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1.0 DYSCO 4.0, 4.] COMPARISON

A brief description of the Component and Solution Technology Modules included
in the previous implementation, DYSCO 4.0, and those added under the current
implementation, DYSCO 4.1, is presented for comparison.

1.1 DYSCO 4.0 COMPONENT TECHNOLOGY MODULES

1.1.1 CEM2 - Fuselage, Modal. CFM2 is a modal, thin-beam representation

which can be used to model a fuselage or similar structures. Special provi-
sion has been made to allow direct coupling with rotor hub degrees of freedom
and, more generally, with other arbitrary implicit degrees of freedom (trans-
lation only) defined along the principal axis. Interpolation of the modal
displacements and slopes is automatically performed to obtain the displace-
ments of the implicit degrees of freedom with respect to the CFM2 coordinate
system.

1.1.2 CRR2 - Rotor, Rigid Blades. CRR2 is a rotor system representation with
rigid hinged blades having flap, lag, and pitch degrees of freedom defined in

a rotating coordinate system and hub rigid body degrees of freedom defined in
a fixed system.

1.1.3 CRE3 - Rotor, Elasti 1 . CRE3 is a rotor system representation
with modal representations of elastic hinged blades which may include out-of-
plane, in-plane, and torsion degrees of freedom defined in a rotating coordi-
nate system. A rotor speed perturbation degree of freedom (angular displace-
ment of the entire rotor about the shaft axis with respect to the rotating
system) can also be defined. Hub rigid body degrees of freedom can be defined
in a fixed coordinate system.

1.1.4 CCE] - Control System, Elastic Rods. CCEl represents a rotor control

system consisting of damped elastic control rods which can be coupled directly
to the blade pitch degrees of freedom of a rigid rotor system or to the blade
torsion degrees of freedom of an elastic rotor system, through a rigid pitch

1




‘horn. Swashplate degrees of freedom can be defined with respect to the hub
coordinate system.

1.1.5 CCE@ - Control System, Elastic Rods. CCEf represents a rotor control
system consisting of undamped elastic rods which ca be coupled directly to

the blade degrees of freedom of rigid or elastic rotors through a rigid pitch
horn. '

Transformation cof time-varying coefficients from the rotating coordinate sys-
tem to the fixed system is performed by the component Active Modules of CRR2,
CRE3, CCEl, and CCEf during time-integration type solutions.

1.1.6 CSF] - Structure, rinite Element. CSF1 represents -an arbitrary, lin-

ear, constant coefficient set of second-order differential equations:
MX + CX + KX = F

Through the explicit coupling mechanism, CSF1 can be used to couple components
or modify the constant coefficients of a system.

1.1.7 - Elasti Nonlinear Spring). CES1 represents multiple
spring-damper elements which can have zero damping and stiffness over speci-
fied displacement gaps. CES1 elements allow a degree'of freedom to move
freely through a specified distance before encountering the resistance of a
spring or damper. These elements can be used in parallel to assemble piece-
wise-linear representations of nonlinear springs and dampers.

1.1.8 CLC] - Linear Constraints. CLCl is used to apply arbitrary linear con-
straints to the degrees of freedom of a system. The user formulates equations
in which existing (implicit) degrees of freedom are set equal to and are
replaced by functions of other arbitrary degrees of freedom. The coefficients
of these functions are constants specified by the user. CLC1 allows the user
to create rigid, pinned, or elastic couplings between components or to apply
scale factors to degrees of freedom. A degree of freedom may be eliminated by
setting it equal to zero.




1.2 T1 GY s

1.2.1 CFM3 - Fuselage, Modal (3-d). CFM3 is a general modal representation
for 3-dimensional elastic structures. Normal modes are specified at node
points defined in a 3-dimensional coordinate system. Direct coupling with
other components is only allowed at the node points, and no modal interpola-
tion is performed, but up to three translational and three rotational implicit
degrees of freedom can be defined locally at each node point. This implies
that the user need only define the elastic modes at points or attachment to
other components.

1.2.2 CRD3 - Rotor, Damaged {(Nonidentical) Blades. CRD3 allows changes to be
made to the physical and geometric properties of single or multiple blades of
an existing elastic rotor component (CRE3) in a model. CRD3 allows the user
to specify changes in blade properties without affecting or re-inputting the
other rotor system data. By selecting blade numbers, the user specifies the
blade degrees of freedom for which new coefficients will be calculated. These
component matrices are combined in the system equations like those of any
other component and do not replace the original CRE3 component matrices.
Thus, the blade changes are additive.

1.2.3 CLC2 - Linear Constraints. CLC2 is used to apply arbitrary linear con-
straints to the degrees of freedom of a system. Instead of formulating a set

of relationships between degrees of freedom and selecting and solving for the
implicit degrees of freedom (CLCl), the user need only specify the given rela-
tionships and implicit degrees of freedom and CLC2 will automatically solve
for the implicit degrees of freedom. Using the same set of relationships, the
user can do modeling with different sets of implicit degrees of freedom with-
out having to solve for each set of implicit coefficients.

1.2.4 CLCP - Linear Constraints. CLCP is a simplified version of CLC2 which
can be used to eliminate degrees of freedom from a system. The implicit coef-
ficients are automatically set to zero.




1.2.5 - . CGF2 is used to apply general periodic forces to
component and system degrees of freedom. CGF2 is a component with null mass,
damping, and stiffness matrices and a time-varying force vector which can be
defined as a combination of polynomial, Fourier series, and tabular functions.
Thrbdgh the explicit coupling mechanism, CGF2 can be used to apply forces to
the degrees of freedom of other components.The periodicity of the forces can
be augmented or be reduced to single applications through specifications of
start and end times.

1.2.6 CLG2 - Landing Gear. CLG2 is a general nonlinear representation of .a
landing gear strut and tire. Rigid body degrees of freedom are defined at a
point designated as the point of attachment for other components. An elastic
strut elongation degree of freedom is defined along the strut principal axis.
Tire degrees of freedom and, optionally, tire scrubbing degrees of freedom are
defined, allowing brakes on and off, tire scrubbing, and tire leaving the
ground conditions to be modeled for time history investigations. The stiff-
ness and damping coefficients for the strut and tire are defined as piecewise
linear functions of the displacement and velocity of the strut elongation and
tire degrees of freedom. Thus, preloaded.systems can be modeled.

1.2.7 CLS2 - Modal Lifting Surfice. CLS2 is a specialized modal representa-

tion for a planar lifting surface structure with a rigid hinged control sur-
face. Rigid body degrees of freedom are defined at an arbitrary attachment
point, and elastic modes are defined at stations along the principal (span-
wise) axis. Implicit degrees of freedom may be defined at node points in the
plane of the structure. In addition, a control surface rigid rotation degree
of freedom may be defined. Finally, the user can automatically mirror the
degrees of freedom and create a structure which is symmetric about its center-
line, as in the case of a full wing structure.

1.2.8 CGLP - Global Transformation. CGLP is a model dependent component

which forms the matrices used by time history and trim solutions to transform
gravitational and centrifugal acceleration vectors from the global (model)
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coordinate system to the individual component coordinate systems. Model se-
quence numbers identify the data sets for which transformation is required,
and the transformation matrices are formulated from the direction cosines of
the component X and Y coordinate axes with respect to the global coordinate
system.

1.2.9 (CSF3 - Nonlinear Spring, Damper System. CSF3 represents an arbitrary,
constant coefficient set of second order differential equations of the form

2 2

MK+ CX + KK + CX% + CoX® + KoX2 + KX + DXX + AXX? + BXPX = F
where M, C, K, CZ’ C3, KZ’ K3, D, A, and B are coefficient matrices. F is a
constant force vector, and X is the displacement vector of the system degrees

of freedom.

1.2.10 Component Loads Modules. A new component Technical Module, the Com-
ponent Loads Module (C---L), has been implemented in conjunction with a new
Solution Module, SII3, to compute and print out the time history internal
loads acting on the component degrees of freedom. Internal loads are defined
as the forces and moments due to the component stiffness and damping which act
on a degree of freedom with a given displacement and velocity. C---L can be
called by the Solution Active Module, SII3A, which processes the system state
vectors saved from a time history solution.

