848E-02

'
B oow

3
1.0070E-01
9.6564E-01
3.2426E+00

N

.7098E+00
.1074E+01
.2559E+02

oo

43
.7218E-04
.0519E-05
.1984E-02

oW

N

4
.6262E-02
.9689E-03
.2364E-01

w o

w

.3297E+03
-1.1229E+04
.9313E+04

w

44
.1523E-04
.7430E-06
.7103E-03

-

w o

-5
-3
-1

ocoo

DEFINED IN THE AIRFRAME STATES

5
.0708E-01
.4963E-01
.6328E+01

.0000E+00
.0000E+00
.0000E+00

w oo

ocoo

.3789E-
.3403E-
.0200E+01

6
01
01

.0000E+00
.0000E+00
.0000E+00

RN

ocoo

7
.0464E-02
.9059E-03
.3695E-01

.0000E+00
.0000E+00
.0000E+00

-2
-1
-6

ocoo

8

.0841E+00
.4351E+00
.7107E+01

.0000E+00
.0000E+00
.0000E+00

-4 .
-8.
-1.

ocoo

9
8038E-02
2483E-01
5468E+00

.0000E+00
.0000E+00
.0000E+00

-3.
-7.
-1.

ocoo

10
4965E+00
7482E-01
1259E+02

.0000E+00
.0000E+00
.0000E+00
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o

42

.0000E+00 -7.0350E+01 0.0000E+00 0.0000E+00
43 0.0000E+00 0.0000E+00 -1.3065E+02 0.0000E+00
44 0.0000E+00 0.0000E+00 0.0000E+00 -1.7085E+02
SYSTEM MATRIX [B] DEFINED IN THE AIRFRAME STATES
1 2
1 1.6446E+00 -6.7107E-03
2 -3.6381E-01 -5.3481E-03
3 5.2956E+01 -2.1608E-01
42 0.0000E+00 -4.0199E+01
43 0.0000E+00 1.5575E+02
44 0.0000E+00 -2.3310E+02

The following output is the eigenvalues of the above matrix [A]. Note that if any real part of these eigenvalues
is positive, a warning message appears to indicate that the system is unstable and could result in a divergent
time response. Also, these eigenvalues should be in good agreement with these of the [A] matrix defined in the
FEM states. If such an agreement cannot be found, the transformation matrix could be incorrect.

COMPLEX EIGENVALUES OF THE SYSTEM MATRIX [A] DEFINED IN THE AIRFRAME STATES THAT INCLUDES:

4 AIRFRAME STATES, 36 FEM ELASTIC MODAL STATES AND 4 AERODYNAMIC+CONTROL STATES
REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY
1 0.000E+00 0.000E+00 2 -1.129E-01 1.134E+04 3 -1.129E-01 -1.134E+04 4 -2.973E-02 4.923E+03 5 -2.973E-02 -4.923E+03

6 -3.131E-03 4.844E+03 7 -3.131E-03 -4.844E+03 8 -2.418E-03 4.414E+03 9 -2.418E-03 -4.414E+03 10 -1.514E-01 .465E+03
11 -1.514E-01 -3.465E+03 12 -2.849E+00 .210E+03 13 -2.849E+00 -3.210E+03 14 -2.572E-03 2.907E+03 15 -2.572E-03 -2.907E+03
16 -2.120E-05 2.145E+03 17 -2.120E-05 -2.145E+03 18 -6.641E-04 1.673E+03 19 -6.641E-04 -1.673E+03 20 -2.687E-04 1.331E+03
21 -2.687E-04 -1.331E+03 22 -3.389E+00 9.039E+02 23 -3.389E+00 -9.039E+02 24 -3.843E+00 .324E+02 25 -3.843E+00 -8.324E+02
26 -4.033E+00 4.377E+02 27 -4.033E+00 -4.377E+02 28 -4.528E+00 3.524E+02 29 -4.528E+00 -3.524E+02 30 -1.041E+01 2.693E+02
31 -1.041E+01 -2.693E+02 32 -3.769E-04 2.300E+02 33 -3.769E-04 -2.300E+02 34 -1.470E+02 3.547E+01 35 -1.470E+02 -3.547E+01
36 -2.449E+00 1.150E+02 37 -2.449E+00 -1.150E+02 38 -5.852E+00 5.187E+01 39 -5.852E+00 -5.187E+01 40 -6.103E+01 .000E+00
41 -4.591E+00 1.683E+01 42 -4.591E+00 -1.683E+01 43 6.967E-09 O0.000E+00 44 -3.564E+01 .000E+00

w
w

®

o
o

6.10.5 Time Histories of the Airframe States and the FEM Modal Coordinates

The following output are the transient responses of the airframe states and the FEM modal coordinates. All
units involved in the results are defined by the mass and length units of the FTMUNIT and FTLUNIT entries of
the FIXMACH, FIXMATM, or FIXMDEN bulk data card.

SUMMARY OF THE TRANSIENT MANEUVER LOADS RESULTS
MACH= 0.900, VELOCITY= 0.1005E+04 ( FT/ SEC ), DENSITY= 0.2376E-02 (SLUG/FT**3 )
DYNAMIC PRESSURE= 0.11999E+04 (SLUG/FT/S**2)

TITLE = HA144D FORWARD SWEEP WING FOR TRANSIENT MANUEVER LOADS ANALYSIS.
SUBTITLE= SYMMETRIC BOUNDARY CONDITION AT MACH=0.9 AND SEA LEVEL
LABEL = PILOT INPUT COMMAND TO CANARD

The following output are the numerical values of the transient responses of the airframe states. This output can
be turned off by setting PRINT<O0 in the MLDTIME bulk data card.

* *x TIME HISTORTIES OF 4 AIRFRAME STATES * * *
STARTING TIME = 0.00000E+00, ENDING TIME = 0.20000E+01, DT= 0.20000E-01

TIME U ALPHA Q THETA

UNITS FT/ S RAD RAD/SEC RAD
0.00000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.02000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

.04000 O0.0000E+00 O0.0000E+00 O0.0000E+00 0.0000E+00

- o

.92000 -6.2128E-05

1 5.7768E-04 -2.0005E-03 6.0149E-04
1.94000 -1.4318E-04 4.4259E-04 -4.6104E-03 5.3394E-04
1.96000 -2.0270E-04 2.7994E-04 -6.5271E-03 4.2146E-04
1.98000 -2.3381E-04 1.0749E-04 -7.5287E-03 2.7903E-04
MAXIMUM -6.8367E-03 -1.2760E-02 -2.2010E-01 -9.9670E-03
AT TIME 8.4000E-01 9.4000E-01 8.4000E-01 9.6000E-01

The following plots are the X-Y diagrams of the time history of the airframe states. Each airframe state
produces one X-Y diagram.
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*ok ok ok AIRFRAME STATE (U UNITS= FT/ S ) VERSUS TIME * * % %
X 0.6837E-02
1.0 +

-1.0 + A A
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.
TIME ( X 2.000E+00 )

The following output are the numerical values of the transient responses of the generalized modal coordinates of
the structural modes. This output can be turned off by setting PRINT<0 in the MLDTIME bulk data card.

** *x TIME HISTORTIES O F 21 GENERALTIZED MODAL COORDINATES * * *
STARTING TIME = 0.00000E+00, ENDING TIME = 0.20000E+01, DT= 0.20000E-01

TIME MODE 1 MODE 2 MODE 3 MODE 4 MODE 5 MODE 6 MODE 7 MODE 8 MODE 9 MODE 10
UNITS NONE NONE NONE NONE NONE NONE NONE NONE NONE NONE
0.00000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.02000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.04000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
1.94000 O0.0000E+00 0.0000E+00 5.3394E-04 2.7920E-03 1.3435E-04 -6.9347E-06 7.1934E-05 2.2499E-05 2.7652E-05 -2.4586E-06
1.96000 0.0000E+00 0.0000E+00 4.2146E-04 2.2976E-03 -1.6970E-04 -7.6093E-07 5.8655E-05 1.8727E-05 1.7538E-05 -3.4110E-06
1.98000 0.0000E+00 0.0000E+00 2.7903E-04 1.5068E-03 3.9076E-05 5.5398E-06 4.0028E-05 1.2441E-05 1.1315E-05 -3.3229E-06
MAXIMUM 0.0000E+00 0.0000E+00 -9.9670E-03 -1.0759E-01 4.3316E-03 -2.5845E-05 -1.5175E-03 -9.3420E-04 -6.6093E-04 8.6329E-05
AT TIME 8.4000E-01 9.4000E-01 9.6000E-01 9.4000E-01 1.0200E+00 7.6000E-01 9.6000E-01 9.4000E-01 9.2000E-01 1.0000E+00
TIME MODE 21

UNITS NONE

0.00000 0.0000E+00

0.02000 0.0000E+00

0.04000 0.0000E+00

1.94000 1.4402E-07

1.96000 8.7560E-08

1.98000 1.2597E-08

MAXIMUM 2.2792E-07

AT TIME 1.1800E+00

The following is the X-Y diagram of the time history of the FEM modal coordinates. Only one diagram is
produced that contains multiple curves of the modal coordinates.

* *x TIME HISTORTIES OF 20 GENERALTIZED MODAL COORDINATES * * %
STARTING TIME =-0.20000E+01, ENDING TIME = 0.20000E+01, DT= 0.20000E-02

*oxox % THE FIRST 10 MODAL COORDINATES VERSUS TIME * * *x %

X 0.2193E+01
1.0

+
|
|
|
|
|
|
|
|
|

0.0 JJJgJJdgJddggdgaggdaaggdaaggdgaaggdaagggaaggdaagggaagggaagggaagggaagggagggaagggayggaaggdaygdaagadaagggagggaagagaaadaaggaaggagagayagaaagaaad+
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|
|
| ARA ARARARA
| A AAAA AAARAAAAAAAAAAAA
| AR ARAA
| ARAR ARAAA
| ARRA AAR
| ARA AR
| ARA AR
1.0 + ARAAA
-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5

TIME ( X 4.000E+00 )

6.10.6 Time Histories of the Parameters Listed in the MLDPRNT Bulk Data Card

The following plots are the X-Y diagrams of the transient responses of those parameters listed in the
MLDPRNT bulk data card. Each parameter produces one X-Y diagram. Note that the numerical values of
these transient responses are printed in the external ASCII file defined in the MLDPRNT bulk data card.

koK ok 12 TIME HISTORY PLOTS FOR BULK DATA MLDPRNT ID = 100 *oko*
STARTING TIME = 0.00000E+00, ENDING TIME = 0.20000E+01, DT= 0.20000E-01

* & & LABEL= STATE ' I KEY = ALPHA &
X 0.1276E-01
1.0 +
AAA A
A AR
A AR A AAAA
AAAAA AAAA A
A A
A A AA
A A AA
A A A AR
0.0 AAA-AAAAA-A-+----------~- Homm--mo--- Homm--mo--- Hommm-mo--- Homm------- Homm--mo--o- +-A--------- +A--------- AAAA-A--AA-AA+
A A AAAAA A
A
A
A AAAA A A
A AR A
A A AA AA A
A AR
A A
A A
-1.0 + AA A
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.

6.11 Transient Ejection Loads Results

The output of the transient ejection loads analysis is very similar to that of the transient maneuver loads analysis
except that the information of the state space equations is printed out for each time interval corresponding to
each ejection time. The entire output of the transient ejection loads analysis can be divided into seven sections:
the header, the time history of the pilot input commands and the ejection forces, the natural frequencies and
modal damping ratios of each time interval (time intervals are defined by the initial time, ending time, and the
ejection time), acrodynamic approximations of each time interval, time histories of the airframe states and the
FEM modal coordinates, and the time histories of the parameters listed in the MLDPRNT bulk data card.

6.11.1 Header

The output of header begins with the TITLE, SUBTITLE, and LABEL as defined in the Case Control
Commands.

SUBTITLE= SYMMETRIC BOUNDARY CONDITION AT MACH=0.9 AND SEA LEVEL
LABEL = PILOT INPUT COMMAND TO CANARD, EJCTION FORCE APPLIED AT GRID 120

The following warning message occurs only if more than one velocity and density pairs are specified in the
FIXMACH, FIXMATM, or FIXMDEN bulk data card. This warning message indicates that the transient
maneuver loads analysis only takes the first pair as the flight condition and ignores the rest of the pairs.
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* x x * * WARNTING * % % % *
BULK DATA CARD FIXMDEN WITH ID=10 SPECIFIES MORE THAN ONE VELOCITY AND DENSITY PAIRS
BUT MLOADS MODULE ALLOWS ONE PAIR PER ANALYSIS. ONLY THE FIRST VELOCITY AND DENSITY PAIR ( 0.1005E+04 0.2376E-02) IS USED

The following message indicates that this is a symmetric ejection case. This information is obtained based on
the SYM entry of the FLUTTER bulk data card. For SYM=ANTI and SYM=ASYM, the following message
becomes ANTI-SYMMETRIC SYSTEM and ASYMMETRIC SYSTEM, respectively.

** TRANSIENT EJECTION LOADS ANALYSTIS OF SYMMETRIC SYSTEM * *

6.11.2 Time Histories of the Pilot Input Commands and the Ejection Forces

The following x-y diagram is the time history of the ejection force and is defined by the DFORCE bulk data
input that is referred by the ELOADS bulk data card. Note that the number of these diagrams output depends
on the number of the EJTIME entries of the ELOADS bulk data card.

*ok ok EJECTION TIME AT 0.10000E+00 * * *
CORRESPONDING TO BULK DATA INPUT: DFORCE WITH ID= 100

* TIME HISTORY OF EJECTION FORCE AT FEM GRID = 120 COMPONENT = 3 TABLED1 ID = 190 UNIT=SLUG*FT /S2
X 0.1000E+05
1.0 + AR

0.0 AAAARAARAARARAAARARAARAARARAAAAARAARAARARRAARARAARAARARRAARARAARA------- R ] +-- +

-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5
TIME ( X 4.000E+00 )

The following plot is the X-Y diagram of the pilot input commands, defined by the MLDCOMD bulk data card
and exists only if the COMMAND entry of the ELOADS bulk data card is non-zero. The staring time and the
ending time of the time history are defined by the MLDTIME bulk data card.

TIME HISTORY OF PILOT COMMAND S AND CONTROL SURFACE DEFLECTIONS

START TIME =-0.2000E+01 END TIME =0.20000E+01 DT=0.20000E-02 OF 1 PILOT INPUT COMMANDS AND 1 CONTROL SURFACES
PRINTED AT EVERY 1 TIME STEP
* ok ok ox THE FIRST 1 PILOT INPUT COMMAND S VERSUS TIME * * % %
X 0.3000E+01
1.0 + AAAAAAAAAAAAARARAA
A A
A A
A A
A AN
A A
A A
AR A
A A
A A
0.0 RA-4--mmmmmmmm - +---AAAAAAAAAAAAAAAAAAAR+
A A
A A
A A
A AR
AA A
A A
A A
A A
A A
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-1.0 +
-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5
TIME ( X 4.000E+00 )

6.11.3 Natural Frequencies and Modal Damping Ratios of the Structures of Each Time Intervals

This output section prints out the natural frequencies and modal damping ratios of the discontinuous structures.
Because of the change of structural properties due to the separation of stores at each ejection time, the structural
properties are time-varying. The program discretizes mass, stiffness and the damping matrices of the time-
varying structures into to piecewise-constant matrices of each time intervals. Theses time intervals are defined
by the initial time, ejection times and the ending time (initial time and ending time are specified by the
MLDTIME bulk data card and the ejection times by the ELOADS bulk data card). Thus, the structural
matrices from the initial time to the first ejection time are these of the structures imported by the “ASSIGN
FEM=" Executive Control Command. After each ejection time, the structural properties are changed by the
CONMLST, DELM, DELC, and DELK entries of the ELOADS bulk data card which gives a different set of
structural properties. For N number of ejection times, there are N number of different sets of structures. The
following output indicates the number of piecewise-constant structures and the time intervals. Within each time
interval, the natural frequencies are printed. Note that a fatal error can occur if any of the eigenvalues of the
structures is negative. A warning massage can appear if any of the modal damping is negative.