The internal loads and other time history derived quantities computed by the
currently installed Loads Modules are briefly described below.

1.2.10.1 CSF1L - The forces and moments exerted by the component springs and
dampers are calculated. In addition, the associated strain energies and vis-
cous damping energy dissipation rates are calculated.

1.2.10.2 CESIL - The forces and moments exerted by spring-damper elements are
calculated. In addition, the associated strain energies and viscous damping
energy dissipation rates are calculated.




l.g.10.3 CRE3L., CRD3L - The in-plane and out-of-plane bending moments and the
twisting moments due to shear are calculated at blade stations selected by the
user.

1.3 DYSCO 4.0 SOLUTION TECHN

A]] Solution Input Technical Modules are now constructed in the input table
fofmat.previously used only by Component and Force Input Modules and interact
with the DYSCO Input Processor (DIP). This provides a consistent means of
creating and retrieving the data required by a Solution Module. It provides
for consistency in prompting the user for input, in validating the input, and
in handling erroneous input and reduces the programmer effort required to con-
struct a new Solution Module. Solution Modules created prior to the DYSCO 4.1
implementation were converted to the input table format.

1.3.1 SEA3 - Eigenanalysis. SEA3 computes the eigenvalues and the eigenvec-
tors of the constant M and K matrices of a system using the power method.
Solutions cannot be obtained for systems with rigid body modes, and only sys-
tem eigenvectors can be output.

1.3.2 SEA4 - Eigepanalysis. SEA4 computes the eigenvalues and eigenvectors,
including rigid body modes, of the constant M and K matrices of a system using
the Householder method. Only system eigenvectors can be output.

1.3.3 STH3 - Time History. STH3 performs a Runge-Kutta integration of the

system equations with generalized initial conditions and an optional error

check. Helicopter rotor control parameters can be input and the computed
aerodynamic forces and torque on the rotor hub can optionally be output. As
part of the DYSCO 4.1 implementation, STH3 time history state vectors can
optionally be saved for interface and internal loads calculations (SII3).

1.3.4 SSF3 - Stability Floguet. SSF3 uses periodic shooting to determine

initial conditions for which a Runge-Kutta integration with optional error




check is performed on the general linear or nonlinear system equations. New
initial conditions are determined and the integration is repéated to achieve
the periodic equilibrium condition. Perturbation of the periodic equilibrium
state is performed by the n-pass method in order to form the Floquet transi-
tion matrix, on which an eigenanalysis is performed and the stability of the
system evaluated.

SSF3 is used primarily to determine the complex eigenvalues and eigenvectors
and hence, the stability of systems that include periodic (time-varying) coef-
ficients such as helicopter simulations, but is also useful for damped systems
with constant coefficients. Helicopter rotor control parameters can also be
input in the same manner as that for STH3.

1.3.5 STR3 - Trim. STR3 combines periodic shooting and the Newton-Raphson
method, using an iterative scheme to find the periodic equilibrium state and
the control settings for a specified helicopter (single rotor) flight condi-
tion. Optionally, immediately following the trim solution, a time history can
be performed using the conditions from the last trim iteration as initial con-
ditions. As part of the DYSCO 4.1 implementation, STR3 time history state
vectors can optionally be saved for interface and internal loads calculations
(SI13).

1.4 DYSCO 4.1 SOLUTION TECHNOLOGY MODULES

1.4.1 SEA5 - Eigenanalysis. SEA5 computes the complex eigenvalues and eigen-
vectors, including rigid body modes, of the constant M, C, and K matrices of a.
system using a generalized Householder algorithm. The user can select the
component, as well as system degrees of freedom for which the eigenvectors
will be output.

1.4.2 STH4 - Time History. STH4 performs the same Runge-Kutta integration of
the system equations with the same basic solution options as STH3, but rotor
controls input and rotor force output options are not available. However, the




user can select the component and system débrees of freedom for which the
stitp vector or, separately, displacement or velocity, will be output at each
time increment; time history output can optionally be written to an attached
plot file which can be post processed for plotting or other purposes; and
state vectors can optionally be saved for interface and internal loads calcu-
lations (SII3). In'addition, provision has been made for coded flags to be
issued automatically with the interactive output when specific dynamic condi-
tions are encountered by or ére in effect for a given component.

1.4.3 SI1I3 - Component Interface and Internal Loads. SII3 reads the system

state vectors saved from a time history solution (STH3, STH4, STR3), derives
the component state vectors from the system state vectors, and computes the
interface loads (residual forces and moments) acting on component degrees of
freedom using the component coefficient matrices. The time history interface
loads can opfionally be written to an attached plot file which can be post
processed for plotting or other purposes. The user also has the option to
compute the time history internal loads for certain components. When this
option is elected, th- component Loads Module, C---L, is called and calculates
the internal forces acting on component degrees of freedom (see paragraph
1.2.7).

1.4.4 SFD] - Frequency Domain, Mobility. SFD1 computes the complex displace-

ment mobility matrix for the constant M, C, and K matrices of a system at spe-
cified frequencies. Under the DYSCO 4.0 implementation, the system mobility
matrix was output in units of displacement per unit force. Under the DYSCO
4.1 implementation, the user can obtain component degree of freedom, as well
as system degree of freedom mobilities as the response due to a unit force at
some system degree(s) of freedom and has the option to have output expressed
as either displacement/unit force (in./1b, rad/in.-1b) or acceleration/unit
force (g/1b). In addition, the output mobilities can optionally be written to
an attached plot file which can be post processed for plotting or other pur-
poses.
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1.5 GLOBAL REFERENCE SYSTEM

Under the DYSCO 4.1 implementation, a global coordinate system can be defined
for a model. This allows gravitational and centrifugal force vectors to be
specified for the model and applied in the individual component coordinate
systems during time history and trim solutions. The gravitational and centri-
fugal acceleration vectors are specified in an inertial (fixed) coordinate
system and are successively transformed to the global (model) coordinate sys-
tem and component coordinate systems during a solution. Forces are computed
as the products of the component masses and the transformed accelerations.

1.6 USE OF TECHNOLOGY MODULES

In this basic description of the Component and Solution Technology Modules
currently included in DYSCO, the major points of difference between the pre-
sent implementation and the previous one have been presented. Following sec-
tions include sample usages of DYSCO Technology Modules and modeling examples.




2.0 DYSCO 4.1 OPERATION

This section is intended as a supplement to the information presented in Sec-
tions 1, 2, and 3 of the DYSCO 4.1 User’s Manual and is directed at the reader
who has become familiarized with those sections. In this section, examples of
DYSCO operation on the IBM 4341 computer under the CMS operating system will
be presented. File assignment, examples of the use of the currently installed
Technology Modules, and modeling éxamp]es and solutions will be presented and
discussed.

2.1 PRELIMINARY PROCEDURES

2.1.1 Beginning Execution. On the IBM, the name of the EXEC file which will
prompt the user for file information and execute DYSCO is specified at the CMS
level. On a VAX, the program is executed using the VMS RUN command and speci-
fying the program name assigned to DYSCO. File assignments are then requested
from the user. '

2.1.2 File Assignments. File assignments on the IBM are made by responding
to the following JCL prompts. Although a different procedure is used to make
file assignments on the VAX, the associated prompts are similar. Only
required input (based on previous input) is requested.

NUMBER OF DIRECT ACCESS USER FILES?
(Enter the number of User Data Files which will be assigned)

-NAME- OF FILE UNIT Un?

(Enter the first part of the full file name of the nth User Data
File; these files are referenced in DYSCO by the names Ul, U2, etc.,
and can be files previously created by DYSCO or new files which will
be initialized)

NUMBER OF SEQUENTIAL FILES?
(Enter the number of Sequential Files which will be assigned)
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ENTER -NAME- -FILETYPE- -FILEMODE- OF Sn

(Enter the full file name of the nth Sequential File; these files
are referenced in DYSCO by the names S1, S2, etc., and may contain
airfoil or induced velocity tables in formats consistent with re-
quirements givén in Volume II)

NUMBER OF PLOT FILES?
(Enter the number of Plot Files which will be assigned)

-NAME- OF IPLOTn? :
(Enter the first part of the full file name of the nth Plot File;

these files are referenced in DYSCO by the names IPLOT1, IPLOT2,
etc.)