** STRUCTURAL PROPERTTIES OF 2 PIECE-WISE CONSTANT STRUCTURES * *
CORRESPONDING T O TIME INTERVALS :
* oKk ox FROM TIME = -0.2000E+01 T O TIME = 0.1000E+00 xRk
NATRUAL FREQUENCIES OF 20 M ODES
1 0.0000E+00 HZ 2 0.0000E+00 HZ 3 0.9830E+01 HZ 4 0.1823E+02 HZ 5 0.3660E+02 HZ
6 0.4289E+02 HZ 7 0.5611E+02 HZ 8 0.7008E+02 HZ 9 0.1326E+03 HZ 10 0.1446E+03 HZ
MODAL DAMPING RATIOS OF 20 MODES
1 0.0000E+00 % 2 0.0000E+00 % 3 0.0000E+00 % 4 0.0000E+00 % 5 0.0000E+00 %
6 0.0000E+00 % 7 0.0000E+00 % 8 0.0000E+00 % 9 0.0000E+00 % 10 0.0000E+00 %
* ok oK FROM TIME = 0.1000E+00 T O TIME = 0.1000E+01 *okox
NATRUAL FREQUENCIES OF 20 MODES
1 0.0000E+00 HZ 2 0.0000E+00 HZ 3 0.1633E+02 HZ 4 0.1925E+02 HZ 5 0.3660E+02 HZ
6 0.4590E+02 HZ 7 0.6300E+02 HZ 8 0.1243E+03 HZ 9 0.1427E+03 HZ 10 0.2119E+03 HZ
MODAL DAMPING RATIOS OF 20 MODES
1 0.0000E+00 % 2 0.0000E+00 % 3 0.0000E+00 % 4 0.0000E+00 % 5 0.0000E+00 %
6 0.0000E+00 % 7 0.0000E+00 % 8 0.0000E+00 % 9 0.0000E+00 % 10 0.0000E+00 %

6.11.4 Aerodynamic Approximations of Each Time for System Matrix Generations

The system matrices are the matrices of the state space equations. Because of the change of structural
properties due to the separation of stores at each ejection time, the system matrixes are also time-varying. For
each piecewise constant structure, the program invokes the ASE module to generate a corresponding state-space
equation. The following output indicates the number of discontinuous state-space equations and the time
intervals:

SYSTEM MATRICES O F 2 DISCONTINUOUS STATE S PACE EQUATIONS
CORRESPONDING T O TIME INTERVALS
1 -0.2000E+01, 2 0.1000E+00, 3 0.2000E+01,

The computation is repeated for each time intervals by invoking the ASE module multiple times. At each time,
the ASE module performs the aecrodynamic approximation of the unsteady aerodynamics and state-space matrix
generation. The following output is the result of the aerodynamic approximation defined by the MINSTAT
bulk data card. Please see section 6.8.1 for its description.

SUMMARY FORM TIME = -0.2000E+01 T O TIME = 0.1000E+00
SUMMARY

ELOADS BULK DATA CARD ID = 100 WITH MINSTAT BULK DATA CARD ID = 140
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MINIMUM STATE METHOD APPLTIED

NUMBER OF STRUCTURAL MODES 20
NUMBER OF CONTROL MODES 0
NUMBER OF GUST MODES 1
NUMBER OF REDUCED FREQUENCY VALUES 16
MAXIMUM NUMBER OF ITERATIONS 80
4 AERODYNAMIC ROOTS DEFINED: -2.0000E-01 -3.5000E-01 -6.5000E-01 -8.5000E-01

UNIFORM WEIGHTING APPLIED.

DATA PARTITIONING FOR APPROXIMATION CONSTRAINTS SETTING:

NUMBER OF ROW PARTITIONS: 1
FIRST ROW NUMBER OF THE PARTITIONS: 1
NUMBER OF COLUMN PARTITIONS: 1
FIRST COLUMN NUMBER OF THE PARTITIONS: 1
DEFAULT CONSTRAINT SETTINGS: AO= 1; Al= -1; A2= -1
NO NON-DEFAULT CONSTRAINTS DEFINED.
Iteration 1 D-E .10732E+02 E-D .55543E+01
Iteration 2 -E  .47747E+01 -D  .45064E+01
Iteration 78 D-E .35383E+01 E-D .35380E+01
Iteration 79 D-E .35377E+01 E-D .35375E+01
Iteration 80 D-E .35372E+01 E-D .35370E+01
The final Error =.35370E+01
AERODYNAMIC APPROXIMATION FORM TIME = 0.1000E+00 T O TIME = 0.2000E+01
** * NATRUAL FREQUENCTIES O F 2 MODES * * %
1 0.0000E+00 HZ 2 0.0000E+00 HZ 3 0.1599E+02 HZ 4 0.1904E+02 HZ 5 0.4574E+02 HZ
6 0.5852E+02 HZ 7 0.6274E+02 HZ 8 0.1200E+03 HZ 9 0.1420E+03 HZ 10 0.2008E+03 HZ
11 0.2472E+03 HZ 12 0.2745E+03 HZ 13 0.4322E+03 HZ 14 0.5096E+03 HZ 15 0.5510E+03 HZ
16 0.6712E+03 HZ 17 0.7127E+03 HZ 18 0.7835E+03 HZ 19 0.1644E+04 HZ 20 0.1804E+04 HZ
SUMMARY OF AERODYNAMIC APPROXIMATION
ASE BULK DATA CARD ID = 100 WITH MINSTAT BULK DATA CARD ID = 140
MINIMUM STATE METHOD APPLIED
NUMBER OF STRUCTURAL MODES 20
NUMBER OF CONTROL MODES 0
NUMBER OF GUST MODES 1
NUMBER OF REDUCED FREQUENCY VALUES 16
MAXIMUM NUMBER OF ITERATIONS 80

4 AERODYNAMIC ROOTS DEFINED: -2.0000E-01 -3.5000E-01 -6.5000E-01 -8.5000E-01

UNIFORM WEIGHTING APPLIED.

DATA PARTITIONING FOR APPROXIMATION CONSTRAINTS SETTING:

NUMBER OF ROW PARTITIONS: 1
FIRST ROW NUMBER OF THE PARTITIONS: 1
NUMBER OF COLUMN PARTITIONS: 1
FIRST COLUMN NUMBER OF THE PARTITIONS: 1
DEFAULT CONSTRAINT SETTINGS: AO= 1; Al= -1; A2= -1

NO NON-DEFAULT CONSTRAINTS DEFINED.

Iteration 1 D-E .16023E+02 E-D .72330E+01
Iteration 2 D-E .63085E+01 E-D .60316E+01
Iteration 78 D-E .45268E+01 E-D .45244E+01
Iteration 79 D-E .45223E+01 E-D .45204E+01
Iteration 80 D-E .45186E+01 E-D .45170E+01

The final Error =.45170E+01

6.11.5 System Matrices of Each Time Intervals

After the aerodynamic approximations are obtained, the ASE module generates the system matrices of the state
space equations at each time intervals. The following output is the eigenvalues of the matrix [A] of the state
space equations defined in the modal states, followed by those of the matrix [A] defined in the airframe states.
This output is very similar to that of the MLOADS analysis (please see section 6.10.4 for descriptions) except
multiple results of each time are printed out.
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STATE S PACE SYSTEM MATRICES FORM TIME = -0.2000E+01 T O TIME = 0.1000E+00
COMPLEX EIGENVALUES OF THE SYSTEM MATRIX [A] DEFINED IN THE FEM MODAL STATES THAT INCLUDES:
4 FEM RIGID BODY STATES, 36 FEM ELASTIC MODAL STATES AND 4 AERODYNAMIC+CONTROL STATES
REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY
1 0.000E+00 O0.000E+00 2 -1.142E-01 1.134E+04 3 -1.142E-01 -1.134E+04 4 -2.868E-02 4.923E+03 5 -2.868E-02 -4.923E+03
6 -3.023E-03 4.844E+03 7 -3.023E-03 -4.844E+03 8 -2.330E-03 4.414E+03 9 -2.330E-03 -4.414E+03 10 -1.437E-01 3.465E+03
COMPLEX EIGENVALUES OF THE SYSTEM MATRIX [A] DEFINED IN THE AIRFRAME STATES THAT INCLUDES:
4 AIRFRAME STATES, 36 FEM ELASTIC MODAL STATES AND 4 AERODYNAMIC+CONTROL STATES
REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY
1 0.000E+00 O0.000E+00 2 -1.142E-01 1.134E+04 3 -1.142E-01 -1.134E+04 4 -2.868E-02 4.923E+03 5 -2.868E-02 -4.923E+03
6 -3.023E-03 4.844E+03 7 -3.023E-03 -4.844E+03 8 -2.330E-03 4.414E+03 9 -2.330E-03 -4.414E+03 10 -1.437E-01 3.465E+03
STATE S PACE SYSTEM MATRICES FORM TIME = 0.1000E+00 T O TIME = 0.2000E+01
COMPLEX EIGENVALUES OF THE SYSTEM MATRIX [A] DEFINED IN THE FEM MODAL STATES THAT INCLUDES:
4 FEM RIGID BODY STATES, 36 FEM ELASTIC MODAL STATES AND 4 AERODYNAMIC+CONTROL STATES
REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY
1 0.000E+00 O0.000E+00 2 -1.153E-01 1.133E+04 3 -1.153E-01 -1.133E+404 4 -7.897E-07 1.033E+04 5 -7.897E-07 -1.033E+04
6 -2.958E-02 4.923E+03 7 -2.958E-02 -4.923E+03 8 -2.823E-07 4.478E+03 9 -2.823E-07 -4.478E+03 10 -9.146E-03 4.217E+03
COMPLEX EIGENVALUES OF THE SYSTEM MATRIX [A] DEFINED IN THE AIRFRAME STATES THAT INCLUDES:
4 AIRFRAME STATES, 36 FEM ELASTIC MODAL STATES AND 4 AERODYNAMIC+CONTROL STATES
REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY
1 0.000E+00 O0.000E+00 2 -1.153E-01 1.133E+04 3 -1.153E-01 -1.133E+04 4 -7.898E-07 1.033E+04 5 -7.898E-07 -1.033E+04
6 -2.958E-02 4.923E+03 7 -2.958E-02 -4.923E+03 8 -2.823E-07 4.478E+03 9 -2.823E-07 -4.478E+03 10 -9.146E-03 4.217E+03

6.11.6 Time Histories of the Airframe States and the FEM Modal Coordinates

The following output are the transient responses of the airframe states and the FEM modal coordinates. All
units involved in the results are defined by the mass and length units of the FTMUNIT and FTLUNIT entries of

the FIXMACH, FIXMATM, or FIXMDEN bulk data card.

SUMMARY OF THE TRANSIENT EJECTION LOADS
MACH=  0.900, VELOCITY= 0.1005E+04 ( FT/ SEC ), DENSITY= 0.2376E-02 (SLUG/FT**3
DYNAMIC PRESSURE= 0.11999E+04 (SLUG/FT/S**2), GRAVITY= 0.3220E+02 ( FT/ SEC /SEC

TITLE = HA144D FORWARD SWEEP WING FOR TRANSIENT EJECTION LOADS ANALYSIS.

SUBTITLE= SYMMETRIC BOUNDARY CONDITION AT MACH=0.9 AND SEA LEVEL

LABEL = PILOT INPUT COMMAND TO CANARD, EJCTION FORCE APPLIED AT GRID 120
* * x TIME HISTORTIES OF 4 AIRFRAME STATES *

STARTING TIME =-0.20000E+01, ENDING TIME = 0.20000E+01, DT= 0.20000E-02

RESULTS

)

), INITIAL LOAD FACTOR= 1.0000

* *

The following output are the numerical values of the transient responses of the airframe states. This output can

be turned off by setting PRINT<O0 in the MLDTIME bulk data card.

* * *x T IME

STARTING TIME =

HISTORTIES O F 4 AIRFRAME
0.00000E+00, ENDING TIME = 0.20000E+01,

STATES *
DT= 0.20000E-01

TIME U ALPHA o} THETA
UNITS FT/ s RAD RAD/SEC RAD

0.00000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.02000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.04000 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
1.92000 -6.2128E-05 5.7768E-04 -2.0005E-03 6.0149E-04
1.94000 -1.4318E-04 4.4259E-04 -4.6104E-03 5.3394E-04
1.96000 -2.0270E-04 2.7994E-04 -6.5271E-03 4.2146E-04
1.98000 -2.3381E-04 1.0749E-04 -7.5287E-03 2.7903E-04
MAXIMUM -6.8367E-03 -1.2760E-02 -2.2010E-01 -9.9670E-03
AT TIME 8.4000E-01 9.4000E-01 8.4000E-01 9.6000E-01

* x

The following plots are the X-Y diagrams of the time history of the airframe states.

produces one X-Y diagram.

Each airframe state

L AIRFRAME STATE (Q
X 0.1422E+00

1.0 +

UNITS= RAD/SEC ) VERSUS TIME *

* ok
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ARA
A AR A
A AA ARA AR
A A A A ARAR
A AA  AAAAA A A A
A ARAAA A A AR
A A A A A AAAA
0.0 AAAAAAAAAAAAAAARAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAARAARAA- -~ -~~~ 4 Atmmmmmmmmmm +---AA---AA-+-ARA- -AAAAA+
A A A AR AR
A A ARA
A ARAR A
AR A A AR
A A A A
A AR AA  ARA
A A ARARA
A A AR
ARA
-1.0 + An
-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5

TIME ( X 4.000E+00 )

The following output are the numerical values of the transient responses of the generalized modal coordinates of
the structural modes. This output can be turned off by setting PRINT<O0 in the MLDTIME bulk data card.

TIME

* * x TIME HISTORTIES OF 21 GENERALTIZED MODAL COORDINATES * * %
STARTING TIME = 0.00000E+00, ENDING TIME = 0.20000E+01, DT= 0.20000E-01

MODE 1 MODE 2 MODE 3 MODE 4 MODE 5 MODE 6 MODE 7 MODE 8 MODE 9 MODE 10

UNITS NONE NONE NONE NONE NONE NONE NONE NONE NONE NONE

oo

.00000 O0.0000E+00 O0.0000E+00 O0.0000E+00 O0.0000E+00 O0.0000E+00 O0.0000E+00 O0.0000E+00 O0.0000E+00 O0.0000E+00 O0.0000E+00
.02000 O0.0000E+00 O0.0000E+00 O0.0000E+00 0.0000E+00 O0.0000E+00 O0.0000E+00 O0.0000E+00 O0.0000E+00 O0.0000E+00 0.0000E+00

0.04000 O0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
1.94000 0.0000E+00 0.0000E+00 5.3394E-04 2.7920E-03 1.3435E-04 -6.9347E-06 7.1934E-05 2.2499E-05 2.7652E-05 -2.4586E-06
1.96000 0.0000E+00 0.0000E+00 4.2146E-04 2.2976E-03 -1.6970E-04 -7.6093E-07 5.8655E-05 1.8727E-05 1.7538E-05 -3.4110E-06
1.98000 O0.0000E+00 0.0000E+00 2.7903E-04 1.5068E-03 3.9076E-05 5.5398E-06 4.0028E-05 1.2441E-05 1.1315E-05 -3.3229E-06
MAXIMUM 0.0000E+00 0.0000E+00 -9.9670E-03 -1.0759E-01 4.3316E-03 -2.5845E-05 -1.5175E-03 -9.3420E-04 -6.6093E-04 8.6329E-05
AT TIME 8.4000E-01 9.4000E-01 9.6000E-01 9.4000E-01 1.0200E+00 7.6000E-01 9.6000E-01 9.4000E-01 9.2000E-01 1.0000E+00

The following is the X-Y diagram of the time history of the FEM modal coordinates. Only one diagram is
produced that contains multiple curves of the modal coordinates.

* %

* TIME HISTORTIES OF 20 GENERALTIZED MODAL COORDINATES * * *
STARTING TIME =-0.20000E+01, ENDING TIME = 0.20000E+01, DT= 0.20000E-02
*oxox % THE FIRST 10 MODAL COORDINATES VERSUS TIME * * *x %
X 0.6131E+00
1.0 +
ccc cc ¢ cc ceceec ccee
0.0 JJJgJJdgJgdgggaggdaggdaaggdaaggdgaagggaaggdaggdaagggaagggaagggaagggagggaagggayagaaygdaagggaaadaagggagggagagaagadaaggaaggagagaaagaaagaaad+
AAAAAAAAAAAAAAAAAA cce
AAAAAAAAAAAAAAAAAA
AAAAAAAAAARAAARAAA AN
AAARAARAAA AARAA
AAAAARAAAA A AA
AAAAARAAA A A
AAAARAR AR AAAA
AAAAA AAAA
AAAARARAA
-1.0 + ARR
-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5
TIME ( X 4.000E+00 )

6.11.7 Time Histories of the Parameters Listed in the MLDPRNT Bulk Data Card

The following plots are the X-Y diagrams of the transient responses of those parameters listed in the
MLDPRNT bulk data card. Each parameter produces one X-Y diagram. Note that the numerical values of
these transient responses are printed in the external ASCII file defined in the MLDPRNT bulk data card.
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12 TIME HISTORY PLOTS FOR BULK DATA MLDPRNT ID = 100
STARTING TIME = 0.00000E+00, ENDING TIME = 0.20000E+01, DT= 0.20000E-01
*oKkox L ABEL = GRIDGT3 , IKEY = 90 *oxox

X 0.1223E+03
1.0 +

-1.0
-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5
TIME ( X 4.000E+00

6.12 Transient Discrete Gust Loads Results

The output of the transient discrete gust loads analysis can be divided into eight sections: the header, the output
of the rational aerodynamic approximation, gust profile in time domain and frequency domain, frequency
domain generalized gust column (QHG), the frequency-domain and time-domain generalized gust forces,
eigenvalues of the system matrices, time histories of the airframe states and the FEM modal coordinates, and
the time histories of the parameters listed in the MLDPRNT bulk data card.

6.12.1 Header

The output of header begins with the TITLE, SUBTITLE, and LABEL as defined in the Case Control
Commands.