LOAD FILE REQUIRED (Y/N)

(Enter Y [yes] if a Loads File is to be assigned, else N [no]; this
file is referenced in DYSCO by the name ILOAD)

At this time, the Run Data File and the Utility File are also defined and the
Run Data File is initialized. The Run Data File, the Loads File, and the
Utility File are erased at the end of DYSCO execution.

After the file assignments have been made, program execution begins (IBM), and
the user is given the option to initialize the User Data Files.

USER FILE Un TO BE INITIALIZED (Y OR N)

(The user can initialize new or previously created user files; all
data on a previously- created file is destroyed if the file is re-
initialized)

DESCRIPTION (24 CHAR)’OF Un
(If the nth User Data File is to be initialized, the user is asked

to provide a 24-character description which will be used to label
the file)

VERIFY Un TO BE INITIALIZED (Y OR N)

(The user is asked to reiterate that the nth User Data File is to be
initialized - in case the user has inadvertently chosen to initial-
ize an existing file)
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If a new User Data File is not initialized, an error will result,
and execution will be aborted.

Following file assignment and initialization, if necessary, the program issues
a COMMAND prompt and the user-may proceed. In the example in Figure 1, the
file dssignments are made for two previously created User Data Files. (R;)
indicates CMS command level and DYSA is the EXEC file which contains the file
assignment prompts.' (MORE...) and (VM READ) are screen prompts from the CMS
operaiing system. ‘

2.1.3 The Data Base. Once the COMMAND level has been reached and if files
created during previous DYSCO execution have been assigned, the user may wish
to survey the current data base using the TOC (Table of Contents) command.
The data base for the files assigned in the previous example are shown in Fig-
ure 2. TOC has been used to print the complete contents of the Run Data File
(R) and the two User Data Files (Ul, U2). Asterisks have been entered in
response to the TOC prompts in order to search all files for all data sets and
data members. The Run Data File remains empty unless the user adds data
(ds/dm) to it. The user can also limit the search to a single ds/dm on a
given file (Figure 3) or use * in combination with specific responses to per-
form specific searches.

Each component or force ds/dm has associated with it a sequentially numbered
1ist of variables-which have values. These values are specific to the partic-
ular component or force usage (ds/dm), but the variable list is part of the
full list of variables which can exist for the data member. The LIST command
allows the contents of a ds/dm to be listed. Two different usages of the same
data member are shown in Figures 4 and 5.

A model ds/dm consists of a sequentially numbered 1list of component data sets.
Within this model list, a component may have associated with it a force data
set and any auxiliary ds/dm’s (such as an airfoil table) which are required.
When a component includes automatically assigned degree of freedom names, the
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R;
DYSA
3696 36 36 36 36 36 36 36 38 38 3636 36 3638 36 36 36 36 36 36 36 36 2696 3¢ 36 3¢ 36 36 36 36 96 36 36 26 24 3¢
DYSCO 4.1 - SETUP
363698 36 36 36 38 36 3 36 36 36 30 3636 36 36 38 36 36 36 26 36 36 36 36 36 36 3¢ 36 36 36 2696 36 36 96 36 %

NUMBER OF DIRECT ACCESS USER FILES ?
~

-

33033 2000 3630 303 30 38 3030 36 3036 30 306 30 38 06 3030 3 2636 38 36 36 30 36 30 36 38 36 30 30 36 36 36 30 36 36 36 36 36 36
ALL REFERENCES TO THESE FILES ARE OF THE FORM

Ui U2 U3 U4
6630 3636 30 203 2006 3636 30620 30 3636 30 3630 30 36 36 36 38 36 36 36 36 30 3636 30 36 36 3¢ 36 30 36 30 36 6 34 36 34 3¢

-NAME- OF FILE U ?
ATL2

-NAME- OF FILE U2 ?
PACOSS

NUMEER OF SEQUENTIAL FILES ?
0

NUMEBER OF FLOT FILES?

0

LOAD FILE REQUIRED? (Y/N)

EXECUTION BEGINS...

USER FILE Uf TO BE INITIALIZED (Y OR N)
ESER FILE U2 TO BE INITIALIZED (Y OR N)
gOHﬂAND

Figure 1. Example File Assignments.
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COMMAND

TOC

FILE (* FOR ALL)

* ,

DATA SET (% FOR ALL)

* S o el v

DATA MEMBER (* FOR ALL)
%

wxenrx e ®%xTABLE OF CONTENTS SEARCH FOR % /% 2000 30 4 W
FILE R ON UNIT 43 RUN DATA FILE

NULL FILE

xxxxnux®xxtTAELE OF CONTENTS SEARCH FOR * /% 29636 3 2 3 % X
FILE Ui  ON UNIT ¢ "BLADE DAMAGE

B2Z4T2 /CRE3 ELASTIC ROTOR WITH.2 OF, 4 IP, 2 TOR MODES

FCT1.65 /FRA3 GENERAL AERO, INDUCED VEL .65

. MORE..
8300-4 /CFM2 ' 8300 LE AHIG, HUER (-.48, 94.485) .
COUFLE /CLCt TEETERING CONSTRAINT, CHANGE DEFLECTIONS FROM
' . RADIANS TO INCHES. . :

AH1G16.5/FFC2 AHI1G, 16.5 SQ FT FLAT PLATE DRAG

AFDi&61 /AIRFOIL E540/V0012 BELL DATA SOA/1OMN

3000 /CCEOQ CONTROL ROD STIFFNESS 3000 LR/IN

AHiGD /CRE3 ELASTIC ROTOR WITH 2 OP, 1 IP, 2 TOR MODES

AH1GDER /MODEL AHIG TRIM WITH 1 LE REMOVED FROM BLADE TIPS
AH1GDA /MODEL AHiG TRIM WITH ¢ LE REMOVED FROUM ELADE TIPS
DUMMY /CRD3 DUMMY COMPONENT

BASE /MODEL

DUMMY /MODEL '

AHIGD /CRD3 REMOVE 1 LB FROM BLADE TIFS

AH1G-35A/MODEL AHIG TRIM

e nnnxxTABLE OF CONTENTS SEARCH FOR = /% 336 3 % 3 3 % %
FILE U2 ON UNIT 2 FACOSS STRUCTURE
VERT{ /CLC2 COUPLE VERTICAL AND HORIZONTAL MEMBERS
VERT2 /CLC2 COUFPLE VERTICAL AND HORIZONTAL MEMEBERS
MORE..

Figure 2. Example Complete Table of Contents (TOC).
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VERT3
VERT4
HORIZ
MASS
VERT

PACOSSY /MODEL

COMMAND

/CLC2
/CLC2
/CSF 1§
/CSF{

/CFM2

COUFPLE VERTICAL AND HORIZONTAL MEMEERS
COUFLE VERTICAL AND HORIZONTAL MEMEERS
COUPLED DIAGONAL AND HORIZONTAL MEMBERS
LUMPED MASSES '

1.5 X 1.5 ALUMINUM TURE, 1/8 WALL, 240 LONG
FACOSS STRUCTURE SEGMENT f{

Figure 2. Example Complete Table of Contents (TOC) (continued)
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T0C
FILE (* FOR ALL)

U4 _

DATA SET (#* FOR ALL)

8300-4

DATA MEMEER (% FOR ALL)

CFM2

e TARLE OF CONTENTS SEARCH FOR 8300-4 /CFM2
FILE Ut  ON UNIT 1 BLADE DAMAGE

8300-4 /CFM2 8300 LE AH1G, HUB (-.68, 96.485)

COMMAND

Figure 3. Example Partial Table of Contents (T0C).
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LIST

DATA SET
8300-4

DATA MEMBER
CFM2

8300-4 /CFM2

36 36 36 2 IE I I 36 2 I I 3 ¥ 2 3%

ON FILE Ut

8300-4 /

CFM2

8300 LB AHIG, HUR (-.68, 96.485)

3636 3¢ 3 36 I 36 36 I I I I I 3¢ X%

36 3 36 36 I I 36 I 36 I I JE 3 I IE I I I IE I I I I I I I IEIEIEIEIEIE I I I I IE I I IEIE I IE 6 IEIE I IE I 36 J 26 I6 36 26 I6 I I I I I I 3 I %

INPUT FOR STRUCTURAL

REM
IXCG
IYcG
I1ZCG
IROLL
IFTCH .
Ivauw

CG
NMODE
10 NR

11 NROT
12 XROT
13 ZROT
14 ASF
i5 ASL
t6 IX

i7 1Y

i8 IZ

19 IAX
20 IAY
21 IAZ
22 NI

22 MASSL
24 IMXF
25 IMYF

o NV DHOLIR -~

LIST COMFLETE

COMMAND

RIGID EBODY MODES

LONG

ITUDINAL

LATERAL
VERTICAL

ROLL
PITC
YAUW

H

CG STATION (IN)
NO. OF ELASTIC MODES

NO.

OF ROTORS

ROTOR NUMEBERS
ROTOR STATIONS
ROTOR VERTICAL HT

FWD
LAT
HUE
HUE
HUR
HUE
HUE
HUE
NO.
FUSE

SHAFT ANGLE
SHAFT ANGLE
TRAN DOF -
TRAN DOF -
TRAN DOF -
ANGL DOF -
ANGL DOF -
ANGL DOF -
OTHER IMPLC
LAGE MASS

LONG
LAT
AXTAL
ROLL
PITCH
YAW
T DOF
(LR)

COMPONENT CFM2.

ROLL MOI SLUG-FT(SQ)=
FITCH MOI ABOUT CG
P2 T I 66T 3T IE I I T I I I I I I6 6 I I6 66T I I I I I I I K I I I 6 I 3606 3606 36

Figure 4.

YES
YES
NO

YES
YES
YES
NO

0.00000E+00
0
i
f
.80000E-01
. 64850E+01
.00000E+00
.00000E+00
YES

NO

YES

YES

YES

NO

-6
?
0
0

0]
7.29140E+03
3.00000E+03
8.00000E+03

Example LIST 1.
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LIST

DATA SET

VERT

DATA MEMBER

CFM2

VERT  /CEM2 ON FILE U2

33696 3 96 9636 36 363 3 36 96 3¢ VERT /CFM2 336 3 36 34 36 36 36 3 3636 3¢ 3 3¢ 3¢
1.5 X 1.5 ALUMINUM TUBE, 1/8 WALL, 240 LONG

*************************'lj**_*************_*_**.******ﬂ**********.****

INFUT FOR STRUCTURAL COMFONENT CFM2. MODAL FUSELAGE

1 RBM - RIGID BODY MODES = YES

2 IXCG - LONGITUDINAL = NO

3 IYCG - LATERAL = YES

4 1ZCG - VERTICAL = YES

S IROLL - ROLL = NO

6 IPTCH - PITCH = YES

7 IYAW - YAW = YES

| MORE.

8 CG - CG STATION (IN) = {.20000E+02

9 NMODE - NO. OF ELASTIC MODES= é

10 NS - NU. FUSELAGE STAS = S

11 X - (REAL) INPUT STATION VALUES
0.00000E+00 6.00000E+01 1.20000E+02 1.80000E+02
2.40000E+02

12 vCi - MODE§ VERTICAL COMP = YES

13 Zf - (REAL) MODE{ VERTICAL DISP
2.00000E+00 —-1.98400E-01 —-1.21S40E+00 -1 .98400E-01
2.00000E+00 |

14 ZFf - (REAL) MODE{ VERTICAL SLOFE

=3.87270E-02 0.00000E+00 0.00000E4+00 0.00000E+00
3.87270E-02

15 LCH - MODE{ LATERAL COMP = N

16 TC§ - MODE{1 TORSION COMP = ' NO\

17 vC2 - MODE2 VERTICAL COMP = ) YES

18 22 - (REAL) MODE2 VERTICAL DISF
2.00000E+00 —1.16940E+00 0.00000E+00 1.146940E+00
-2.00000E+00

19 ZP2 - (REAL) MODE2 VERTICAL SLOPE

~6.54940E-02 0.00000E+00 0.00000E+00 0.00000E+00
-6.54940E-02
MORE.

Figure 5. Examp'le. LIST 2.
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20

21

22

()

-~

25
26
27
28
29

30

31
32
33

34

35

35
37
38
39

40

44
42
43
44
45
44
47

LCc2
TC2
vC3
Z3

ZFr3

LC3
TC3
VC4
LC4
Y4

YF4

TCA4
vCS
LCS

Y5

YFS

TCS
vCé
LCé
Yé

YP6

TCé
NR
NI

MASSL
IMYF
IMZF

MMS

- MODE2 LATERAL COMP = NO
- MODE2 TORSION COMF = NO
- MODES VERTICAL COMP = YES

- (REAL) MODE3 VERTICAL DISP
2.00000E+00 -1.24220E+00 §.42240E+00
2.00000E+00

- (REAL) MODE3 VERTICAL SLOFE
-9.16270E-02 0.00000E+00 0.00000E+00
?.16270E-02

- MODE3 LATERAL COMP = NO
- MODE3 TORSION C3ImP = NO
- MODE4 VERTICAL COMP = NO
- MODE4 LATERAL COMP = YES

- (REAL) MODE4 LATERAL DISF
2.00000E+00 -1.98400E-01 -1.21560E+00
2.00000E+00

- (REAL) MODE4 LATERAL SLOFE
=3.87270E-02 0.00000E+00 0.00000E+00
3.87270E-02

- MODE4 TORSION COMP = NO
- MODES VERTICAL COMP = NOQ
- MODES LATERAL COMF = YES

- (REAL) MODES LATERAL DISF
2.00000E+00 -1.16940E+00 0.00000E+00
-2.00000E+00

- (REAL) MODES LATERAL SLOFE
=6.54940E-02 0.00000E+00 0.00000E+00
=6.54940E-02 ]

- MODES TORSION COMF = NO
- MODES6 VERTICAL COMP = NO
- MODES LATERAL COMF = YES

- (REAL) MODES LATERAL DISF
2.00000E+00 -1.24220E+00 §.42240E+00
2.00000E+00

- (REAL) MODE6 LATERAL SLOFE
=?.16270E-02 0.00000E+00 0.00000E+00
?.16270E-02

- MODE6 TORSION COMF NO
- NO. OF ROTORS 0
- NO. OTHER IMPLCT DOF 0]

- FUSELAGE MASS (LB)
- PITCH MOI AROUT CG {1 .64010E+01
- YAW MOI ABOUT CG 1.64010E+01
- (REAL) MODAL MASS (SLUGS)

1.58430E+01

Figure 5. Example LIST 2 (continued)
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-1 .24220E+00

0.00000E+00

-1 .98400E-01

0.00000E+00

MORE..

1 .16940E+00

0.00000E+00

-{.24220E+00

0.00000E+00

MORE..




4.92030E-01 4.92030E-91 4.92030E-01 4.92030E-01
4.92030E-01 4.92030E-01

48 MD - (REAL) MODAL DAMPING (PCT)
0.00000E+00 ©0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00

49 FREQ - (REAL) MODAL FREQUENCY (HZ)
7.09000E+00 1.95500E+01 J.83300E+01 7.09000E+00
1.95500E+01 3.833J00E+01

P33 36 38 30 3630 30 36 2006 3 30 36 36 36 36 3036 30 30 36 0 3036 38 30 3030 3038 9636 36 36 06 06-06-06 36 36 36 30300696 6 36 38 3030 36 3006 36 36 30 3636 38 36 30 3¢ 3¢

LIST COMPLETE
COMMAND

Figure 5. Example LIST 2 (continued)
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- user must supply a component structure or rotor number to distinguish them
from the degrees of freedom formed by other uses of the same component in the
model. Structure and rotor numbers must be unique in a given model, except in
the cases of rotor control systems and damaged rotors. The component input
(ds/C---) and the force input (ds/F---) for a given model must exist on the
data base before a solution can be performed. Global variables, if any, fol-
low the component/force ds/dm 1ist. Two models are shown in Figures 6 and 7.
The component rotor or structure number is found in the column labeled (NO.).
Note that in the second example, VERT/CFM2 is used 4 times and in the first
example, B2Z1T2/CRE3 and 3000/CCEf have been assigned to rotor 1 and
8300-4/CFM2 has been assigned to structure 1.
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LIST
DATA SET