TITLE = 2D AIRFOIL (MODELED BY HIGH ASPECT RAIO WING) AT M=0.0 V=100 & Q=1.
SUBTITLE= ZERO GUST INPUT BUT WITH ALPHA (T=0)=1.
LABEL = VALIDATION WITH WAGNERS FUNCTION FOR LIFT TIME HISTORY.

The following warning message occurs only if more than one velocity and density pairs are specified in the
FIXMACH, FIXMATM, or FIXMDEN bulk data card. This warning message indicates that the transient
discrete gust loads analysis only takes the first pair as the flight condition and ignores the rest of the pairs.

***** WARNTING * % % % %
BULK DATA CARD FIXMDEN WITH ID= 10 SPECIFIES MORE THAN ONE VELOCITY AND DENSITY PAIRS
BUT GLOADS MODULE ALLOWS ONE PAIR PER ANALYSIS. ONLY THE FIRST VELOCITY AND DENSITY PAIR ( 0.1005E+04 0.2376E-02) IS USED

The following message indicates that this is a symmetric discrete gust case. This information is obtained based
on the SYM entry of the FLUTTER bulk data card. For SYM=ANTI and SYM=ASYM, the following
message becomes ANTI-SYMMETRIC SYSTEM and ASYMMETRIC SYSTEM, respectively.

* * DISCRETE GUST LOADS ANALYSTIS O F SYMMETRTIC SYSTEM®* *
6.12.2 QOutput of the Rational Aerodynamic Approximation

The following output is the rational aerodynamic approximation results according to the MINSTAT bulk data
card. Please see section 6.8.1 for its description.

SUMMARY OF AERODYNAMIC APPROXIMATION

GLOADS BULK DATA CARD ID = 1 WITH MINSTAT BULK DATA CARD ID = 140

6-41



ZAERO OUTPUT DESCRIPTION

ROGER METHOD APPLIED

NUMBER OF STRUCTURAL MODES

NUMBER OF CONTROL MODES

NUMBER OF GUST MODES

NUMBER OF REDUCED FREQUENCY VALUES
MAXIMUM NUMBER OF ITERATIONS

cwoor

AERODYNAMIC ROOTS:
ROW 1: -1.0000E-03 -4.0000E-02 -1.0000E-01 -2.0000E-01 -4.0000E-01 -4.5000E-01
-5.0000E-01 -1.0000E+00
UNIFORM WEIGHTING APPLIED.

DATA PARTITIONING FOR APPROXIMATION CONSTRAINTS SETTING:

NUMBER OF ROW PARTITIONS: 1
FIRST ROW NUMBER OF THE PARTITIONS: 1
NUMBER OF COLUMN PARTITIONS: 1
FIRST COLUMN NUMBER OF THE PARTITIONS: 1
DEFAULT CONSTRAINT SETTINGS: AO= 1; Al= -1; A2= -1

NO NON-DEFAULT CONSTRAINTS DEFINED.
2.2283524E-09
The final error = 4.7205427E-05

6.12.3 Time History of the Discrete Gust Profile

The following X-Y plot is the time history of the discrete gust profile that is defined by the DGUST bulk data
card. Note that the starting time and ending time of this plot are defined by the MDLTIME bulk data card.

* % * DISCRETE GUST PROFILE SPECIFIED BY DGUST BULK DATA WITH IDGUST= 100 TYPE=OMCOS * ok ok

X 0.1000E+01

1.0 + A

A A
A A
A A
A A

0.0 A----m-mmme- gmmmm e A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-+

-1.0 +
.00 .10 .20 .30 .40 60 .70 .80 .90 1.00

.50 .
TIME ( X 6.000E+00 )

* % % NOTE THAT HORIZONTAL AXIS (TIME) IS T-(X-X0)/V. WHERE X0= -0.1000E+01 V= 0.1000E+03 * * *

The following X-Y plot is the frequency-domain gust profile obtained by the Fourier transform of the above
time-domain gust profile. This plot is helpful for determining the dominated frequency region of the gust
profile.

* % % DISCRETE GUST PROFILE IN FREQUENCY-DOMAIN OBTAINED BY FOURIER TRANSFORM * * *
X 0.5000E+00
1.0

R R

—p
wm
W W

0.0

BBA
BAA
BA
BA
BA
BB
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.00 .10 .20 .30 .40 .50 .60 .70 .80 .90 1.00
FREQ,HZ( X 1.000E+02 )
NOTE THAT IN THE ABOVE PLOT: SYMBOL A = REAL PART, SYMBOL B = IMAGINARY PART.

6.12.4 Frequency-domain generalized gust column (QHG)

The following two X-Y plots are the real part and imaginary part of the generalized gust column (QHG) that is
generated according to the MKAERQOZ bulk data card. Only the first ten modes are presented in the plots (if
there are more than ten modes and the frequencies are associated with the reduced frequencies listed in the
MKAEROZ bulk data card). Note that the QHG at each frequency is computed according to the reduced
frequencies listed in the MKAEROZ bulk data card.

* * REAL PART OF GENERALIZED GUST COLUMN (QHG) AT 29 FREQUENCIES OF THE FIRST 1 MODES * * *
X 0.1243E+01
1.0 A
A
A
a
A
ARA
ARA
A
a a
a a a
0.0 4-=-=--mmnnon 4 4mm e A----- P 4 4 4mm e 4 4 RA---mmmmme - +
a a
A A
1.0 +
.00 .10 .20 .30 .40 .50 .60 .70 .80 .90 1.00
FREQ,HZ ( X 1.592E+02 )
* * * IMAG PART OF GENERALIZED GUST COLUMN (QHG) AT 29 FREQUENCIES OF THE FIRST 1 MODES * * *
X 0.3457E+00
1.0 + A
A A
a
A
a a
A A
A
a
A
0.0 A------ A-mmmpmmmmmmmm e fmmmmmmmmeam fmmmmmm e A--mmmmmm o fmmmmmmmmmam fmmmmmmmmmem fmmmmmmmmeam dmmmmmmmmeam fmmmmmmmmeem +
| A A
| AR
| A
A 2
AR A A
1.0 +
.00 .10 .20 .30 .40 .50 .60 .70 .80 .90 1.00

FREQ,HZ( X 1.592E+02 )

6.12.5 Frequency-Domain and Time-Domain Generalized Aerodynamic Gust Forces

The following X-Y plot is the real part of the product of the gust vector (QHG matrix), the gust profile, and

e’ att= starting time of the time integration. This actually is the integrand of the inverse Fourier transform
for computing the time-domain generalized aerodynamic gust forces at t = starting time. The purpose of this
output is to ensure that the FMAX entry of the DGUST bulk data card can sufficiently cover the whole
frequency range for accurate inverse Fourier transform results. Thus, the following frequency function should
decay to a small value at the maximum frequency.
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* * * REAL PART OF [GUST QHG]* [GUST PROFILE] *EXP (I*W*T) AT T= 0.0000E+00 VERSUS FREQUENCY FOR 1 MODES * * *
X 0.1243E+02
1.0 AA
AR
A
AR
A
AA
A
A
A
A ARAAA
0.0 +----AA----- +---AAA-- +
A AR
AR AR
A AA
AA AR
AAAAA
-1.0 +
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

FREQ,HZ( X 1.000E+01 )

The following X-Y plot is the time-domain generalized aecrodynamic gust forces that are the forcing function
terms in the discrete gust state-space equations. This forcing function is computed by the inverse Fourier
transform of its frequency-domain counterpart such as the one shown above but at t = starting time to the ending
time of the time integration.

* * * TIME-DOMAIN GENERALIZED AERODYNAMIC GUST FORCES FROM T= 0.0000E+00 TO 0.6000E+01 FOR 1 MODES * * *

X 0.1177E+01
1.0 + AARAA
AA AR
AA AA
A AR
AR AA
AR A
A AR
AR AA
AA AR
AR AA
0.0 ARA--------- 4 +
-1.0 +
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
TIME ( X 6.000E+00 )

6.12.6 Output the Eigenvalues of the System Matrices

The following output are the two sets of eigenvalues of the system matrix [A] in the state-space equations. The
first set is for the states defined in the structural finite element modal coordinates. The second set is in the
airframe states. The transformation from the modal coordinates to the airframe states is defined by the
MLDSTAT bulk data card which is an optional input for the discrete gust loads analysis. If no MLDSTAT is
specified, only the eigenvalues of the modal coordinates are printed out. Note that if any real part of these
eigenvalues is positive, a warning message appears to indicate that the system is unstable and could result in a
divergent time response.

COMPLEX EIGENVALUES OF THE SYSTEM MATRIX [A] DEFINED IN THE FEM MODAL STATES THAT INCLUDES:
2 FEM RIGID BODY STATES, 0 FEM ELASTIC MODAL STATES AND 8 AERODYNAMIC+CONTROL STATES
REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY
1 0.000E+00 0.000E+00 2 -1.002E+02 0.000E+00 3 -4.872E+01 0.000E+00 4 -4.525E+01 0.000E+00 5 -1.908E+01 0.000E+00
6 -9.492E+00 O0.000E+00 7 -9.875E-02 0.000E+00 8 -3.849E+00 1.124E+00 9 -3.849E+00 -1.124E+00 10 -4.051E+01 0.000E+00
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COMPLEX EIGENVALUES OF THE SYSTEM MATRIX [A] DEFINED IN THE AIRFRAME STATES THAT INCLUDES:
2 AIRFRAME STATES, 0 FEM ELASTIC MODAL STATES AND 8 AERODYNAMIC+CONTROL STATES
REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY REAL IMAGINARY
1 0.000E+00 0.000E+00 2 -1.002E+02 0.000E+00 3 -4.872E+01 0.000E+00 4 -4.525E+01 0.000E+00 5 -1.908E+01 0.000E+00
9.492E+00 0.000E+00 7 -3.849E+00 1.124E+00 8 -3.849E+00 -1.124E+00 9 -4.051E+01 0.000E+00 10 -9.875E-02 0.000E+00

6.12.7 Time Histories of the Airframe States and the FEM Modal Coordinates

The following output are the transient responses of the airframe states. Each airframe creates one X-Y plot.
This output appears only if MLDSTAT bulk data card is specified. All units involved in the results are defined
by the mass and length units of the FTMUNIT and FTLUNIT entries of the FIXMACH, FIXMATM, or
FIXMDEN bulk data card.

SUMMARY O F THE DISCRETE GUST LOADS RESULTS

MACH= 0.000, VELOCITY= 0.1000E+03 ( FT/ SEC ), DENSITY= 0.2000E-03 (SLUG/FT**3 )
DYNAMIC PRESSURE= 0.10000E+01 (SLUG/FT/S**2), GRAVITY= 0.3220E+02 ( FT/ SEC /SEC ), INITIAL LOAD FACTOR= 0.0000
TITLE HA144D FORWARD SWEEP WING FOR TRANSIENT MANUEVER LOADS ANALYSIS.

SUBTITLE= OPEN-LOOP SYSTEM AT V=1005 FT/SEC, Q=1200 PSF
LABEL = PILOT INPUT COMMAND TO CANARD

** * TIME HISTORTIES O F 2 AIRFRAME STATES * * %
STARTING TIME = 0.00000E+00, ENDING TIME = 0.60000E+01, DT= 0.50000E-01

#%** AIRFRAME STATE (ALPHA UNITS= RAD ) VERSUS TIME * % %%
X 0.1456E+01
1.0 +
0.0 AAAA----——-- R U AARAARAARAAAAAAAAAAAARAARAARA+
AR ARAAA
A AAA
A AR
A A
A
A a
A A
A A
A A
-1.0 + ARAA
0.0 0.1 0.2 0.3 0.4 0.5

0.6 0.7 0.8 0.9 1.0
TIME ( X 6.000E+00 )

The following is the X-Y diagram of the time history of the FEM modal coordinates. Only one diagram is
produced that contains multiple curves of the modal coordinates.

*#%* TIME HISTORTIES oF 1 GENERALIZED MODAL COORDINATES * % *
STARTING TIME = 0.00000E+00, ENDING TIME = 0.60000E+01, DT= 0.50000E-01
*% %% THE FIRST 1 MODAL COORDINATES VERSUS TIME ** %
X 0.5027E+02
1.0 +
0.0 AAAAAAA----- oo e o g o oo e oo e +
-1.0 +
0.0 0.1 0.2 0.3 0.4 0.5

6 0.7 0.8 0.9 1.0
)

0.
TIME ( X 6.000E+00
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6.12.8 Time Histories of the Parameters Listed in the MLDPRNT Bulk Data Card

The following plots are the X-Y diagram of the transient responses of those parameters listed in the
MLDPRNT bulk data card. Each parameter produces one X-Y diagram. Note that the numerical values of
these transient responses are printed in the external ASCII file defined in the MLDPRNT bulk data card.

*ok ok 1 TIME HISTORY PLOTS FOR BULK DATA MLDPRNT ID = 100 *okox
STARTING TIME = 0.00000E+00, ENDING TIME = 0.60000E+01, DT= 0.50000E-01

*ok o LABEL= GRIDGT3 , IKEY = 1 * oKk ok
X 0.3801E+03
1.0 + AR

.6 0.7 0.8 0.9 1.0
)

TIME

6.13 ZAERO Output File Footer
Sample Output:

Normal Termination:

*** ZAERDO TERMINATED ***
*hk hx

i NORMALLY R
xRk Hkx

*hk 10:33:10 03/27/2001 *hk
wkx .
.

Termination with Errors:

FATAL ERROR: NO AERO BOX FOUND ON SPLINEl1 SPLINE CARD

kK ok kR ko ko kR kK
Kk Hkx

*** Z AERDO TERMINATE D **%
*heok Hokk

FrE WITH ERRORS R
s Hox

*rk 09:38:33 04/03/2001 Kk K
*Hk hx

ek ko ko ok ko ko ok ko ko ok ko ko ko kK

Description:

The footer section of the ZAERO software system standard output is the end of the output file. The footer
output indicates whether the ZAERO execution terminated normally or if errors occurred. Error messages
indicating the type of error are printed out in this section. Also output are the date and time of program
termination.

Output Request Options:
None — always generated.
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Chapter 7

PLOT FILES

This section describes the ZAERO output files generated for plotting purposes. Output plot files are generated
by the existence of any of the following bulk data cards within the bulk data input section: PLTAERO,
PLTCP, PLTFLUT, PLTMIST, PLTMODE, PLTTIME, PLTTRIM and/or PLTVG (described in Section
2.5). Table 2.1 from Section 2.5 is once again presented to list the output plot file capability of the ZAERO
software system.

Associated
Category Bulk Data Description
Card

Software
Compatibility

- PATRAN

- TECPLOT

Aerodynamic Generates an ASCII text file for plotting the - I-DEAS
Moydel PLTAERO aerodynamic model b ¢ - FEMAP

- ANSYS

- NASTRAN

- PATRAN

- TECPLOT

- I-DEAS

- FEMAP

- ANSYS

- NASTRAN

- PEGASUS

- PATRAN

- TECPLOT

Flutter Mode Generates an ASCII text file for plotting the - I-DEAS
Shapes PLTFLUT flutter or ASE mode - FEMAP

- ANSYS
- NASTRAN
- EXCEL

Minimum State Fit Generates an X-Y plot file (ASCII text) for and most other
of Generalized PLTMIST plotting the generalized aerodynamic force spreadsheet
Aero Forces coefficients applications

Generates an ASCII text file for plotting the

Unsteady Pressures PLTCP unsteady pressure coefficients

Interpolated PLTMODE Generates an ASCII text file for plotting the - PATRAN




PLOT FILES

Structural Modes interpolated structural mode on the aerodynamic | - TECPLOT
model - I-DEAS

- FEMAP

- ANSYS

- NASTRAN
- PATRAN

- TECPLOT

Transient PLTTIME Generates an ASCII text file for plotting the - I-DEAS
Response Analysis transient response - FEMAP

- ANSYS

- NASTRAN
- PATRAN

- TECPLOT

i i - I-DEAS
Static Acroclastic / Generates an ASCII text file for the post-

Trim Analysis PLTTRIM . . o . - FEMAP
Results processing of the static aeroelastic/trim analysis _ANSYS
- NASTRAN
- PEGASUS
- I-DEAS
- FEMAP
Flutter Damping Generates an X-Y plot file (ASCII text) for - TABLE
and Frequency PLTVG plotting the flutter frequency and damping - PEGASUS
Results curves and most other
spreadsheet
applications

All output plot files are saved in ASCII text format and can be directly read in by the graphical software
programs listed in the above table (or any equivalent software packages that can process the same data format).
The PATRAN output is a combination of neutral file (containing the aerodynamic model) and results file(s)
(containing the displacement(s) or pressure results) output. When outputting PATRAN flutter results
(PLTFLUT) or transient results (PLTTIME), ZAERO will generate 1 results file for each time step. Note that
for the PATRAN output option, the aerodynamic models generated by the PLTxxxx bulk data cards (all
stored in neutral file format) are all different from one another and cannot be used interchangeably. This
restriction is due to the necessity of duplicating grid points in some of the output plot files to allow for viewing
(or animation) of discontinuous components (e.g., a flapping control surface in a modal analysis). In addition,
some plot files (like flutter mode shape) require displaying of both sides of the model even though only half of
the model may have been specified in the input. For this reason, the user must take extra care when requesting
multiple plot files in PATRAN format to ensure that the aerodynamic model names are unique (or they will be
overwritten by the default name of ‘AEROGEOM.PAT’). The TECPLOT output is in Tecplot’s finite element
zone input format. The [-DEAS output is in universal data file format. The FEMAP output is in FEMAP
neutral file format. The ANSYS format is identical to the FEMAP neutral file output format and can be read
into ANSYS via a translator developed by PADT Inc. in Tempe, Arizona (see Appendix A, version 4.3
enhancements, item #3). Note that the ANSYS option description is not included in this Chapter since it is
identical to the FEMAP output option. Excel output is in column format and can be read in by virtually any
spreadsheet application. Finally, the NASTRAN supported output is in bulk data format and can be plotted by
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any graphical software package capable of reading in and displaying NASTRAN bulk data input (e.g., ARIES,
FEMAP, etc.)