AHIG-35A

DATA MEMBER

MODEL

AH{G-35A/MODEL ON FILE U4

3 36 36 36 36 J6-36 36 36 2 36 26 36 36 36 26 26 I 26 36 24 26 2 % MODEL AHSIG=35A 3333 66 336 36 36 36 36 3 36 3¢ 3¢ 36 36 3¢ %

AHIG TRIM
INDEX COMP NO. DATA SET FORCE DATA SET
1 CRE3 i B2Z1T2 FRA3 FCT{.65
REQUIRED DS/DM= AFDi1é1 /AIRFOIL
2 CCeo i 3000 NONE
3 CLCH COUFLE NONE
4 CFM2 i 8300-4 FFC2 AHIG16.5

3636 36 36 36 36 3 2 36 36 I e e 36 2 3 36 36 26 36 26 26 36 36 36 36 36 36 36 36 I 6 36 36 I I I I I 6 36 I I 3 36 I I I 36 26 26 36 36 36 I 36 36 6 36 36 26 I I I 3

MORE. .
363636 36 3636 36 36 3636 36 36 28 36 26 36 36 36 38 36 38 36 36 36 36 36 6 36 36 36 6 36 36 36 96 36 36 1636 36 36 38 36 36 36 36 38 363636 36 6 3¢ 36 36 3636 36 36 36 36 1638 26 3 3¢

GLORAL "VARIABLES
f VSOUND - SOUND VELOCITY = {.13800€E+03

2 RHO - AIR DENSITY RATIO = 8.79000E-01
363636 36 36 98 36 36 36 36 363 36 3636 36 3638 336 33636 36 26 36 36 36 1696 36 36 36 36 38 263636 3636 36 36 36 36 36 3636 36 36 36 36 76 36 36 36 34 6 36 36 36 36 36 36 36 36 3¢

LIST COMFLETE
COMMAND

Figure 6. Example Model 1.
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’,
)

LIST

DATA SET

PACOSS1

DATA MEMBER

MODEL

FACOSS{ /MODEL ON FILE U2

336 3 3 J6 36 36 36 I I6 36 I 26 36 36 I 36 IE 3 36 26 6 3 3¢ MODEL PACOSSH W36 6 36 6 6 Fe 36 36 36 6 I 6 I I 36 6 e 3

PACOSS STRUCTURE "SEGMENT 1

INDEX COMF NO. DATA SET FORCE  DATA SET
1 CSF1 HORIZ NONE
2 CFM2 1 VERT NONE
3 CFM2 2 VERT NUNE
4 CFM2 3 VERT NONE
5 CFM2 4 VERT NONE
é cLc2 VERTH{ NONE
K¢ cLc2 VERTZ2 NONE
8 CLC2 VERT3 NONE
MORE..
9 CLC2 VERTA4 NONE
10 CSFi MASS NONE

3636 36 36 36 36 36 36 36 3 36 36 3 2 F 36 JE 36 36 6 I 3 3 26 36 I6 36 6 I I 3 36 I 6 6 6 I 36 I 36 6 36 e 3630 36 I I W 3 I 36 36 6 36 6 3 I I I 36 36 I 3¢ 3 2

P 3636 38 36 3606 36 3636 36 36 36 36 9636 96 36 36 36 36 36 36 36 36 06 36 26 36 36 36 36 36 36 36 36 36 36 2606 36 36 36 36 36 36 36 36 3036 3630 36 36 3606 36 36 36 6 36 96 36 3¢ ¢
GLORAL VARIAELES

NO INFUT REQUIRED
P66 36 0616 36 36 06 36 36 36 36 36 36 36 36 3636 36 36 36 36 36 36 6 36 36 36 06 36 26 96 36 36 6 36 36 36 36 36 36 6 36 36 36 36 6 36 36 36 36 36 36 36 36 36 36 36 36 36 06 36 36 3¢ 96 3¢

LIST COMPLETE
COMMAND

Figure 7. Example Model 2.
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2.2 COMPONENT DATA SETS

Input data for a component is formed using the NEW command or its variations
(new data sets may be input during moqei formu]ation and the addition phase of
model editing) or by editing gn existing component data set. In the examples
which follow, the NEV command  has beeﬁ used to form sample data sets. The
user shpu]d refer directly to paragraph 3.1 of the DYSCO=4.1 User’s . Manual
while reviewing the samp]e‘dialogués.

2.2.1 CEM2 - Fuselage Modal.

2.3.1.1 CEM2 User Notes - The user must supply modes from a separate analysis
and the modes are assumed to be orthogonal but it is not necessary to specify
enough stations to totally define a mode shape. Mode shapes need only be de-
fined such that if moda] interpolation is required (implicit degrees of free-
dom), adequate definition has been made, or the user can'simply define mode
shapes at stations that coincide with implicit degree of freedom locations.

Modes can be obtained from test data, from some outside analysis, or by form-
ulating a finite element quel using DYSCO (CSF1) and pgrfgfming an eigenanal-
ysis of the system. The mode shapes, ffequency, and damping obtained can be
used for the modal representation. There are no limitations on the mode
shapes, except that they be consistent for all modes, and that, if modal
slopes are required (modal coupling), consistency be maintained.

2.2.1.2 CFM2 Sample Inpyt - Inputs for two CFM2 data sets follow. In the
first example, a fuselage with two rigid body modes and one elastic mode is
considered. The elastic mode ic defined in the vertical direction and modal
displacements and slopes are input for five stations.

In the second example, a rigid fuselage with a rotor attached is considered.
Since there are no elastic degrees of freedom, no fuselage stations are
required. The rotor may be rigid or elastic. Only the location and orienta-
tion of the hub degrees of freedom with respect to the fuselage are required.
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NEW
NEW MODEL (Y OR N)
N

COMFONENT, FORCE, OR N

CFM2

DATA SET

REAM

SAVE FILEC(R,Uf,...)
Ui

STRUCTURAL COMFONENT

REGIN INFUT

DESCRIFTION (UF TO 71 CHARACTERS)

MODAL EREAM

REM (Y OR NO
RIGID RODY MODES

ENTER 1 Y OR N VALUE

y .

IXCG (Y OR N)
LONGITUDINAL
ENTER § Y OR N VALUE

IYCG (Y OR N)
LATERAL

ENTER 1 ¥ Ok N VALUE

M

1ZCG (Y (OR N)
VERTICAL

ENTER 4 Y OR.N VALUE

Y

IROLL (Y OR N»
ROLL

ENTER 1 Y OR N VALUE

N

IFTCH (Y OR W)
FITCH

MODAL FUSELAGE

25

MORE. ..

MORE. ..




ENTER § Y OR N VALUE
Y

IYAW (Y OR N)
YAUW

ENTER 1 Y OR N VALUE

N

CG (REAL)

CG STATION (IN)
ENTER 1 REAL VALUE
o

NMODE (INTEGER)
NO. OF ELASTIC MODES
ENTER I INTEGER VALUE(S)

NS (INTEGER)
NO. FUSELAGE STAS
ENTER i INTEGER VALUE(S)

i)

2

X (REAL)

INFUT STATION VALUES
ENTER 5 REAL VALUE(S)
!’

0 120 240 340 480
Ve (Y OR N)
MODE{ VERTICAL COMF
ENTER 4 Y OR N VALUE
Y
74 (REAL )
MODE{ VEKRTICAL DISF
NULL VECTOR (Y OK N)
N
ENTER 5 REAL VALUE(S)
s
§ -2 =4.2 -2

e vy

26

MORE . ..

MORE.. ..




MODEY VERTICAL JLUPE
NULL VECTOR (Y OR N)
N
ENTER 5 REAL VALUE(S)
b ]

-.0f ~.005 0 .005 .0

LC (Y OR N)
MODE{ LATERAL COHE

ENTER 1 Y OR N VALUE

TCH (Y OR N)

MODEY TORSION COMF
ENTER 4 Y OR N VALUE

N
NR (INTEGER)
NO. OF ROTORS
ENTER i INTEGER VALUE(S)
0
NI (INTEGER)

NO. OTHER IMPLCT DOF
ENTER { INTEGER VALUE(S)
o
MASSL (REAL)

FUSELAGE MASS (LK)
ENTER { REAL VALUE
1000
THYF (REAL)

FITCH MOI ABOUT CG
ENTER 1 REAL VALUE
3000
MMS (REAL)

MODAL MASS (SLUGS)
ENTER § REAL VALUE(S)
-y

50
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MOKRE ...