The following sections (7.1 through 7.7) describe each of the output plot files listed above. Samples of each
output file taken from the cropped wing and trim forward swept wing demonstration test cases are presented
along with descriptions of the output file contents.

7.1 Aerodynamic Model (PLTAERO)

An output data file of the aerodynamic model can be generated with the PLTAERO bulk data card (see Figure
7.1). Viewing the aerodynamic model is extremely useful in determining if the aerodynamic configuration is
modeled properly. Often numeric typos are entered in the bulk data input that can go undetected in the analysis.
For example, an aerodynamic coordinate system
that is referred to by an underwing store (BODY7
bulk data card) may be located in the wrong place
due to a typo in the ACOORD bulk data card. In
this case, the store would be located somewhere
other than its intended position. This error in the
aerodynamic configuration can quickly be detected
by viewing the aerodynamic model.

The PLTAERO output plot file contains the
aerodynamic box corner grid points along with the Figure 7.1 Plot of the Aerodynamic Model
aerodynamic box connectivity information. The data for this output file is generated in the HFG (High-Fidelity
Geometry) Module based on the aecrodynamic wing (CAERO7) and body (BODY7) macroelements specified
in the bulk data section of the input deck. Only quadrilateral aerodynamic boxes are generated. Triangular type
elements are generated by having two coincident aerodynamic grid points.

e  PATRAN Compatible Output

The PATRAN compatible output is saved in neutral file format. A sample of the NASTRAN compatible output
is shown in the following figure and is described below:

25 0 0 1 0 0 0 0 0
ZAERO AERODYNAMIC MODEL
26 0 0 1 91 65 1 1 0
08/22/200015:31:31 2.5
1 201 0 2 0 0 0 0 0
-0.100000000E+03 0.000000000E+00 0.000000000E+00
0G 6 0 0000000
1 202 0 2 0 0 0 0 0
-0.100000000E+03 0.000000000E+00 0.000000000E+00
0G 6 0 0000000 \
. Aerodynamic
. Grid Points
2 201 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
202 207 206 201
2 202 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
203 208 207 202
2 203 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
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204 209 208 203
. \Quadrilatcral
' Elements
31 10101 0 1 0 0 0 0 0
0.300000000E+02 0.000000000E+00 0.000000000E+00
31 10102 0 1 0 0 0 0 0
0.300000000E+02 0.333330002E+02 0.000000000E+00
31 10103 0 1 0 0 0 0
0.300000000E+02 0.666669998E+02 0.000000000E+00
Structural FEM
Grid Points
99 0 0 1 0 0 0 0 0

Data Packets 1 (Node Data) and 2 (Element Data) are used to output the aerodynamic grid points and
aerodynamic boxes, respectively. Data Packet 31 (Grid Data) is used to output the structural grid points if
requested in the PLTAERO bulk data card (i.e., FEMGRID=YES).

Steps within PATRAN to View the Aerodynamic Model
(ZAERO output file generated by the PLTAERO bulk data card)

- Open a new PATRAN database.

- Read in the geometry file. Select File/Import from the menu. Select Object:Model and Source:Neutral
select the appropriate geometry neutral file and click Apply.

e Tecplot Compatible Output

A sample of the Tecplot compatible output is shown as follows:

TITLE ="AERO MODEL WITH 91 AERO GRIDS & 17 FEM GRIDS. AERO BOXES= 65"
VARIABLE = X, Y, Z, EXTID
ZONE I= 108 J= 65 F=FEPOINT
-1.0000E+02 O0.0000E+00 0.0000E+00 201
-1.0000E+02 0.0000E+00 0.0000E+00 202 Grid Point
-1.0000E+02 0.0000E+00 0.0000E+00 203 € |ienification Numbers
-1.0000E+02 0.0000E+00 0.0000E+00 204
Aerodynamic

Grid Points (X.Y.7)

2 7 6 1
3 8 7 2 Aerodynamic Connectivity
4 9 8 3 Information (aero boxes)
5 10 9 4 e.g., the first line connects the 2nd, 7th, 6th and Ist aero grid
7 12 11 6 noints listed ahove

TITLE lists the number of aerodynamic grids, structural finite element grids and aerodynamic

boxes
VARIABLE defines the variable names associated with the column data
X X-coordinate of the aerodynamic grid point




PLOT FILES

Y Y-coordinate of the aerodynamic grid point
Z Z-coordinate of the aecrodynamic grid point
EXTID External grid point identification number
ZONE specifies information for the current zone (the Tecplot input can be broken up into

multiple zones; only one ZONE is used to define the aerodynamic model)
number of aerodynamic grid points listed in the plot file
number of aerodynamic boxes listed in the plot file

=FEPOINT finite-element zone specification

e

e [-DEAS Compatible Output

The [-DEAS compatible output is saved in the universal file format. Data set 781 is used to output the
aerodynamic as well as structural (if requested in the PLTAERO bulk data card) grid points. Data set 780 is
used to output the aerodynamic boxes. A sample of the [-DEAS compatible output is shown in the following
figure.

-1

781

201 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
202 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
203 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
204 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00

Aecrodynamic
Grid Points
101 0 0 11
0.0000000000000000D+00 3.0000000000000000D+01 0.0000000000000000D+00
102 0 0 11
2.0000000000000000D+01 3.0000000000000000D+01 0.0000000000000000D+00
103 0 0 11

4.0000000000000000D+01 3.0000000000000000D+01 0.0000000000000000D+00

\ Structural FEM
Grid Points

-1

780
201 94 1 100000 1 1 1 4
202 207 206 201
202 94 1 100000 1 1 1 4
203 208 207 202
203 94 1 100000 1 1 1 4
204 209 208 203
204 94 1 100000 1 1 1 4

Quadrilateral
Elements
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o  FEMAP Compatible Output

The FEMAP compatible output is saved in the FEMAP (Version 7.0) neutral file format. Data Blocks 403 and
404 are used to output the aerodynamic grids and boxes, respectively. Data Block 570 is used to output the
structural grid points (if requested in the PLTAERO bulk data card). A sample of the FEMAP compatible
output is shown in the following figure.

-1
100 .
NUT.L> Neu?ral File Header followed by other
7. required Data Blocks
-1
-1
403
201, 0, 0, 1, 46, 0, 0, 0, 0, 0, 0,
-1.0000000000000000D+02, 0.0000000000000000D+00, 0.0000000000000000D+00, 0,
202, 0, 0, 1, 46, 0, 0, 0, 0, 0, 0,
-1.0000000000000000D+02, 0.0000000000000000D+00, 0.0000000000000000D+00, 0,
203, 0, 0, 1, 46, o, o, o, o, 0, 0,
-1.0000000000000000D+02, 0.0000000000000000D+00, 0.0000000000000000D+00, o,
204, 0, o, 1, 46, o, o, 0, 0, 0, 0,
-1.0000000000000000D+02, 0.0000000000000000D+00,
\Aerodynamic
1 Grid Points
570
10101, 0, 0, 0, 2, 4,
0.0000000000000000D+00, 0,
0.0000000000000000D+00, 3.0000000000000000D+01, 0.0000000000000000D+00,
10102, 0, 0, 0, 2, 4,
0.0000000000000000D+00, 0,
3.3333000183105469D+01, 3.0000000000000000D+01, 0.0000000000000000D+00,
10103, 0, 0, 0, 2, 4,
0.0000000000000000D+00, 0,
6.6666999816894531D+01, 3.0000000000000000D+01, 0.0000000000000000D+00,
10104, 0, 0, 0, 2, 4,
0.0000000000000000D+00, 0,
1.0000000000000000D+02, 3.0000000000000000D+01, 0.0000000000000000D+00,
\ Structural FEM
Grid Points
-1
404
201, 124, 1, 17, a4, 1, 0, 0,
0, 0, 0, 0,
202, 207, 206, 201, 0, o, 0, 0,
0, 0,
0, 0, o, 0, 0, o, 0, 0,
0, 0,
0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00,
0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00,
0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00,
0, o, o, o, 0, o, 0, o, 0, o, 0, o, 0,
0, 0, 0, W Structural FEM
Grid Points
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Steps within FEMAP to View the Aerodynamic Model
(ZAERO output file generated by the PLTAERO bulk data card)

- Open (via File/Import/FEMAP Neutral) the ZAERO output neutral file of the aecrodynamic model (select
View/Redraw if the image does not appear after loading)

- Aerodynamic grids (nodes) are displayed as green x’s

- Structural FEM grids (points) are displayed as red +’s

- Aerodynamic boxes (elements) are displayed as white quadrilaterals

- Rotate, pan or autocenter the model with the Dynamic Rotate function (top left button on the toolbar)

- Node, Point and Element features (such as id’s) can be set in the View/Options window

e NASTRAN Compatible Output

The NASTRAN compatible output is saved in standard NASTRAN bulk data format. A sample of the
NASTRAN compatible output is shown in the following figure and is described below:

BEGIN BULK
$ AERO MODEL BY 91 GRIDS AND 65 CQUAD4

$ WHERE THE PSHELL ENTRES OF CQUAD4 ARE CAERO7 AND BODY7 IDENTIFICATION NUMBERS
$ ADDITIONAL 17 FEM GRIDS ARE DISPLAYED

GRID 201 -1.00+020.000+000.000+00

GRID 202 -1.00+020.000+000.000+00 Aerodynamic

GRID 203 -1.00+020.000+000.000+00 Grid Points

GRID 204 -1.00+020.000+000.000+00

GRID 205 -1.00+020.000+000.000+00

GRID 206 -8.00+010.000+00-1.70+01

CQUAD4 201 201 202 207 206 201

CQUAD4 202 201 203 208 207 202 Quadrilateral

CQUAD4 203 201 204 209 208 203 Elements

CQUAD4 204 201 205 210 209 204

CQUAD4 205 201 207 212 211 206

CQUAD4 206 201 208 213 212 207

$SSTHE FOLLOWING GRIDS ARE THE FEM GRIDS IN THE AERODYNAMIC COORDNATES.

$$$IDS ARE OFFSET BY 0

$$$BASIC ON ACSID IN THE AEROZ BULK DATA ENTRY

GRID 10101 0.000+003.000+010.000+00 Structural FEM
GRID 10102 3.333+013.000+010.000+00 Grid Points
GRID 10103 6.666+013.000+010.000+00

GRID 10104 1.000+023.000+010.000+00

GRID 10201 1.666+015.333+010.000+00

ENDDATA

The first three comment cards (initiated with a $) list the number of aerodynamic grid points (GRID) and
quadrilateral (CQUADA4) elements listed in the file. If the FEMGRID entry of the PLTAERO bulk data card is
set to “YES’, then the number of structural grid points read in from the finite element input to the ZAERO
software system is also displayed and printed in this file.
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7.2 Unsteady Pressure Coefficients (PLTCP)

An output data file of the unsteady pressure o
coefficients for all aerodynamic boxes in the
model can be generated with the PLTCP bulk data ote
card (see Figure 7.2). Seeiets

The real, imaginary, magnitude, and phase angle
components of the unsteady pressure coefficients
for a specified Mach number, reduced frequency
and symmetry condition are generated. The
unsteady pressure request options available
through the PLTCP bulk data card are presented

in Figure 7.3. For detailed descriptions of these ] )
options, please see the PLTCP bulk data card Figure 7.2 Plot of Unsteady Pressure Coefficient

description presented in Section 4.0. (M=0.8, k=0.2, 1st mode, Re(Cp))

Mach Number
- specified by IDMK entry
which refers to an
MKAEROZ bulk data card

A
Reduced Frequency
- specified by IK entry which
is the index of the reduced

frequency listed in the
MKAEROZ bulk data card

A

Mode
- specified by MODE entry

A

v Rigid Body Mode
- based on symmetry condition
Flexible (Elastic) Mode Control Surface Mode Load Mode specified in they SYM entry
~Jrom the structural finite element - specified by a character that is - specified by an integer that - Options for SYM = STM are:
model y [FORAFT, PLUNGE, PITCH
ified b . " one of the LABEL entries of represents the ID number of a Options for SYM = ANTI are:
- specified by an integer that represents the AESURFZ bulk data card LOADMOD bulk data entry - g
the index of the structural mode YTRANS, YAW, ROLL

- Options for SYM = ‘ASYM are:
any of the six mentioned above

Figure 7.3 Unsteady Pressure Request Options of the PLTCP Bulk Data Card

The symmetry condition of the unsteady aerodynamics is established by the ASSIGN command of the
Executive Control Section. The MKAEROZ bulk data card generates unsteady aerodynamic results based on
this symmetry condition. Therefore, the SYM entry specified in the PLTCP bulk data card must match a
symmetry condition specified in the BOUNDARY entry of an ASSIGN command (i.e., either SYM for
symmetric, ANTI for anti-symmetric, or ASYM for asymmetric).

Since two ASSIGN statements can be specified in the Executive Control Section (one for symmetric case and
one for an anti-symmetric case), all MKAEROZ bulk data cards generate both symmetric and anti-symmetric
unsteady aerodynamics. In this case, two PLTCP bulk data cards could be used to generate two separate files
containing the symmetric (with SYM entry set to ‘SYM”) and anti-symmetric (with SYM entry set to ‘ANTI")
unsteady aerodynamic pressures of the structural modes.

7-8



PLOT FILES

For the asymmetric case (i.e., full aircraft modeled in the input deck) only one ASSIGN command is allowed in
the Executive Control Section. In this case, all PLTCP bulk data cards must have SYM = ‘ASYM’.

The PLTCP output plot file contains the unsteady acrodynamic pressures on each aerodynamic box (for the
PATRAN, I-DEAS, FEMAP and NASTRAN output cases) or at each aerodynamic

grid point (for the TECPLOT output case). The data for this output file is generated by the Unified AIC
(UAIC) module.

e PATRAN Compatible Output

The PATRAN compatible output to display the unsteady pressure results is saved in two separate files. The
aerodynamic model is saved in the neutral file format while the unsteady pressure results are saved in a results
file. Both files will need to be imported into PATRAN to display the results. A sample of the PATRAN
compatible output files are shown in the following figures and are described below:

Neutral File of the Aerodynamic Model

25 0 0 1 0 0 0 0 0
ZAERO AERODYNAMIC MODEL - PATRAN NEUTRAL FILE OUTPUT
26 0 0 1 91 65 1 1 0
08/22/200016:11:23 2.5
1 201 0 2 0 0 0 0 0
-0.100000000E+03 0.000000000E+00 0.000000000E+00
0G 6 0 0000000
1 202 0 2 0 0 0 0 0
-0.100000000E+03 0.000000000E+00 0.000000000E+00
0G 6 0 0000000 \ .
Aerodynamic
: Grid Points
2 201 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
202 207 206 201
2 202 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
203 208 207 202
Aerodynamic
Boxes

Data Packets 1 (Node Data) and 2 (Element Data) are used to output the aerodynamic grid points and
aerodynamic boxes, respectively.

Results File of the Unsteady Pressure (Element Results)

ZAERO UNSTEADY CP: PLTCP ID= 10, MODE= 2, M= 0.8, K= 0.2
4
RESULT QUANTITIES: CP REAL, CP IMAG, CP MAGNITUDE, CP PHASE (DEG)

SUBTITLE 2
201 4
-.5222457E-03-.1103247E-020.1220613E-02-.1153315E+03
202 4
-.2227817E-03-.4547957E-030.5064295E-03-.1160979E+03
203 4

0.2227731E-030.4547931E-030.5064234E-030.6390282E+02

f f f f

Cp Real, Cp Imaginary, Cp Magnitude, Cp Phase Angle
Unsteady Pressure Results
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The Element Results File is used with four data quantities specified (Cp Real, Cp Imaginary, Cp Magnitude, and
Cp Phase Angle (degrees)).

Steps within PATRAN to View the Aerodynamic Model with Unsteady Pressure

(ZAERO output file generated by PLTCP bulk data card)

Start PATRAN and from File/New open a new PATRAN database.
Read in the geometry file first. Select File/Import from the menu, then select Object:Model and
Source:Neutral, and finally select the appropriate geometry neutral file and click Apply.
Read in the pressure results file next. Select File/Import from the menu, then select Object.: Results and
Source:Patran2.els. After selecting the Patran2.els, locate the ZAERO pressure results file in whatever
directory it has been stored in (installed in the miscel folder within the ZAERO home directory). Select
the appropriate pressure results file and click Apply.
Verify that the import/read was successful in the Dialog Box. Select Results from the toolbar buttons,
Action:Create, Object: Quickplot.
The Fringe results list should show up results that were read in. Select the desired pressure quantity and
click Apply.