MORE. ..




B

MD (REAL)
MODAL DAMFING (FCT)
ENTER 1 REAL VALUE(S)
%
5
FREQ (REAL)
MODAL FREQUENCY (HZ)
ENTER 1 REAL VALUE(S)
3

10

EREEEEERR R ELLL RN L LR LR AR RN R R LEERRE L EEE RN R AR EF R TR 1o
INFUT FOR STRUCTURAL COMFONENT CFMZ. MUDAL FUSELAGE
i REM - RIGID EBODY MODES = YES
2 IXCG - LONGITUDINAL = NO
3 IYCG - LATERAL = NO
4 I12CG - VERTICAL = YES
5 IROLL - ROLL = NO
4 IFTCH - FITCH = YES
7 IYAW - YAW == NO
MORE. ..
8 CG - CL STATION (IND = §.20000E402
9 NMODE - NO. OF ELASTIC MODES= i
10 NS - NO. FUSELAGE STAS = 5
11 X - (REAL) INFUT STATION VALUES
0.00000E+00 1.20000E+92 2.40000E+02 3.80000E+02
4.80000E+02
12 vCi - MODE{1 VERTICAL COMF = YE&
13 24 - (REAL) MODE{ VERTICAL DISF
1.00000E+00 -2,00000E-0f —1{.20000E+00 -2.00000E-01
1 .00000E+00
14 ZFf§ - (REAL) MODE{ VERTICAL SLOFE
-1 .00000E-02 -5.00000E-03 0.00000E+00 S.00000E-03
1.00000E~-02
13 LCY = MODE{ LATERAL COMF = NO)
16 TCH - MODE1 TORSION COMFP = N{
17 NR ~ NO. OF ROTORS = Q
18 NI = NO. OTHER IMFLCY DUF:= V)
19 MASSL - FUSELAGE MASS (LE) = 3.00000E+03
20 IMYF - FITCH MOI AROUT CG = 3.00000E+03
21 MMS - MODAL MASS (SLUGS) = 5.00000t+01
22 MD - MODAL DAMFING (FCT) = 35.00000E+00
23 FREQ - MODAL FREQUENCY (HZ)= {.00000E+0)

MORE. ..
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3 33 3 3 I I I I I I I I I I I I I I I I KX I I I I I I I I I I I I I I I I I I I I I I I KA I I I I IR E %

RE-ENTER (Y OR N)

N

DATA SET BEAM FOR CFM2 SAVED ON U4
COMFONENT, FORCE. UR N

CFM2

DATA SET

FUSLAT

SAVE FILEC(R,Uf,...)

Ui

STRUCTURAL COMFONENT CFM2 . MODAL FUSELAGE

REGIN INFUT
DESCRIFTION (UF TO 74 CHARACTERS)
RIDID FUSELAGE WITH LATERAL DOF
REM (Y OR N)

RIGID BODY MODES
ENTER 4 Y OR N VALUE

MORE...
Y
IXCG (Y OR N
LONGITUDINAL
ENTER 4 Y OR N VALUE
N
IYCG (Y OR N)
LATERAL
ENTER 4 Y OR N VALUE
4
[2CG (Y OR N)
VERTICAL
ENTER 1t Y OR N VALUE
N
IROLL (Y OR N)
ROLL
ENTER 1 Y OR N VALUE
Y
MORE...

29
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IFTCH (Y OR N)
FITCH
ENTER § Y OR N VALUE

IYAW (Y OR N)
YAW
ENTER 1 Y OR N VALUE

NMODE (INTEGER)
NO. OF ELASTIC MODES
ENTER 4 INTEGER VALUE(S)

NR (INTEGER)
+ NO. OF ROTORS
ENTER § INTEGER VALUE(S)

NROT (INTEGER)
ROTOR NUMERERS

ENTER § INTEGER VALUE(S)

XROT (REAL)

ROTOR STATIONS
ENTER 1 REAL VALUE(S)
2

=LY

ZROT (REAL)

ROTOR VERTICAL HT
ENTER § REAL VALUE(S)
D

54,04
ASF (REAL)

FWD SHAFT ANGLE
ENTER 1 REAL VALUE(S)
%)

ASL (REAL)

30

MORE. ..

MURE . ..




LAT

SHAFT ANGLE

ENTER 1 REAL VALUEC(S)
]

HUR
ENTER 1
N
Iy

HUR
ENTER 4

[

HUR
ENTER 1
N
IaXx

HUR

ENTER 1§
'

HUR
ENTER 1
N
[AaZ

HUE
ENTER 1
N
NI

NO.
ENTER
D

MASSL

(7 OR N)
TRAN DOF ~ LONG
Y OR N VALUE

(Y OR N)
TRAN DOF -~ LAT
Y OR N VALUE

(Y OR N)
TRAN DOF - AXIal
Y OR N VALUE

(Y OR N)

.ANGL. DOF -~ ROLL

Y OR N VALUE

(Y OR N)
ANGL. DOF ~ FITCH
Y OR N VALUE

(Y OR W)
ANGL DOF - YAUW
Y OR N VALUE

(INTEGER)
OTHER IMFLCT DOF
§ INTEGER VALUE(S)

(REAL)

FUSELAGE MASS (LEB)

ENTER 1
¥

REAL VALUE

31

MORE. . .

VM READ




IMXF (REAL)

ROLL MOI SLUG-FT(S®)
ENTER 1 REAL VALUE
b |

7700

e 63696 I I I I I3 I I I I I I I I W I I I W W W I I I I I I e He I N I I I I N F I I WA W W NN NN
INFUT FOR STRUCTURAL COMFONENT CFM2. MODAL FUSELAGE

1 REM = RIGID BODY MUODES = YES

2 IXCG - LONGITUDINAL = NO

3 IYCG - LATERAL = YES

4 IZCG ~ VERTICAL = NO

5 IROLL - ROLL = YES

4 IFTCH - FITCH = NO

7 IYAW - YAW = NO

8 NMODE = NO. OF ELASTIC MODES= 9]

? NR - NO. OF ROTORE = i

19 NROT - ROTOR NUMEERS = -4

11 XROT - ROTOR STATIONS = ~9.90000E+00

12 ZROT - ROTOR VERTICAL HT = H.42400E+01

. MORE. ..

13 ASF - FWD SHAFT ANGLE = 6.00000E+00

14 ASL - LAT SHAFT ANGLE = 4,00000E400

15 IX =~ HUR TRAN DOF - LONG = NO

16 1Y - HUE TRAN DOF - LAT = YES

17 1Z - HUR TRAN DOF - AXIAL= NQ

18 IaAaX - HUBE ANGL DOF - ROLL = YES

19 IAY - HUB ANGL DOF -~ FITCH= NO

20 IAZ - HUE ANGL DOF - YAW = NO

21 NI - NO. OTHER IMFLCT DOF= 0

22 MASSL - FUSELAGE MASS (LR) = 1{1.24340E+04

23 IMXF - ROLL MOI SLUG-FT(SR)= 7.79000E+03

X e e e U e W e e e F N e W NN W MWW W W NN T WK AR EFEFTLAEANEELIFERNEEERTETE R

RE-ENTER (Y OR N)

N

DATA SET FUSLAT  FOR CFM2 SAVED ON U{
COMFONENT, FORCE, OR N

N

COMMAND
VM READ
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2.2.2 CRR2 - Rotor, Rigid Blades.

2.2.2.1 CRR r N - Rotor system analyses which include rotors with
rigid blades should generally be limited to trim and performance estimates.
Limited damage assessment and some stability analyses, such as ground reson-
ance modeling, can also be performed.

2.2.2.2 CRR2 Sample Input - Input is shown for a CRR2 data set which could be

used in a limited ground resonance analysis. Degrees of freedom have been
chosen so that motion is confined to the lateral direction.