The following PATRAN results template can be used to load the unsteady pressures from ZAERO. This results
template (called ‘zaero pres.res_tmpl’) is installed to the miscel folder within the ZAERO home directory.

/* zaero pres.res_tmpl */
/* PATRAN 2.5 results file template for ZAERO *.els files */

KEYLOC = 0

TYPE = scalar

COLUMN = 1

PRI = Pressure Coefficient
SEC = Real

TYPE = scalar

COLUMN = 2

PRI
SEC

TYPE

Pressure Coefficient
Imag.

= scalar

COLUMN = 3

PRI
SEC

TYPE

= Pressure Coefficient
= Magnitude

= scalar

COLUMN = 4

PRI

SEC

TYPE

= Pressure Coefficient

= Phase (deg)

= END
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e Tecplot Compatible Output

A sample of the Tecplot output is shown in the following figure and is described below:

TITLE ="UNSTEADY CP: PLTCP= 3000 MODE= 1 MACH= .8000 K= .2000"
VARIABLE = X, Y, Z, RE(CP), IM(CP) EXTID
ZONE I= 91 J= 65 F=FEPOINT
-.1000E+03 .0000E+00 .0000E+00 -.7643E-04 -.2361E-03 201
-.1000E+03 .0000E+00 .0000E+00 -.5331E-04 -.1644E-03 202
-.1000E+03 .0000E+00 .0000E+00 .2541E-05 .3619E-05 203
-.1000E+03 .0000E+00 .0000E+00 .5529E-04 .1649E-03 204
-.,1000E+03 .0000E+00 .0000E+00Q .7531E-04 .2300E-03 205
Aerodynamic Unsteady Pressures Grid Point
Grid Points (X.Y,Z) (Re(CP), Im(CP)) Identification
Numbers
2 7 6 1
3 8 7 2 . ..
4 9 8 3 Aerodynamic Connectivity
5 10 9 4 Information (aero boxes)
7 12 11 6 e.g. the first line connects the 2nd, 7th, 6th and
1st aero grid points listed above
TITLE lists the PLTCP bulk data card identification number, mode, Mach number and reduced
frequency of the unsteady pressure results
VARIABLE defines the variable names associated with the column data
X X-coordinate of the acrodynamic grid point
Y Y-coordinate of the aerodynamic grid point
zZ Z-coordinate of the aerodynamic grid point
RE(CP) Real component of the unsteady pressure result
IM(CP) Imaginary component of the unsteady pressure result
EXTID External grid point identification number
ZONE specifies information of the current zone (the Tecplot input can be broken up into
multiple zones; only one zone is used to define the unsteady pressure output)
I number of aerodynamic grid points listed in the plot file
J number of aerodynamic boxes listed in the plot file
F=FEPOINT finite-element zone specification

o [-DEAS Compatible Output

The I-DEAS compatible output is saved in the universal file format. Data sets 781 and 780 are used to output
the aerodynamic grid points and boxes, respectively. Data set 56 is used to output the unsteady pressure and is
output four times for displaying the real, imaginary, magnitude and phase angle of the unsteady pressure. The
first five ID lines of each data set 56 list the following information:

Line 1:

Line 2:
Line 3:
Line 4:

Mode number, Mach number, and reduced frequency, unsteady pressure component of the current
data set (i.e., CP(RE), CP(IM), MAGNITUDE or PHASE ANGLE)

PLTCP Bulk Data Card identification number

The number of aerodynamic grid points in the model

The number of aerodynamic boxes in the model
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Line 5: The unsteady pressure component of the current data set (i.e. real, imaginary, magnitude, or phase
angle) — repeated from Line 1 but more descriptive.

A sample of the I-DEAS compatible output is shown in the following figure:

-1

781

201 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
202 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
203 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
204 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00

. Aerodynamic
-1 Grid Points
780
201 94 1 100000 1 1 1 4
202 207 206 201
202 94 1 100000 1 1 1 4
203 208 207 202
203 94 1 100000 1 1 1 4
204 209 208 203
204 94 1 100000 1 1 1 4
. \ Quadrilateral
-1 Elements
56
ZAERO UNSTEADY PRESSURE - MODE= 1 MACH NO.= 1.2000 K= 0.2000 CP(REAL)
UNSTEADY PRESSURE FOR PLTCP BULK DATA CARD WITH ID: 25
NUMBER OF AERODYNAMIC GRID POINTS IN MODEL = 91
NUMBER OF AERODYNAMIC BOXES IN MODEL = 65
REAL COMPONENT OF PRESSURE - CP(RE)
1 1 1 18 2 1
1 1 1
0.00000E+00
201 1

0.00000E+00

202 1 ‘\\\\\\\
0.00000E+00

203 1
0.00000E+00

Unsteady
Pressures

e FEMAP Compatible Output

The FEMAP compatible output is saved in the FEMAP (Version 7.0) neutral file format. Data Blocks 403 and
404 are used to output the aerodynamic grids and boxes, respectively. Data Block 450 is used to output the
unsteady pressure output set definition. Data Block 451 is used to output four data vectors to display the Real
(CPRE), Imaginary (CPIM), Magnitude (MAGN) and Phase Angle (PHAS — in degrees). A sample of the
FEMAP compatible output is shown in the following figure.

100
<NULL> < Neutral File Header followed by
7. other required Data Blocks
-1
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403
201, 0, 0, 1, 46, 0, 0, 0, 0, 0, 0,
-1.0000000000000000D+02,  0.0000000000000000D+00,  0.0000000000000000D+00, 0,
202, 0, 0, 1, 46, 0, 0, 0, 0, 0, 0,
-1.0000000000000000D+02,  0.0000000000000000D+00,  0.0000000000000000D+00, 0,
203, 0, 0, 1, 46, 0, 0, 0, 0, 0, 0,
-1.0000000000000000D+02,  0.0000000000000000D+00,  0.0000000000000000D+00, 0,
204, 0, 0, 1, 46, 0, 0, 0, 0, 0, 0,
-1.0000000000000000D+02, 0.0000000000000000D+00,
\ Aerodynamic
Grid Points
-1
404
201, 124, 1, 17, 4, 1, 0, 0,
0, 0, 0, 0,
202, 207, 206 201, 0, 0, 0, 0,
0, 0,
0, 0, 0, 0, 0, 0, 0, 0,
0, 0,
0.0000000000000000D+00,  0.0000000000000000D+00,  0.0000000000000000D+00,
0.0000000000000000D+00,  0.0000000000000000D+00,  0.0000000000000000D+00,
0.0000000000000000D+00,  0.0000000000000000D+00,  0.0000000000000000D+00,
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
0, 0, 0,
\ Quadrilateral
Elements
-1
450
1, Unsteady Pressure
ZAERO Unsteady Pressure +— OutpuAt‘Set
0, 0 Definition
2.0000000298023224D-01,
1,
<NULL>
-1
-1
451
1, 1, 1,
CPRE Mode 1M= 0.8k= 0.2 Unsteady Pressure
0., 0., 0., / Output Data Vector
o, o, 1, o0, 0, o0, 0, 0, o0, o, Definition
o, 0o, 0, 0, 0, 0, 0, 0, 0, O,
0o, 0, 3, 8,
0, 1, 1,
201, -1.7237762222066522D-04,
202, -7.4403775215614587D-05,
203, 7.4400115408934653D-05,
204, 1.7237753490917385D-04,
Steps within FEMAP to View the Aerodynamic Model with Unsteady Pressure
(ZAERO output file generated by PLTCP bulk data card)
- Open (via File/Import/FEMAP Neutral) the ZAERO output neutral file of the aerodynamic model with

unsteady pressure (select View/Redraw if the image does not appear after loading)
- Aerodynamic grids (nodes) are displayed as green x’s
- Aerodynamic boxes (elements) are displayed as white quadrilaterals
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- Rotate, pan or autocenter the model with the Dynamic Rotate function (top left button on the toolbar)

- Node, Point and Element features (such as id’s) can be set in the View/Options window

- Open the View/Select Window

- From the Contour Style section, click on the Contour button

- Click on the Deformed and Contour Data button bar

- In the window that opens, under Output Vectors/Contour, select either CPRE, CPIM, MAGN, or PHAS to
be displayed

- Click on OK for both windows

e NASTRAN Compatible Output

The NASTRAN compatible output is saved in standard NASTRAN bulk data format. A sample is shown in the
following figure and is described below:

BEGIN BULK

$ UNSTEADY CP: PLTCP= 4000 MODE= 2 MACH= 1.2000 K= .1750

$ CP IS ON PLOAD4 BULK CARDS. WITH SID = 1 FOR REAL CP, SID = 2 FOR IMAG CP.
$ THERE ARE 91 GRIDS & 65 CQUAD4 TO REPRESENT THE AERO MODEL.

$ WHERE THE PSHELL ENTRIES OF CQUAD4 ARE CAERO7 AND BODY7 IDENTIFICATION NUMBERS
$ THERE ARE 65 PLOAD4 SID=1 FOR REAL CP AND 65 PLOAD4 SID=2 FOR IMAG CP
GRID 201 -1.00+020.000+000.000+00

GRID 202 -1.00+020.000+000.000+00 Acrodynamic

GRID 203 -1.00+020.000+000.000+00 Grid Points

GRID 204 -1.00+020.000+000.000+00

GRID 205 -1.00+020.000+000.000+00

CQUAD4 201 201 202 207 206 201

CQUAD4 202 201 203 208 207 202 Quadrilateral

CQUAD4 203 201 204 209 208 203 Elements

CQUAD4 204 201 205 210 209 204

CQUAD4 205 201 207 212 211 206

PLOAD4 1 2010.000+00

PLOAD4 1 2020.000+00 Unsteady

PLOAD4 1 2030.000+00 Prossures

PLOAD4 1 2040.000+00

PLOAD4 1 2050.000+00

ENDDATA

The comment title cards ($) list the identification number of the current PLTCP bulk data card, mode, Mach
number and reduced frequency of the unsteady pressure results. Standard PLOAD4 bulk data cards are used
for the unsteady pressure output. The PLOAD4 bulk data card SID entry is used to delineate the real from
imaginary components of the unsteady pressure. The number of aerodynamic grid points (GRID), quadrilateral
(CQUADA4) elements and PLOAD4 bulk data cards within the plot file are also provided.
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o  PEGASUS Compatible Output

The PEGASUS compatible output is saved in ESA data format. A sample of the PEGASUS compatible output
is shown in the following figure and is described below:

*ESA
*COM
*COM UNSTEADY AERODYNAMIC CP BY PLTCP BULK DATA CARD WITH ID= 10
*COM MACH= 0.700,K= 0.00000E+00, MODE= 1
*COM
*FILE_SCALAR TEXT DATE
08/28/2000 Comment Cards
*EOD
RUN1
*RTITLE Run Title
CP ON BODY7 ID= 201 NUMBER OF BOXES= 40 +—
*EOD
*FLOAT
X Y Z RE (CP) IM(CP) MAGNITUDE PHASE (DEG)
-8.6667E+01 4.0069E+00 -9.6736E+00 5.8109E-04 0.0000E+00 5.8109E-04 0.0000E+00
-8.6667E+01 9.6736E+00 -4.0069E+00 2.4097E-04 0.0000E+00 2.4097E-04 0.0000E+00
-8.6667E+01 9.6736E+00 4.0069E+00 -2.4097E-04 0.0000E+00 2.4097E-04 1.8000E+02
-8.6667E+01 4.0069E+00 9.6736E+00 -5.8109E-04 0.0000E+00 5.8109E-04 1.8000E+02
Arrays containing pressure
results at aerodynamic box
control points
(located at X,Y,Z)
*EOD
RUN2
*RTITLE
CP ON CAERO7 ID= 101 STRIP NO. 1 NUMBER OF CHORDWISE BOXES= 5
*EOD
*FLOAT
X Y Z X/C RE (CP) IM(CP) MAGNITUDE
PHASE (DEG)
2.1150E+01 3.7000E+01 0.0000E+00 1.7000E-01 5.4455E-02 0.0000E+00 5.4455E-02
0.0000E+00
4.0150E+01 3.7000E+01 0.0000E+00 3.7000E-01 2.1080E-02 0.0000E+00 2.1080E-02
0.0000E+00
5.9150E+01 3.7000E+01 0.0000E+00 5.7000E-01 2.8417E-02 0.0000E+00 2.8417E-02
0.0000E+00
7.8150E+01 3.7000E+01 0.0000E+00 7.7000E-01 2.7175E-02 0.0000E+00 2.7175E-02
0.0000E+00

The comment title cards (*COM) list the identification number of the current PLTCP bulk data card, Mach
number, reduced frequency, and mode of the unsteady pressure results. The BODY?7 results are output for all
aerodynamic boxes on all body macroelements. The CAERQ7 results are output for each chordwise strip of
each wing macroelement starting at the wing root and proceeding towards the wing tip. The X, Y, Z data
correspond to the aecrodynamic box control point locations at which the pressure is specified. X/C is the X-
coordinate position as measured from the strip leading edge divided by the local strip chord length. Cp
Magnitude and Cp Phase Angle are found from SQRT(Cp(Re)**2 + Cp(Im)**2) and (ATAN(Cp(Im) / Cp(Re)),
respectively.
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7.3 Flutter Mode Shape (PLTFLUT)

An output data file of the flutter mode shapes can be generated with the PLTFLUT bulk data card (see Figure
7.4). Each PLTFLUT bulk data card refers to a FLUTTER or ASE bulk data card that specifies the
flutter/ASE mode to be computed. The flutter/ASE mode is represented by the deformed aerodynamic model.
Since the flutter mode does not have a nodal line about which the configuration oscillates (as is the case with
structural modal results), it is necessary to generate many deformed aerodynamic models for animating the
flutter mode. (Note: multiple deformed models are output for the TECPLOT, IDEAS, and NASTRAN formats
only. Animations in PATRAN, FEMAP, and ANSYS are supported directly by these software through the
output of a displacement set(s)). The magnitude of the deformation of each aerodynamic model is associated
with sin (@ * t; + ¢), where oy is the flutter frequency, t, is the time of the i deformed aerodynamic model and
¢ is the phase angle. t; is computed by the following equation:

t. = (1*27r/@w;)  wherei=0,1,...,NTIME

The maximum displacement of the flutter
mode shape is controlled by the MAXDISP
entry of the PLTFLUT bulk data card.
MAXDISP is a fraction (i.e., 0.0 — 1.0) of the
reference chord length (REFC entry) specified
in the AEROZ bulk data card.

The PLTFLUT output plot file contains the
deformed aerodynamic model for a specified
flutter/ASE mode.  This file consists of
multiple sections, each containing the
complete aerodynamic model configuration Figure 7.4 Plot of the Flutter Mode Shape at Four Time
within one time step of a flutter/ASE mode Steps (NTIME=4)

oscillation cycle. This is done to allow for animation of the flutter/ASE mode shape which can be
accomplished by successively viewing the deformed shapes through one complete cycle. All aerodynamic box
grids and connectivity information of the aerodynamic model for each section of the output (i.e., each deformed
aerodynamic model) are generated. Both the right-hand-side and left-hand-side of the model are output if the
SYM entry of the FLUTTER bulk data card is set to either SYM (symmetric) or ANTI (anti-symmetric). The
data for this output file is generated in the flutter FLUTTER or ASE) module. Note: This plot file will not be
generated when using the FIXHATM bulk data card.

e PATRAN Compatible Output

The PATRAN compatible output to display the flutter mode shape is saved in multiple files. The aerodynamic
model is saved in the neutral file format while the flutter mode shape nodal displacements are saved in results
files. One results file is generated for each time step output and are numbered sequentially from 1 to NTIME+1
by adding a number suffix to your FILENM entry of your PLTFLUT bulk data card. For example, if
NTIME=2 and I specify FILENM="FLUT.OUT’, then the results files generated would be FLUT.OUT.1,
FLUT.OUT.2, and FLUT.OUT.3. In addition to the neutral file and results files output, a session file is also
generated to help you expedite the process in loading the results files into PATRAN. The session file name is
the FILENM entry with an added extension of (.SES). So using FILENM="FLUT.OUT’ would produce a
session file called FLUT.OUT.SES. Loading the session file into PATRAN is a simple two step process that
will automatically load the neutral file and results files and launch the flutter animation for you. However, the
neutral file and results files can also be loaded manually. Both methods are described below.

7-16



PLOT FILES

Neutral File of the Aerodynamic Model

25 0 0 1 0 0 0 0 0
ZAERO AERODYNAMIC MODEL - PATRAN NEUTRAL FILE OUTPUT
26 0 0 1 520 130 1 1 0
08/23/200009:10:19 2.5
1 1 0 2 0 0 0 0 0
-0.100000000E+03 0.000000000E+00 0.000000000E+00
0G 6 0 0000000
1 2 0 2 0 0 0 0 0
-0.800000000E+02 0.120208158E+02-0.120208149E+02
0G 6 0 0000000 \ .
Aerodynamic
: Grid Points
2 1 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
1 2 3 4
2 2 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
5 6 7 8
’ \ Aerodynamic
) Roxes

Results File(s) of the Flutter Mode Shape (Displacement Results)
Multiple files output for each time step listed in the title as T=...

ZAERO FLUTTER MODE AT TIME T= 0.00000, FOR PLTFLUT ID= 30
13648 13648 0.339401E+02 13220 3
FLT FREQ= 5.415 HZ, FLT SPEED= 919.030, FLT MODE= 1, DYN PRES= 470.448

FOR THREE DEGREES OF FREEDOM DX DY DZ
10.1720123E+000.5134657E+01-.4656522E+00
20.1965479E+000.5020568E+01-.3835102E+00
30.1756806E+000.5038760E+01-.4441489E+00
40.1720123E+000.5134657E+01-.4656522E+00

O f

Grid Td<
DX, DY, DZ
Displacements at aero grids

Steps within PATRAN to View the Deformed or Animated Flutter Mode Shape
(ZAERO output files generated by PLTFLUT bulk data card)

Loading Results Using the Session File
- Start PATRAN
- Select File/Session/Play from the menu

- Select the session file generated from your run which will be located in your runtime directory and names
FILENM.SES (where FILENM is the name you input on the FILENM entry of your PLTFLUT bulk data
card)

Loading Results Manually

- Start PATRAN
- Use the File/New menu item to open a new PATRAN database
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Read in the geometry neutral file first. Select File/Import from the menu, then select Object:Model and
Source:Neutral. Now select the geometry neutral file generated in your runtime directory and click Apply.
Click the Yes button on any message boxes that may appear.

Read in the displacement results files next. Select File/Import from the menu, then select Object:Results
and Source: Patran2.dis. A dialog will appear to select a results template. The results template is generated
by ZAERO in your runtime directory called ‘zaero dis.res tmpl’. You can also obtain this file from the
ZAERO home directory/miscel folder. After selecting the results template you need to load the flutter
mode shape displacement results files from your runtime directory. These files need to be loaded one at a
time which can become cumbersome if you have many time steps output.

Verify that the import/read was successful in the Dialog Box. Select Results from the toolbar buttons,
Action:Create, Object: Deformation.

In the Select Results list control, select all of the loaded results file cases (note that you can use the Shift
key to select more than 1 results file). Check the Animate check box (located on the bottom left of the
dialog). Click the Animation Graphics 3D radio button. Change the number Number of Frames to the
number of results files you selected (should be NTIME+1). Click 4pply and you should see the flutter
mode animation.

The following PATRAN results template can be used to load the displacements from ZAERO. This file called
‘zaero_dis.res_tmpl’ is also installed to the ZAERO home directory/miscel folder.

/*
/ *
KEY
TYP
COL
PRI

SEC
CTY

TYP

zaero_dis.res_tmpl */
PATRAN 2.5 results file template for ZAERO .dis files */

LOC = 0

E = vector
UMN = 1, 2, 3
= Displacements
= Translational
PE = nodal

E = END

Tecplot Compatible Output

Tecplot provides an animation feature that allows for animation of multiple zones. This is useful in viewing the
flutter mode shapes. An animated movie file can also be generated to allow for continuous looping of the flutter
mode shape. A sample of the Tecplot compatible output is shown in the following figure and is described

below.
TITLE ="FLUTTER MODE 1, PLTFLUT ID= 10 WF=7.965+00HZ, VF=1.295+04 QINF=9.596+00"
VARIABLE = X, Y, Z, EXTID
ZONE T=" .00000 SEC." I= 260 J= 65 F=FEPOINT
~1.0000E+02 0.0000E+00 0.0000E+00 202 o
-8.0000E+01 1.2021E+01 -1.2021E+01 207 Grid Point
-8.0000E+01 0.0000E+00 -1.7000E+01 206 ¢ Identification Numbers
~1.0000E+02 0.0000E+00 0.0000E+00 201
~1.0000E+02 0.0000E+00 0.0000E+00 203

Aerodynamic
Grid Points (X.Y.7)

1 2 3 4 Acrodynamic Connectivity

[ 6 7 8 Information (aero boxes)

9 10 11 12 e.g., the first line connects the Ist,
13 14 15 16 2nd, 3rd and 4th aero grid points
17 18 19 20 listed above
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ZONE T=" .01569 SEC." I= 260 J= 65 F=FEPOINT 2" bulk data input
-1.0000E+02 0.0000E+00 0.0000E+00 202 containing the deformed
-8.0000E+01 1.2021E+01 -1.2021E+01 207 acrodynamic model
-8.0000E+01 0.0000E+00 -1.7000E+01 206 at the second time
-1.0000E+02 0.0000E+00 0.0000E+00 201 sten
-1.0000E+02 0.0000E+00 0.0000E+00 203
TITLE lists the requested flutter mode index, associated PLTFLUT bulk data card identification

VARIABLE
X
Y
z
EXTID

ZONE

o

=FEPOINT

number, flutter frequency (in Hz), flutter speed (in units specified in the referenced flutter
bulk data cards), and dynamic pressure (in units specified in the referenced flutter bulk
data cards; FIXMATM, FIXMACH, FIXMDEN)

defines the variable names associated with the column data
X-coordinate of the aerodynamic grid point

Y-coordinate of the aerodynamic grid point

Z-coordinate of the aerodynamic grid point

External grid point identification number

specifies information of the current zone (NTIME zones are used to animate the flutter
mode shape. The NTIME entry is specified on the PLTFLUT bulk data card.)
title of the current zone; contains the real time (in seconds) of the current deformed plot
based on the flutter frequency and is computed from
ix 1 for i=1,2,..., NTIME,

o; X NTIME
where ®; = flutter frequency (in Hz)

number of aerodynamic grid points listed in the plot file
number of aerodynamic boxes listed in the plot file
finite-element zone specification

o [-DEAS Compatible Output

The I-DEAS compatible output is saved in the universal file format. Data sets 781 and 780 are used to output
the aerodynamic grid points and boxes, respectively. Data set 55 is used to output the aerodynamic grid point
displacements at each time step. The first five ID lines of each data set 55 list the following information:

Line 1: Flutter mode shape number, flutter frequency in Hertz (WF), flutter speed (VF), and dynamic
pressure (QINF)

Line 2: PLTFLUT Bulk Data Card identification number

Line 3: The number of time steps and scale factor specified in the PLTFLUT Bulk Data Card

Line 4: The symmetry condition specified in the FIXMATM, FIXMACH, or FIXMDEN Bulk Data
Card(s)

Line 5: The current time step in seconds
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A sample of the I-DEAS compatible output is shown in the following figure:

-1

781
1 0 0 11

0.0000000000000000D+00 0.0000000000000000D+00 0.0000000000000000D+00
2 0 0 11

5.1763749122619629D-01 0.0000000000000000D+00 0.0000000000000000D+00
3 0 0 11

7.6437747478485107D-01 9.2084997892379761D-01 0.0000000000000000D+00
4 0 0 11

2.4673999845981598D-01 9.2084997892379761D-01 0.0000000000000000D+00

. Aerodynamic
-1 Grid Points
780
1 94 1 100000 1 101 1 4
1 2 3 4
2 94 1 100000 1 101 1 4
5 6 7 8
3 94 1 100000 1 101 1 4
9 10 11 12
\ Quadrilateral
-1 Flemente
55
ZAERO FLUTTER MODE SHAPE, MODE= 1, WF= 680.69 HZ, VF= 6333., QINF= 2.15
FLUTTER MODE SHAPE FOR PLTFLUT BULK DATA CARD WITH ID: 10
NO. OF TIME STEPS= 8 SCALE FACTOR= 0.39
MODEL IS SYMMETRIC ABOUT X-Z PLANE - LEFT HAND SIDE OF MODEL OUTPUT
CURRENT TIME STEP= 0.00000 SEC.
1 2 3 8 2 6
1 1 1

0.00000E+00
1
0.00000E+00 0.00000E+00 -0.89259E-02 0.00000E+00 0.00000E+00 0.00000E+00

2

0.00000E+00 0.00000E+00 0.27763E-02 0.00000E+00 0.00000E+00 0.00000E+00
3

0.00000E+00 0.00000E+00 -0.13783E-01 0.00000E+00 0.00000E+00 0.00000E+00
4

0.00000E+00 0.00000E+00 -0.23197E-01 0.00000E+00 0.00000E+00 0.00000E+00

Displacements at
Aerodynamic Grids

o  FEMAP Compatible Output

The FEMAP compatible output is saved in the FEMAP (Version 7.0) neutral file format. Data Blocks 403 and
404 are used to output the aerodynamic grids and boxes, respectively. Data Block 450 is used to output the
flutter mode output set definition. Data Block 451 is used to output four data vectors to display the flutter mode
shape (TOTAL Translation), X-axis translation (T1), Y-axis translation (T2) and Z-axis translation (T3). Data
blocks 450 and 451 are repeated within the neutral file for each time step output. Therefore there will be
NTIME+I blocks 450 and 451 where NTIME is the number of time steps you input on the PLTFLUT bulk
data card. A sample of the FEMAP compatible output is shown in the following figure.
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-1
100 Neutral File Header
<NULL> 4——followed by other
7. required Data Blocks
-1
-1
403
201, 0, 0, 1,
-1.0000000000000000D+02, 0.0000000000000000D+00,
202, 0, 0, 1,
-1.0000000000000000D+02, 0.0000000000000000D+00,
203, 0, 0, 1,
-1.0000000000000000D+02, 0.0000000000000000D+00,
204, 0, 0, 1,
-1.0000000000000000D+02, 0.0000000000000000D+00,

-1
404

201, 124,
0, 0, 0,

202, 207,
0, 0,

0, 0,

0, 0,

0.0000000000000000D+00,
0.0000000000000000D+00,
0.0000000000000000D+00,

1, 17,
0,

206, 201,
0, 0,

0.0000000000000000D+00,
0.0000000000000000D+00,
0.0000000000000000D+00,

46, 0, 0, 0, 0,

0.0000000000000000D+00,

46, 0, 0, 0, 0,

0.0000000000000000D+00,

46, 0, 0, 0, 0,

0.0000000000000000D+00,

46, 0, 0, 0, 0,

Aerodynamic

Grid Points
4, 1, 0,
0, 0, 0,
0, 0, 0,

0.0000000000000000D+00,
0.0000000000000000D+00,
0.0000000000000000D+00,

0, o, 0, 0, 0, 0, 0, 0 0, o, 0, o,
0, 0, 0, .
\ Quadrilateral
Elements
-1
450 4——— Flutter Mode
1, Output Set
Flut Mode 1 T= 0.00000 Definition
0, 3
5.4152030944824219D+00,
2,
ZAERO FLUTTER MODE AT TIME T= 0.00000, FOR PLTFLUT ID= 20
FLT FREQ= 5.415 HZ, FLT SPEED= 919.030, FLT MODE= 1
-1 Flutter Mode
-1 < Output Set
451 <« Definition
1, 1, 1, Flutter Mode
ZAERO Total Translation Output Data Vector
0., 0., 0., Definition
, , , 0, 0, o0, O, O, o0, O,
o, o0, o0, O,

o7

’

2 3 4
o, o, o o0, 0, O,
0 0 1
1 1 1

B W N
v oo Ul

.1585974693298340D+00,
.0390295982360840D+00,
.0613470077514648D+00,
.1585974693298340D+00,
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Steps within FEMAP to View the Deformed or Animated Flutter Mode Shape
(ZAERO output file generated by PLTFLUT bulk data card)

Open (via File/Import/FEMAP Neutral) the ZAERO output neutral file of the aerodynamic model with
flutter mode deformation (select View/Redraw if the image does not appear after loading)

Aerodynamic grids (nodes) are displayed as green x’s

Aerodynamic boxes (elements) are displayed as white quadrilaterals

Rotate, pan or autocenter the model with the Dynamic Rotate function (top left button on the toolbar)

Node, Point and Element features (such as id’s) can be set in the View/Options (F6 key) window

Open the View/Select Window (F5 key)

To statically view the flutter mode at a certain time step, from the Deformed Style section, click on the
Deform radio button. Then click the Deformed and Contour Data button. From the Output Set section,
select the time step you want to view. Then click OK and OK. You will then see the flutter mode
deformation at the selected time step.

To animate the flutter mode through all time steps, from the Deformed Style section, click on the Animate-
MultiSet radio button. Then click the Deformed and Contour Data button.

In the window that opens, under Output Set select the first output set (i.e., 1..Flut Mode 1 T= 0.00000).
In the Output Vectors/Deformation, select either TOTAL, T1, T2, or T3 to be displayed. TOTAL is the
complete flutter mode shape. The flutter frequency is displayed in the Output Set box and will also shown
on the lower left hand side of the screen during animation.

Click on OK for both windows

If the animation does not start, select the View/Advanced Post/Animation menu item and click the Play
button. You can control the animation settings from this dialog.

FEMAP, by default, animates or deforms the model based on a percentage of the model length. To view
the actual displacement based on the ZAERO output (set by the MAXDISP entry of the PLTFLUT bulk
data card), open the View/Options window, select the PostProcessing category, select Deformed Style in
the Options menu and uncheck the % of Model (Actual) checkbox.

NASTRAN Compatible Output

The NASTRAN compatible output is saved in standard NASTRAN bulk data format. A sample is shown in the
following figure and is described below:

BEGIN BULK

$ FLUTTER MODE 1, PLTFLUT ID= 10 WF=8.815+00HZ, VF=1.321+03 QINF=1.859+03
$ AT T= .00000SEC

GRID 1 -1.00+020.000+000.000+00

GRID 2 -8.00+011.202+01-1.20+01 Aerodynamic

GRID 3 -8.00+010.000+00-1.70+01 Grid Points

GRID 4 -1.00+020.000+000.000+00

GRID 5 -1.00+020.000+000.000+00

CQUAD4 1 201 1 2 3 4

CQUAD4 2 201 5 6 7 8

CQUAD4 3 201 9 10 11 12 Quadrilateral
CQUAD4 4 201 13 14 15 16 Elements
CQUAD4 5 201 17 18 19 20

CQUAD4 6 201 21 22 23 24
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ENDDATA

BEGIN BULK

$ FLUTTER MODE 1, PLTFLUT ID= 10 WF=8.815+00HZ, VF=1.321+03 QINF=1.859+03
$ AT T= .01418SEC

GRID 1 ~1.00+020.000+000.000+00 y B

GRID 2 -8.00+011.202+01-1.20+01 2" zone containing

GRID 3 -8.00+010.000+00-1.70+01 the deformed

GRID 4 -1.00+020.000+000.000+00 aerodynamic model

GRID 5 -1.00+020.000+000.000+00 at the second time step

ENDDATA

The comment title card ($) lists the index of the flutter mode shape, the identification of current PLTFLUT
bulk data card, the flutter frequency (in Hz), the flutter speed (in units specified in the referenced flutter bulk
data cards; FIXMATM, FIXMACH, FIXMDEN), and the dynamic pressure (in units specified in the
referenced flutter bulk data cards). The real time (in seconds) of the current deformed plot based on the flutter
frequency computed from is also provided. One complete bulk data section is provided at each time step for
one complete cycle.

ix 1 for i =1,2,...,NTIME, where w; = flutter frequency (in Hz)
o; X NTIME
7.4 Generalized Aerodynamic Force Coefficients Generated by the Rational Approximation in the

Minimum State Method (PLTMIST)

An output data file from the rational function approximation method can be generated by the PLTMIST bulk
data card. This output file contains the computed and approximated (i.e. Laplace domain) generalized
aerodynamic forces (GAF) output in either the complex plane or real and imaginary components versus reduced
frequency. This output plot file can be used to visually inspect the approximated GAF for intermediate reduced
frequencies (e.g., see Figure 1.4).

The output of PLTMIST is in tabular format and can be plotted with almost any spreadsheet application. A
sample of the PLTMIST output is shown in the following figure.