3




NEW

NEW MODEL (Y OR N)

N

COMFONENT, FORCE, OR N
CRR2

DATA SET

ROTLAT

SAVE FILE(R,Uf,...0

Ui

ROTOR COMFONENT CRR2 . ROTOR RIGID ELADES

BEGIN INFUT
DESCRIFTION (UF TO 71 CHARACTERS)
RIGID ROTOR WITH LATERAL DOF
IRETA (Y OR N)
RLADE FLAFPING DOF
¥ K X K K K K OE R XK N X K ¥ X K X X K X X K ¥ X K K ¥ ¥ N X X £¥

* *

¥ BLADE MUST HAVE AT LEAST ONE OF FLAF, LAG OR FITCH DOF ¥
MORE. ..

* *

¥R K XK X XK K K X K X X ¥ X F X X X X N X X ¥ N X XK ¥ A X X ¥ XX
ENTER § Y OR N VALUE

TZETA (Y OR N)
BLADE LAG DOF
ENTER 1 Y OR N VALUE

Y

ITHET (Y OR N)
BLADE FITCH DOF

ENTER 1 Y OR N VALUE

oo st e stan

IX (Y OR N)
HUB TRAN DOF - LONG
ENTER 4 Y OR N VALUE

1Y (Y OR N)
HUER TRAN DOF - LAT
MUF.\.E LI 3
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ENTER { Y OR N VALUE -
Y
17 (Y OR N)
HUE TRAN DOF - AXIAL
ENTER 4 Y OR N VALUE
N
IAX (Y OR N)
HUE ANGL DOF - ROLL
ENTER 4 Y OR N VALUE
Y
IAY (Y OR N)
HUE ANGL DOF - FITCH
ENTER 1 Y OR N VALUE
N
14Z Y OR N)
HUE ANGL DUF ~ YAW
ENTER 1 Y OR N VALUE
N
NE (INTEGER)
NUMEER OF BLADES
ENTER f INTEGER VALUE(S)
4
k (REAL)
ROTOR RADIUS
ENTER § KEAL VALUE
a2
283 .45
RFH (REAL)
ROTOR RFM
ENTER 1 REAL VALUE
o
309.4
ic (INTEGER)

ROTOR ROTATION
-4 IS CLOCKWISE; +1 I§

ENTER

i INTEGER VALUE(S)

CNTRCLOCKWISE

35

HORE. e &

MORE . ..




FSI (REAL) g
AZIMUTH OF REF ELADE
AZIMUTH OF REFERENCE BLADE AT T = ©

ENTER § REAL VALUE

E1 (REAL) { 3
HINGE OFFSET

ENTER 1 REAL VALUE

. _

CZETA (REAL)

LAG DAMFER VALUE
ENTER 1 REAL VALUE
2

KZETA (REAL)

LAG SFRING STIFFNSS
ENTER 1 REAL VALUE

)

MHUE (REAL)
HUR MASS
ENTER 1 REAL VALUE

THUEX (REAL)

HUE MOI - REF EBLADE

MOMENT OF INERTIA ABOUT REFERENCE BLADE aAXI1S
ENTER ¢ REAL VYalL.UE
o

ITHURY (REAL)

HUE MOI - PERFENDCLK

MOMENT OF INERTIA ABOUT PERPENDICULAR AXIS
ENTER 1 REAL VALUE

36

MORE. ..

MORE ...



o - -

THO (REAL)

ROOT FITCH ANGLE
ENTER 1 REAL VALUE
b

UR (Y OR N)
UNIFORM ELADE
ENTER 14 Y OR N VALUE
Y
UME (REAL)
BRLADE MASS/UNIT LNTH
ENTER 1 REAL VALUE

)

. 78623
UITH (REAL)
TOTAL FEATHERING MOI
MORE . . .
ENTEK 1 REAL VALUE
J;)
0
uCG (REAL)
C G OFFSET
+ VALUE IS5 FWD; - IS AFT
ENTER 1 REAL VALUE
9
0
UTHX (REAL)
TOTAL BUILT-IN TWIST
- VALUE = NOSE DOWN; + VALUE = UF
ENTER § REAL VALUE
5 ,
)
NX (INTEGER)
NO. OF BLADE STAS.
ENTER 1 INTEGER VALUE(S)
10

I ﬁL)REA .
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3363436 3 336 38 96 J6 36 3 6363 2 I3 3 3 AW I H NI I NI I NI I I RN NN
INFUT FOR

—
SN LCNOU DO~

20
21

22
22
24
25
26
27

IRETA
IZETA
ITHET
IX
Ly

1z
Iax
Iay
Iaz
NE

R

REM
IC
FSI
Ef
CZETA
KZETA
MHUR
THUEX

IHURY
THO
UR
UME
UITH
uce
UTHX
NX

i

ROTOR

BLADE FLAFFING DOF =
BLADE LAG DOF =
BLADE FITCH DOF =

HUE TRaN DOF - LONG =
HUB TRaN DUF -~ LAT =
HUE TRAN DOF - AXIAL=
HUR ANGL DOF - RULL =
HUE ANGL DOF - FITCH=
HUER ANGL DOF - YAW =

NUMRER OF RLADES =

ROTOR RADIUS =
KOTOR RPM =
ROTOR ROTATION =
AZIMUTH OF REF BLADE=
HINGE OFFSET =

LAG DAMFER VALUE =
LAG  IFRING STIFFNSS=
HUR MASS 7
HUE MOI ~ REF EBLADE =

HUER MOI - PERFENDCLR=
ROOT FITCH ANGLE =
UNIFORM BLADE =
BLADE MASS/UNIT LNTH=
TOTALL FEATHERING MO[=
C G OFFSET =
TOTAL RUILT-IN TWIST==
NO. OF BLADE STAS. =

COMPONENT CRR2. ROTOR RIGID EBLADEY

NO
YES
ND
NO
WES
NO
YES
NO)
NO
4
2.83450E+02
3.09400E+02
1
0.00000E+00
8.25000E+00
6.28000E+02
1.06272E+04
6.00620E+02
0.00000E+00

0.00CIE+00
0.00000E+00
YES
T.86230E~01
0.00000E+00
0.00000E+00
0.00000E+00
j0O

MORE.. ..

Ao e e T e e 3 2 I 3 I I I H I I I K I I IE I I I I I IE I I I I I I I I I I I I I I I IE N 6 I 3 I I6 I W I W N e W 3 I N AKX N

RE-ENTER

M

DATA SET ROTLAT

(Y OR N

FOR CRR2 SAVED ON U1

COMFONENT,- FORCE, OR N

M

COMMAND
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2.2.3 CRE3 - Rotor, Elastic Blades.

2.2.3.1 CRE3 User Notes - The user should carefully review the Theoretical
Manual and the User’s Manual prior to formulating an elastic rotor simulation
using CRE3.

CRE3 can be substituted into any rotor system analysis using CRR2 and can' be
used in conjunction with CRD3 to perform detailed rotor blade damage assess-
ments. In addition, the user can set "switches" which will allow time history
blade moments to be calculated (SII3).

2.2.3.2 CRE3 Sample Input - Input is shown for a CRE3 data set which could be
used in a limited ground. resonance analysis. Degrees of freedom have been
chosen so that motion is confined to the lateral direction, and one rigid and
one elastic in-plane blade degree of freedom have been input. Note that even
though only in-plane blade degrees of freedom have been specified, in-plane
and out-of-plane stiffnesses are required due to in-plane, out-of-plane coup-
ling and, as a result, in-ﬁlpne and out-of-plane moments are generated.
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NEW

NEW MODEL (Y OR N)

N

COMFONENT, FORCE, OR N
CRE3

DATA SET

FOTLAT

SAVE FILE(R,Uf,...)

U

HOTOR COMPONENT CRE3 . ROTOR ELASTIC BLADES

BEGIN INFUT
DESCRIFTION (UF TO 71 CHARACTERS)
ELASTIC ROTOR WITH LATERAL DOF
JV (Y OR N)

INFLANE DOF
ENTER 1 Y OR N VALUE
Y

Ju (Y OR N)
OUTFLANE DOF

ENTER 1 Y OR N VALUE

JE (Y OR N)
TORSION DOF
ENTER 1 Y OR N VALUE

N

A8 (Y OR M)
SHAFT FERTURERED DOF

EHTER 1 Y OR N VALUE

td

JX (Y OR NO
XHUBCLONG) DOF

ENTER 1 Y OR N VALUE

£

JY (Y OR N)
YHUBC(LAT) DOF

40

MORE . . .