ASE= 150 MACH NUMBER= 8.0000E-01 IROW= 5 ICOL= 4
COMPUTED DATA RATIONAL APPROXIMATION

REDUCED GENERALIZED FORCE REDUCED GENERALIZED FORCE

FREQUENCY REAL IMAGINARY FREQUENCY REAL IMAGINARY
0.0000E+00 -5.5722E+01 0.0000E+00 0.0000E+00 -5.5722E+01 0.0000E+00
1.0000E-01 -5.3670E+01 1.8147E+01 5.0000E-02 -5.4788E+01 1.0335E+01
1.5000E-01 -5.1588E+01 2.6671E+01 1.0000E-01 -5.2754E+01 1.9783E+01
1.7500E-01 -5.0340E+01 3.0816E+01 1.2500E-01 -5.1542E+01 2.4271E+01
2.0000E-01 -4.8962E+01 3.4893E+01 1.5000E-01 -5.0208E+01 2.8662E+01
2.2500E-01 -4.7454E+01 3.8910E+01 1.7500E-01 -4.8734E+01 3.2972E+01
2.5000E-01 -4.5809E+01 4.2867E+01 2.0000E-01 -4.7107E+01 3.7201E+01
2.7500E-01 -4.4031E+01 4.6769E+01 2.2500E-01 -4.5318E+01 4.1339E+01
3.0000E-01 -4.2107E+01 5.0609E+01 2.5000E-01 -4.3365E+01 4.5373E+01
3.5000E-01 -3.7794E+01 5.8091E+01 2.7500E-01 -4.1248E+01 4.9289E+01
4.0000E-01 -3.2810E+01 6.5245E+01 3.0000E-01 -3.8974E+01 5.3070E+01
5.0000E-01 -2.0720E+01 7.7981E+01 3.2500E-01 -3.6552E+01 5.6705E+01
6.0000E-01 -6.2717E+00 8.7380E+01 3.5000E-01 -3.3993E+01 6.0179E+01
8.0000E-01 2.2266E+01 9.3176E+01 3.7500E-01 -3.1310E+01 6.3484E+01
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1.0000E+00 3.9654E+01 9.0090E+01 4.0000E-01 -2.8519E+01 6.6612E+01
4.5000E-01 -2.2670E+01 7.2312E+01
5.0000E-01 -1.6569E+01 7.7256E+01
5.5000E-01 -1.0331E+01 8.1447E+01
6.0000E-01 -4.0626E+00 8.4909E+01
7.0000E-01 8.2198E+00 8.9820E+01
8.0000E-01 1.9736E+01 9.2407E+01
9.0000E-01 3.0165E+01 9.3132E+01
1.0000E+00 3.9352E+01 9.2427E+01

7.5 Interpolated Structural Mode Shape (PLTMODE)

An output data file of the interpolated structural mode shapes on the aecrodynamic model can be generated with
the PLTMODE bulk data card (see Figure 7.5). Viewing the interpolated structural modes is very useful in
determining whether or not the aerodynamic model is properly splined to the structure. Experience has shown
that most errors in aeroelastic analysis are a result of incorrect spline input. Therefore, viewing the interpolated
structural mode shapes should always be performed for verification purposes whenever the spline input (i.e.,
SPLINE1, SPLINE2, SPLINE3, an ATTACH bulk data cards) is modified.

The maximum displacement of the interpolated
structural mode shape is controlled by the
MAXDISP entry of the PLTMODE bulk data
card. MAXDISP is a fraction (i.e., 0.0 — 1.0) of
the reference chord length (REFC entry)
specified in the AEROZ bulk data card.

The PLTMODE output plot file contains the
deformed aerodynamic model for a specified
structural mode. All aerodynamic box corner
grid points and connectivity information of the Figure 7.5 Plot of an Interpolated Mode Shape on the
aerodynamic model (i.e., a deformed Aerodynamic Model (Mode 1)

aerodynamic model) is generated. The magnitude of the displacement is scaled by the SCALE entry of the
PLTMODE bulk data card. The data for this output file is generated by the spline (SPLINE) module.

e PATRAN Compatible Output

The PATRAN compatible output to display the interpolated mode shape is saved in two separate files. The
aerodynamic model is saved in the neutral file format while the interpolated mode shape nodal displacements
are saved in a results file. Both files will need to be imported into PATRAN to display the interpolated mode
shape results. A sample of the PATRAN compatible output files are shown in the following figures and are
described below:
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Neutral File of the Aerodynamic Model

25 0 0 1 0 0 0 0 0
ZAERO AERODYNAMIC MODEL - PATRAN NEUTRAL FILE OUTPUT
26 0 0 1 260 65 1 1 0
08/23/200009:09:28 2.5
1 1 0 2 0 0 0 0 0
-0.100000000E+03 0.000000000E+00 0.000000000E+00
0G 6 0 0000000
1 2 0 2 0 0 0 0 0
-0.800000000E+02 0.120208158E+02-0.120208149E+02
0G 6 0 0000000 \
. Aerodynamic
. Grid Points
2 1 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
1 2 3 4
2 2 4 2 0 0 0 0 0
4 0 1 0 0.000000000E+00 0.000000000E+00 0.000000000E+00
5 6 7 8 \
: Aerodynamic
: Boxes

Results File of the Interpolated Mode Shape (Displacement Results)

ZAERO MODE SHAPE: PLTMODE ID= 10, MODE= 1, FREQ= 4.613 HZ
260 260 0.300000E+02 259 3

FOR THREE DEGREES OF FREEDOM DX DY DZ

SUBTITLE 2
10.0000000E+000.0000000E+000.0000000E+00
20.0000000E+000.0000000E+000.0000000E+00
30.0000000E+000.0000000E+000.0000000E+00
40.0000000E+000.0000000E+000.0000000E+00

Aero

Grid Id’s DX, DY, DZ
Displacements at aero grids

Steps within PATRAN to View the Deformed or Animated interpolated Mode Shape
(ZAERO output file generated by PLTMODE bulk data card)

Start PATRAN and from File/New open a new PATRAN database.

- Read in the geometry file first. Select File/Import from the menu, then select Object:Model and
Source: Neutral select the appropriate geometry neutral file and click Apply.

- Click the Yes button on any message boxes that may appear.

- Read in the displacement results files next. Select File/I[mport from the menu, then select Object:Results
and Source:Patran2.dis. A dialog will appear to select a results template. You can the results template file
from the ZAERO home directory/miscel folder. After selecting the results template you need to load the
flutter mode shape displacement results file from your runtime directory.

- Verify that the import/read was successful in the Dialog Box. Select Results from the toolbar buttons,
Action:Create, Object: Deformation.

- The Fringe results list should show up results that were read in.

The following PATRAN results template can be used to load the displacements from ZAERO.

/* zaero dis.res_tmpl */

7-25



PLOT FILES

/* PATRAN 2.5 results file template for ZAERO .dis files */

KEYLOC = 0

TYPE = vector
COLUMN = 1, 2, 3
PRI = Displacements
SEC = Translational
CTYPE = nodal

TYPE = END

Tecplot Compatible Output
A sample of the Tecplot compatible output is shown in the following figure and is described below.

TITLE ="THE
VARIABLE
ZONE I=
-1.0000E+02
-8.0000E+01
-8.0000E+01
-1.0000E+02
-1.0000E+02

X

B oe
g WU e

1TH MODE ON AERO MODEL FROM FILE sample.fre"
, Y, Z, EXTID
260 J= 65 F=FEPOINT

0.0000E+00 .0000E+00
2021E+01 .2021E+01
0000E+00 .7000E+01
0000E+00 .0000E+00
0000E+00 .0000E+00

202
207
206
201

P — Grid Point

1.
0. Tdentificatinn Numhere
0.
0. 203 ]

Aerodynamic

Grid Points (X,Y,Z)

Aerodynamic Connectivity

Information (aero boxes)

e.g., the first line connects the 1st, 2nd, 3rd
and 4th aero grid points listed above

10

18

TITLE

VARIABLE
X
Y
zZ
EXTID

ZONE
I
J
F=FEPOINT

lists the requested structural mode index, and the name of the structural finite element
output file from which the structural finite element modes are read in (i.e., file assigned
by the ASSIGN Executive Command in the ASSIGN Executive Command Section)

defines the variable names associated with the column data
X-coordinate of the aerodynamic grid point

Y-coordinate of the aerodynamic grid point

Z-coordinate of the aecrodynamic grid point

External grid point identification number

specifies information for the current zone

number of aerodynamic grid points listed in the plot file
number of aerodynamic boxes listed in the plot file
finite-element zone specification

I-DEAS Compatible Output

The I-DEAS compatible output is saved in the universal file format. Data sets 781 and 780 are used to output
the aerodynamic grid points and boxes, respectively. Data set 55 is used to output the displacements at the
aerodynamic grid points. The first five ID lines of data set 55 list the following information:

Line 1: Structural input data mode shape number
Line 2: Structural input data filename
Line 3: NONE
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Line 4: NONE
Line 5: NONE

A sample of the I-DEAS compatible output is shown in the following figure:

-1

781
1 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00
2 0 0 11

-8.0000000000000000D+01 1.2020814895629883D+01 -1.2020814895629883D+01
3 0 0 11

-8.0000000000000000D+01 0.0000000000000000D+00 -1.7000000000000000D+01
4 0 0 11

-1.0000000000000000D+02 0.0000000000000000D+00 0.0000000000000000D+00

Aerodynamic
-1 Grid Points
780
1 94 1 100000 1 201 1 4
1 2 3 4
2 94 1 100000 1 201 1 4
5 6 7 8
3 94 1 100000 1 201 1 4
9 10 11 12
4 94 1 100000 1 201 1 4
13 14 15 16
-1 \ Quadrilateral
55 Elements
ZAERO MODE SHAPE OUTPUT, MODE= 1
FROM FILE: crop.f06
NONE
NONE
NONE
1 2 3 8 2 6
1 1 1

0.00000E+00
1
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00

2

0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
3

0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
4

0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00

Displacement on
Aerodynamic Grids

o  FEMAP Compatible Output

The FEMAP compatible output is saved in the FEMAP (ver 7.0) neutral file format. Data Blocks 403 and 404
are used to output the aerodynamic grids and boxes, respectively. Data Block 450 is used to output the flutter
mode output set definition. Data Block 451 is used to output four data vectors to display the interpolated mode
shape (TOTAL Translation), X-axis translation (T1), Y-axis translation (T2) and Z-axis translation (T3). A
sample of the FEMAP compatible output is shown in the following figure.
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-1.0000000000000000D+02,

-1
404

201, 124,
0, 0, 0,

202, 207,
0, 0,

0, 0,

0, 0,

0, 0, 0,
0, 0, 0,

450
1,

Mode 1
0, 2

4.613 Hz

0., 0., 0.,

2, 3, 4, 0, 0, 0O,
o, o, o o0, 0, O,
o, o, 1, 7,

1 1 1

’

NI S
oo oo

-1
100
<NULL> +—
7.
-1
-1
403
201, o,
-1.0000000000000000D+02,
202, 0,
-1.0000000000000000D+02,
203, o,
-1.0000000000000000D+02,
204, 0,

Neutral File Header followed by other
reanired Data Blocks

0

0

0

0

0.0000000000000000D+00,
0.0000000000000000D+00,
0.0000000000000000D+00,

0,

4.6127114295959473D+00,

0, 1,
.0000000000000000D+00,
o, 1,
.0000000000000000D+00,
o, 1,
.0000000000000000D+00,
o, 1,

.0000000000000000D+00,

1, 17,
0,

206, 201,
0, 0,

0.0000000000000000D+00,
0.0000000000000000D+00,
0.0000000000000000D+00,

46, 0, 0, 0, 0,
0.0000000000000000D+00,
46, 0, 0, 0, 0,
0.0000000000000000D+00,
46, 0, 0, 0, 0,
0.0000000000000000D+00,
46, 0, 0, 0, 0,
Aerodynamic
Grid Points
4, 1, 0,
o, 0, 0,
0, 0, 0,

0.0000000000000000D+00,
0.0000000000000000D+00,
0.0000000000000000D+00,

0, 0, 0, 0, 0, 0, 0, 0,
Quadrilateral
Elements
< Interpolated Mode

Output Set Definition

Interpolated Mode
<4— Output Data Vector
0, o, . Definition
o, 0, O,

.0000000000000000D+00,
.0000000000000000D+00,
.0000000000000000D+00,
.0000000000000000D+00,
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Steps within FEMAP to View the Deformed or Animated Interpolated Mode Shape
(ZAERO output file generated by PLTMODE bulk data card)

Open (via File/Import/FEMAP Neutral) the ZAERO output neutral file of the aerodynamic model with
interpolated mode deformation (select View/Redraw if the image does not appear after loading)
Aerodynamic grids (nodes) are displayed as green x’s

Aerodynamic boxes (elements) are displayed as white quadrilaterals

Rotate, pan or autocenter the model with the Dynamic Rotate function (top left button on the toolbar)

Node, Point and Element features (such as id’s) can be set in the View/Options window

Open the View/Select Window

To animate the flutter mode, from the Deformed Style section, click on the Animate button

To statically view the flutter mode, from the Deformed Style section, click on the Deform button

Click on the Deformed and Contour Data button bar

In the window that opens, under Output Vectors/Deformation, select either TOTAL, T1, T2, or T3 to be
displayed. TOTAL is the complete flutter mode shape. The modal natural frequency is displayed in the
Output Set box and will also shown on the lower left hand side of the screen during animation.

Click on OK for both windows

FEMAP, by default, animates or deforms the model based on a percentage of the model length. To view
the actual displacement based on the ZAERO output (set by the MAXDISP entry of the PLTMODE bulk
data card), open the View/Options window, select the PostProcessing category, select Deformed Style in
the Options menu and uncheck the % of Model (Actual) checkbox.

The number of frames and display times of the animation sequence can be set by the
View/Options/PostProcessing/Animation/Frames and Delay input options.

NASTRAN Compatible Output

The NASTRAN compatible output is saved in standard NASTRAN bulk data format. A sample is shown in the
following figure and is described below.

BEGIN BULK

$ DEFORMED AERO MODEL OF THE 2TH MODE (REPRESENTED BY GRID & CQUAD4) FROM FILE:
S sample. fre

GRID 1 -1.00+020.000+000.000+00

GRID 2 -8.00+011.202+01-1.20+01 Aerodynamic

GRID 3 -8.00+010.000+00-1.70+01 Grid Points

GRID 4 -1.00+020.000+000.000+00

GRID 5 -1.00+020.000+000.000+00

CQUAD4 1 201 1 2 3 4

CQUAD4 2 201 5 6 7 8 .
CQUAD4 3 201 9 10 11 12 gll:: E:;i:]l?stera]
CQUAD4 4 201 13 14 15 16

CQUAD4 5 201 17 18 19 20

ENDDATA
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The comment title card ($) list the index of the structural mode shape and the name of the structural finite
element output file from which the structural finite element modes are read in (i.e., file assigned by the

ASSIGN Executive Command in the ASSIGN Executive Command Section).

7.6 Transient Response Analysis (PLTTIME)

An output data file of the transient response of maneuver loads analysis can be generated with the PLTTIME
bulk data card. Two types of output plot files and one ASCII text file can be generated through the use of the
PLTTIME bulk data card. The plot files can be used to display the aircraft maneuver history (e.g., Figure
7.6.a) or the elastic deformation history (e.g., Figure 7.6.b). An ASCII text file can also be output that contains
the NASTRAN or [-DEAS FORCE and MOMENT bulk data cards at the structural finite element grid points.
This output can be inserted into the NASTRAN or I-DEAS model input deck to perform a detailed stress
analysis using static structural analysis.

(2)

Aircraft

Maneuver

=
Elastic

Deformation

o

s
I
i
i

o
(i
0.7.:
i
00,9
i
0%0

<
%00 i
i
il
)

55
N
\
N
4

)
o
|

<>

)
|
|
W

~
.‘
i

(b)

(a) Aircraft Maneuver History and (b) Elastic Deformation History

Figure 7.6 Sample Output Plot Files of the PLTTIME Bulk Data Card (can be animated)

The output format for the maneuver and elastic deformation histories are identical to that of the PLTFLUT
bulk data card (please see Section 7.3 for a description of this output format). Again, the data output is at each

time step (i.e., transient).

e NASTRAN Compatible FORCE/MOMENT Output

The output format of the ASCII text file containing the NASTRAN FORCE and MOMENT bulk data cards is
shown in the following figure.

$

$558855888

$

FORCE 100
FORCE 100
MOMENT 100
FORCE 100
FORCE 100
MOMENT 100

AT TIME=

0.10000E+00,

0-1.26-12
04.436-09
0-2.26-10
0-1.55+02
0-1.79+03
05.809-10

LOAD SET

SFORCES & MOMENTS AT FEM GRIDS RESULTING FROM SET
$ THE USER CAN INSERT THIS FILE BACK TO THE FEM MODEL
$ FOR SUBSEQUENT STATIC ANALYSIS AND STRESS CALCULATIONS.

1.000
0.000
0.
1
0
0

000

.000
.000
.000

H OoOor oo

100

100 $5$555558%

.000 0.000
.000 1.000
.000 0.000
.000 0.000
.000 1.000
.000 0.000

7-30




PLOT FILES

$

$85555588S AT TIME= 0.12000E+00, LOAD SET = 101 $55$5888$
$

FORCE 101 90 04.872-13 1.000 0.000 0.000
FORCE 101 90 04.517-09 0.000 0.000 1.000
MOMENT 101 90 0-1.64-10 0.000 1.000 0.000
FORCE 101 97 0-2.91+01 1.000 0.000 0.000
FORCE 101 97 0-3.05+03 0.000 0.000 1.000
MOMENT 101 97 05.851-10 0.000 1.000 0.000

Six title lines are output, each beginning with a NASTRAN comment ($) card, that list the MLOADS (transient
maneuver load set) bulk data card ID number, and LOAD SET ID’s generated for each time step. Each load set
corresponding to a specific time can be inserted into a NASTRAN input deck to perform a static structural
analysis.

e [-DEAS Compatible FORCE/MOMENT Output

The output format of the ASCII text file containing I-DEAS output of FORCE and MOMENT stored in
universal dataset 782 for each load set as shown in the following figure.

-1
782
100 1
AT TIME = 0.10000E+00 LOAD SET= 100
90 4111111
-1.26953E-12 0.00000E+00 4.43699E-09 0.00000E+00 -2.26623E-10 0.00000E+00
97 4111111
-1
-1
782
101 1
AT TIME = 0.12000E+00 LOAD SET= 101
90 4111111
4.87298E-13 0.00000E+00 4.51772E-09 0.00000E+00 -1.64101E-10 0.00000E+00
97 4111111
-2.91847E+01 0.00000E+00 -3.05421E+03 0.00000E+00 5.85172E-10 0.00000E+00

7.7 Static Aeroelastic/Trim Analysis Results (PLTTRIM)

An output data file of the static aeroelastic/trim results can be generated with the PLTTRIM bulk data card.
Two types of output plot files and one ASCII text file can be generated through the use of the PLTTRIM bulk
data card. The plot files can be used to display the deformed aecrodynamic model under flight loads (e.g., Figure
7.7.a) and/or the resulting steady pressure distribution (e.g., Figure 7.7.b). An ASCII text file can also be output
that contains the NASTRAN or I-DEAS FORCE and MOMENT bulk data cards at the structural finite
element grid points. This output can be inserted into the NASTRAN or I-DEAS model input deck to perform a
detailed stress analysis using static structural analysis.
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(a) (b)
(a) Deformed Aero Model and (b) Steady Pressure Distribution
Figure 7.7 Sample Output Plot Files of the PLTTRIM Bulk Data Card,

The output format for the deformed aerodynamic model is identical to that of the PLTMODE bulk data card
(please see Section 7.5 for a description of this output format), except that both sides of the deformed
aerodynamic model are included. The output format for the steady pressure distribution is identical to the
PLTCP bulk data card except that the imaginary component of the unsteady pressure result will always be zero
while the real component will reflect the steady pressure (please see Section 7.2 for a description of this output
format).

e NASTRAN Compatible FORCE/MOMENT Output

The output format of the ASCII text file containing the NASTRAN FORCE and MOMENT bulk data cards is
shown in the following figure.

SFORCES & MOMENTS AT FEM GRIDS RESULTING FROM TRIM = 100 FOR FLEXIBLE MODEL

$ MACH = 0.9000 DYNAMIC PRESSURE= 0.12000E+04

SFORCES & MOMENTS IN TERMS OF NASTRAN FORCE AND MOMENT BULK DATA CARDS

SFOR TWO SIDES OF THE MODEL

SWHERE LOAD SET= 100 REFERS TO THE GRIDS ON THE RIGHT HAND SIDE OF THE MODEL
S LOAD SET = 101 REFERS TO THE GRIDS ON THE LEFT HAND SIDE OF THE MODEL
$ THE USER CAN INSERT THIS FILE BACK TO THE FEM MODEL

$ FOR SUBSEQUENT STATIC ANALYSIS AND STRESS CALCULATIONS.

FORCE 100 90 00.000+00 1.000 0.000 0.000
FORCE 100 90 00.000+00 0.000 1.000 0.000
FORCE 100 90 01.665+04 0.000 0.000 1.000
MOMENT 100 90 04.083+04 1.000 0.000 0.000
MOMENT 100 90 04.859+04 0.000 1.000 0.000
MOMENT 100 90 00.000+00 0.000 0.000 1.000
FORCE 100 97 0-2.93-10 1.000 0.000 0.000
FORCE 100 97 0-7.39-13 0.000 1.000 0.000
FORCE 100 97 0-7.20+03 0.000 0.000 1.000
MOMENT 100 97 00.000+00 1.000 0.000 0.000
MOMENT 100 97 00.000+00 0.000 1.000 0.000
MOMENT 100 97 00.000+00 0.000 0.000 1.000

Eight title lines are output, each beginning with a NASTRAN comment ($) card, that list the TRIM bulk data
card ID number, Mach number, dynamic pressure, and LOAD SET ID’s within the current file that indicate
whether the entries refer to the right-hand or left-hand sides of the model.
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e [-DEAS Compatible FORCE/MOMENT Output

The output format of the ASCII text file containing I-DEAS output of FORCE and MOMENT stored in
universal dataset 782 for both Left-Hand-Side (LHS) and Right-Hand-Side (RHS) load sets is shown in the
following figure.

-1

782
100 1
RIGHT-HAND-SIDE OF FLEXIBLE MODEL
90 4111111
0.00000E+00 0.00000E+00 1.66503E+04 4.08355E+04 4.85924E+04 0.00000E+00
97 4111111

-2.93787E-10 -7.39602E-13 -7.20023E+03 0.00000E+00 0.00000E+00 0.00000E+00

782
101 1
LEFT-HAND-SIDE OF FLEXIBLE MODEL
90 4111111
0.00000E+00 0.00000E+00 1.14435E+04 2.51545E+04 3.56345E+04 0.00000E+00
97 4111111

-2.93787E-10 -7.39602E-13 -7.20023E+03 0.00000E+00 0.00000E+00 0.00000E+00

7.8 Flutter Frequency and Damping Curves (PLTVG)

An output data file of the flutter frequency and damping curves can be generated with the PLTVG bulk data
card (see Figure 7.8). The PLTVG output data is saved in column format which can be read in by virtually any
spreadsheet application. The y-axis values are the frequency and damping results from a referenced FLUTTER
bulk data card, while the x-axis can be specified as any one of the following: Mach number (M), density (R),
dynamic pressure (Q), altitude (H), velocity (V) and normalized velocity (V/VR) (i.e., V/Vref, where V is the
velocity and Vref is a reference velocity; useful to convert from one set of units to another). Note that VREF is
specified on the FIXxxxx bulk data card(s).

06 80.000
-a— Mode 1 J
0.4 70000 ———O0—O0—O0—O0—0—0
02 Mode 2 .
lo{? —— Mode 3 ,, o000y
g S ——we o Mode 4 £ 50,000
£-021 ; >
§ 0.4 —-o— Mode 5 § 40.000
= A—h——A &4
0.6 £30.000 A
-0.8- 20.000
] 10.000
_1 2 T T T T T T T O 000
0 200 400 600 800 1000 1200 1400 1600 000 F——T—T T T T T

0 200 400 600 800 1000 1200 1400 1600
Velocity (ft/s)

Figure7.8 Flutter Curves of Damping and Frequency vs. Velocity

Velocity (ft/s)

The PLTVG output plot file contains the aecrodynamic damping and frequency versus velocity results of the
flutter analysis. The number of modes output can be specified by the NMODE entry of the PLTVG bulk data
card.
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®  TABLE Output (Microsoft Excel Compatible)

A sample of the spreadsheet-formatted output is shown in the following figure and is described below.

DAMPING & FREQUENCY X-Y PLOT FILE OF PLTVG IDSET= 11 FOR FLUTTER ID= 100 NMODE= 5
v G,MODE 1 G,MODE 2 G,MODE 3 G,MODE 4 G,MODE 5 v W HZ,MODE 1 W HZ,MODE 2 W HZ,MODE 3 W HZ,MODE 4 W HZ,MODE 5
.0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .0000E+00 .4613E+01 .1170E+02 .3307E+02 L4312E+02 .7132E+02
.8000E+04 -.1492E+00 -.1134E+00 -.2034E-01 -.1593E-01 -.8797E-02 .8000E+04 .5550E+01 .1127E+02 .3267E+02 .4274E+02 .7116E+02
.1000E+05 -.1673E+00 -.1553E+00 -.2553E-01 -.2180E-01 -.1081E-01 .1000E+05 .6214E+01 .1080E+02 .3252E+02 .4243E+02 .7112E+02
.1200E+05 -.1551E+00 -.2227E+00 -.3084E-01 -.2853E-01 -.1275E-01 .1200E+05 .7352E+01 .9904E+01 .3234E+02 .4203E+02 .7106E+02
.1300E+05 -.1701E-01 -.3903E+00 -.3356E-01 -.3224E-01 -.1369E-01 .1300E+05 .8345E+01 .9040E+01 .3224E+02 .4179E+02 .7104E+02
.1400E+05 .1686E+00 -.6141E+00 -.3630E-01 -.3589E-01 -.1460E-01 .1400E+05 .8633E+01 .8891E+01 .3212E+02 .4152E+02 .7101E+02
.1600E+05 .3886E+00 -.9165E+00 -.4148E-01 -.4159E-01 -.1637E-01 .1600E+05 .8914E+01 .8906E+01 .3185E+02 .4093E+02 .7095E+02
.1800E+05 IA5486E+00 -.1167E+01 -.4595E-01 -.4443E-01 -.1803E-01 .1800E+05 IA9173E+01 .8966E+01 .3155E+02 .4023E+02 .7089E+02 I
Velocity Damping Velocity Freqlllency
Values Valuee
SETID Set identification number of the PLTVG bulk data card

FLUTTER ID Identification number of the referenced FLUTTER bulk data card specified in the

NMOD
v

G,MODE x

IDFLUT entry of the PLTVG bulk data card
The number of modes for which damping and frequency values are printed

Velocity values in units specified by the FLTUNIT entry of the FIXHATM,
FIXMATM, FIXMACH, or FIXMDEN bulk data card. The default time unit will be
seconds unless the VREF entry in one of these bulk data cards is set to some value to
account for the conversion. For example, if the FLTUNIT is set to “FT”” and VREF is set
to “1.0” then the resulting velocities will be in ft/sec. If the desired velocities are knots,
then a value of VREF set to “1.68” should be used. In addition, the XAXIS entry of the
PLTVG bulk data card should be set to “V/VR” to implement the desired conversion.

Flutter damping values of mode number ‘x’

W HZ,MODE x Flutter frequency values (in Hertz) of mode number ‘x’

o [-DEAS Compatible Output

The I-DEAS

compatible output is saved in the universal file format. Data set 58 is used to output the damping

and frequency curves versus Mach number, density, dynamic pressure, altitude, normalized speed, or velocity.

One data set

58 is used to define an abscissa and ordinate data characteristics and therefore represents a single

curve of a single plot. The number of data set 58 output will equal 2 x number of modes requested in the
PLTVG bulk data card (i.e., the first set of output for the damping and the second for the frequency). The first
five ID lines of data set 58 list the following:

Line 1:
Line 2:
Line 3:
Line 4:

Line 5:

Standard output title: ‘ZAERO FLUTTER RESULTS’

Type of data output (e.g., Density versus Frequency)

The date and time the universal file was created

PLTVG bulk data card identification number, referenced FLUTTER bulk data card identification
number, and flutter mode number

NONE
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A sample of the I-DEAS compatible output is shown in the following figure:

-1

58
ZAERO FLUTTER RESULTS
OUTPUT OF MACH NUMBER VERSUS DAMPING
DATE: 04-08-1999 TIME: 13:03:08

OUTPUT FROM PLTVG WITH SETID= 11 , FOR FLUTTER ID= 100 , MODE NO.
NONE
0 1 1 11 DAMPING 1 0 M 100
2 8 0 0.00000E+00 0.00000E+00 0.00000E+00
1 0 0 0 MACH NUMBER
1 0 0 0 DAMPING G
0

0
0.00000E+00 0.00000E+00 0.70000E+00 -0.16262E+00 0.80000E+00 -0.16941E+00
.90000E+00 -0.65267E-01 0.95000E+00 0.21774E-01 0.10500E+01 0.80173E-01
0.11000E+01 0.11101E+00 0.12000E+01 0.11381E+00

-1

-1

58
ZAERO FLUTTER RESULTS
OUTPUT OF MACH NUMBER VERSUS DAMPING
DATE: 04-08-1999 TIME: 13:03:08

o

OUTPUT FROM PLTVG WITH SETID= 11 , FOR FLUTTER ID= 100 , MODE NO.
NONE
0 2 1 11 DAMPING 2 0 M 100
2 8 0 0.00000E+00 0.00000E+00 0.00000E+00
1 0 0 0 MACH NUMBER
1 0 0 0 DAMPING G
0

0
0.00000E+00 0.00000E+00 0.70000E+00 -0.10325E+00 0.80000E+00 -0.17427E+00
0.90000E+00 -0.37126E+00 0.95000E+00 -0.28615E+00 0.10500E+01 -0.34533E+00
0.11000E+01 -0.36389E+00 0.12000E+01 -0.34297E+00
-1

e FEMAP Compatible Output

The FEMAP compatible output is saved in the FEMAP (Version 7.0) neutral file format. Data Blocks 403 and
404 are used to output the fictitious aerodynamic grids and bar elements, respectively. Since FEMAP requires
XY plots to be functions of ID, Set Values or nodal Positions, the X-coordinate values (i.e., Mach number (M),
density (R) , dynamic pressure (Q), altitude (H), normalized speed (V/VR), or velocity (V) ) requested by the

PLTVG bulk data card are saved as X,y,z coordinates in Data Block 403 (i.e., x =y = z).

Two output set definitions (Data Block 450) are used to output the damping and frequency results. Data Block
451 is used to output the damping and frequency values for the numbers of modes (NMODE) requested in the

PLTVG bulk data card(s).
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A sample of the FEMAP compatible output is shown in the following figure.

-1
100 .
<NULL> < Neutral File Header followed by
7. other required Data Blocks
-1
-1
-1
403
1, 0, 0, 1, 46, o, o, 0, 0, 0,
0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00, o,
2, 0, 0, 1, 46, o, 0, 0, 0, 0,
6.9999998807907104D-01, 6.9999998807907104D-01, 6.9999998807907104D-01, 0,
3, 0, 0, 1, 46, 0, 0, 0, 0, 0,
8.0000001192092896D-01, 8.0000001192092896D-01, 8.0000001192092896D-01, 0,
Fictitious Aerodynamic
Grid Points for
-1
404 X-coordinate values
1, 124, 1, 17, 0, 1, 0,
0, 0, 0, 0,
1, 2, 0, 0, 0, 0, 0,
0, 0,
0, 0, 0, 0, 0, 0, 0,
0, 0,

0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00,
0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00,
0.0000000000000000D+00, 0.0000000000000000D+00, 0.0000000000000000D+00,

0, o, 0, 0, 0, 0, 0, o, 0, o, 0, o,
0, 0, 0, V\
. Fictitious Bar
. Elements
-1
450
1,
M vs Damping < Damping/Frequency
0, 2 Output Set Definition
0.0000000000000000D+00,
1,
<NULL>
-1

Damping/Frequency Value

451 / Output Data Vectors
1, 1, 1, ‘(///////

1, 0.0000000000000000D+00,
2, -1.6261789202690125D-01,
3, -1.6940814256668091D-01,
4, -6.5271206200122833D-02,
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Steps within FEMAP to View the Damping and Frequency Curves

(ZAERO output file generated by PLTVG bulk data card)

Open (via File/Import/FEMAP Neutral) the ZAERO output neutral file of the flutter damping and
frequency results (select View/Redraw if the image does not appear after loading)

Ignore any model that is displayed. The model is created for X-axis data points only.

Text will appear on the screen to describe how to view the plots. This text can be turned off from the
View/Options/Text/Entity Off option.

Open the View/Select Window

In the XY Style section, select the XY vs Position checkbox

Click on the XY Data button bar

In the window that opens, under Output Set, select either xx vs Damping or xx vs Frequency to view the
Damping or Frequency curves, respectively (where xx is either M, R, Q, H, V/VR or V as described
above).

Under Output Vector, select the mode to be displayed as curve 1.

Click on the next curve button (Curve 2)

Repeat the above 3 steps for up to 9 curves to be displayed.

Click on OK for both windows
To generate multiple plots, open a new window with View/New and repeat the above procedure for the
new window. In this fashion, V-G curves can be placed side-by-side.

PEGASUS Compatible Output

The PEGASUS compatible output is saved in ESA data format. A sample of the PEGASUS compatible output
is shown in the following figure and is described below:

*ESA
*COM
*COM G & F X-Y PLOT FILE OF PLTVG SETID= 30 FOR FLUTTER/ASE ID= 3 NMODE=
8
*COM HORIZONTAL AXIS IS Q
*COM
*FILE_SCALAR TEXT DATE Comment Cards
08/23/2000
*EOD
RUN1 <4— RunTitle
*RTITLE
MODE NO. 1
*EOD
*FLOAT
DYNAMIC P G W (HZ)
0.0000E+00 0.0000E+00 7.5312E+00 Arrays containing x-axis
1.7124E+01 -8.4357E-02 8.3428E+00 *—— and y-axis data
4.2810E+01 -1.9205E-01 9.6138E+00 (repeated for each mode)
6.8495E+01 -2.8176E-01 1.0988E+01
7.7057E+01 -3.0821E-01 1.1480E+01
*EOD
RUN2
*RTITLE
MODE NO. 2
*EOD
*FLOAT
DYNAMIC P G W(HZ)
0.0000E+00 0.0000E+00 1.5057E+01
1.7124E+01 3.9689E-05 1.4978E+01
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4.2810E+01 -3.7342E-04 1.4861E+01
6.8495E+01 -2.3405E-03 1.4749E+01
7.7057E+01 -3.7685E-03 1.4711E+01

The comment title cards (*COM) list the identification number of the current PLTVG bulk data card,
identification number of the referenced FLUTTER card, mode number, and the x-axis data label. Data arrays
are output for each mode containing the x-axis data (Mach number, density, dynamic pressure, altitude, speed,
or normalized speed) and y-axis data (damping and frequency).
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