MURE. ..




ENTER § Y OR N VALUE

- o en e

JZ (Y OR N)
ZHUB(AXIAL) DOF

ENTER 1 Y OR N VALUE
N

JAX (Y OR N)

ALFX(ROLL) DOF
ENTER 1 Y OR N VALUE
Y

JAY (Y OR N)
ALFY(FTCH) DOF
ENTER 1 Y OR N VALUE

o mos ge caen mae

JAZ (Y OR N)
ALFZ(YAW) DOF
ENTER 1 Y OR N VALUE

MORE. ..

NV (INTEGER)
NO. OF INFLANE MODES
ENTER 1 INTEGER VALUE(S)

N . (INTEGER)
NO. UF BRLADES
ENTER t INTEGER VALUE(S)
NX (INTEGER)
NO. OF STATIONS
ENTER i INTEGER VALUE(S)
20
ITYP (INTEGER)
MODE INFPUT ¢ OR 2
t = MODE SHAFE INFUT BY USER2 = MODE SHAFE GENERATED AUTUMATICAL
LY BASED ON UNIFORM NONROTATING EREAM

ENTEFR 1 INTEGER VALUE(S)
i

L 1Y

MORE. ..
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- - oo e

X (REAL)
STATIONS

ENTER 20 REAL VALUE(S)

]

0 B A0 5. M 5208 42,9 B2.7 101.7 121.5 138.6

2

iSO.S 163.7 178.2 191.4 205,45 218.35 231.25 245.5 257.4 264

NIF (INTEGER)
INFLANE HINGE STA

ENTER 1 INTEGER VALULE(S)

1

VFF (REAL)
2ND DERIVATIVE OF IF
MODES

TYPE MATRIX .
{O=NULL), (3=GENERAL)
3 é
INFUT RY ROWS OR COLUMNS (R OR C)
. MORE. ..
C
OFTION TO SPECIFY NULL COLUMNS <Y OR N)
Y
NULL COL 1 (Y OR N)
Y
NULL COL 2 (Y OR N»
N
FREFARE TO ENTER COL 2
ENTER 20 REAL VALUES

3

3.64855-5 ?.2447E~3 1.5321E-5 1.4412E-5 1..4412E--5 2.5838E-5 2.2203E-Y

)

1, 7948E-5 1.61E=5 {.3763E-5 1.2335E-5 1.0257E-5 B8.6994E-6 7.0115E~6
)
4.6743E-6 2.8565E-6 1.5581E-6 5.1936E-7 0 0
VF (REAL)

15T DERIVATIVE OF [F

MODES
TYFE MATRIX
(0=NULL), (3=GENERAL)
3

MOKE . . .
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INPUT RY ROWS OR COLUMNS (R OR C)

c ,

OPTION TO SFECIFY NULL COLUMNS (Y OR N)
N

FREFARE TO ENTER COL f

ENTER 20 REAL VALUES

2

3.7878E-3 3.7878E-3 3.7878E-3 3,7878E-3 3.7879E-3 3.7878E-3 3.7878E-3
2
3.7878E-3 3.7878E~3 3.7878E-3 3.7878E-3 3.7878E-3 3.7878E-3 3,7878E~13
)

3.7878E-3 3.7878E~-3 3.7878E~3 3.7878E-~3 3.7878E-3 3.7878E-3
FREFARE TU ENTER COL 2

ENTER 20 REAL VALUES

L)

0 9.67E-4 2.5835E-3 2.4993E-3 2.6995E~3 2.9027E-3 3.3I7B3E-3 3.7595E-3
"_")

4.0963E-3 4,.3516E~-3 4.5069E~3 4.656E~-3 4.7934E-~3 4,9971E~-3 4,9775E-3
i

D.0272E-3 5.0556E~3 $5.0705E~3 35.073I5E~3 5.37HE-3

vV (REAL)
MORE. ..
INFLANE MODE SHAFES
TYFE MATRIX
{0=NULL), (3=GENERAL)
3 :
INFUT BY ROWS OR COLUMNS (R OR ©)
C
UFTION TO SPECIFY NULL COLUMNS (Y UR N)
N :
FREFARE TO ENTER COL 4
ENTER 20 REAL VALUES
R}
9 L05681 17045 .2 2001 .2382 ,.31325 .3852 .4602 .525 .57 .62 .675
2
L2577 L8274 .8759 .93 .975 4
FREFARE TO ENTER COL 2
ENTER 20 REAL VALUES
5 :
D .007252 .06051 .08108 .08111 .1094 .17159 .2394 .3171 .3894 .442%
”

L5025 L5711 .635 .703 .7689 .834 JF061 (95665 A

C1FF (REAL)
MOREA L )
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IF MODAL DAMFING
(LEBF-SEC/1IN)
NULL VECTOR (v OR N2

L (INTEGER)

NO. OF IMFLICIT DOFS
ENTER t INTEGER VALUE(S)
V]
wIP (REAL)

IF SPRING RATE

(IN-LEF/DEG)

ENTER 1 REAL VALUE
-

o
CIF (REAL)
IF DAMFING RATE
( IN-LEF~SEC/DEG)
ENTER 1 REAL VALUE
?

0

oM (REAL)
RFM

ENTER 1 REAL VALUE

?

324

IC (INTEGER)

ROTATION DIRECTION

1 = COUNTERCLOCKWISE -1
ENTER 1 INTEGER VALUEC(S)
|
F3IO (REAL)

AZIMUTH OF REF RLADE

AT T=0 (DEG)
ENTER 1 REAL VALUE
r

]

MHUR (REAL)

CLOCKWISE
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MORE. ..

MORE. ..




HUR WEIGHT (LR)
ENTER 1 REAL VALUE

ITHUEX (REAL)
HUR M.0.I. ABROUT X-
AXIS(LB-~IN#*%2)
ENTER § REAL VALUE
2

THO (REAL)

ROOT FTCH ANG (DEG)
ENTER 1 REAL VALUE
2

195

NONLIN (Y OR N)
NONLIN TERMS

ENTER 1 Y OR N VALUE

Iu (Y OR N)
UNIFORM BLADE
ENTER 1 Y OR N VALUE

N

M (REAL)
MASS FER UNIT LENGTH
(LEB/IN)

NULL VECTOR (Y OR N)

N

ENTER 20 REAL VALUE(S)
2

MORE. ..

5.7834 5.7834 9.26 5.26 .89 .89 .82 .8446 .79V 726 .87% 1.099

~

1,063 $.039 1.26 §.186 1.266 1.489 1.16 1.16

SE (REAL)
CG OFFSET FROM EA
(IN)
NULL VECTOR (Y OR N)
Y
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SEA (REAL)
AREA CENTROID OFFSET
FROM EA (+ FWD EA) (IN)
NULL VECTOR (Y OR N)
Y
K1 (REAL)
MASS ROG AEOUT
LOCAL CHORDWISE AXIS IN BEAMWISE DIRECTION (IN)
NULL. VECTOR (Y OR N)
v
KM2 (REAL)
MASS ROG AROUT
LOCAL BEAMWISE AX1S IN CHOKRDWISE DIRECTION (IN)
NULL VECTOR (Y OR N) '
7

KA (REAL)
AREA ROG OF CROSS

SECTION ¢IN)
NULL VECTOR (Y OR N)

THF (REAL)
FRETWIST RATE DEG/IN
NULL VECTOR <Y OR N)
N
ENTER 20 REAL VALUEC(S)
=

-.04 .04 -.04 ~.04 ~.04 -.04 -.04 ~.04 ~.04 ~.04

=)

~.04 ~.04 ~,08 ~.08 ~.04 ~.04 ~.04 ~.04 ~.04 .04
EIY (REAL) :
CHORDWISE EIx{i0E-6
 (LEF%IN%%2)
NULL VECTOR (Y OR N)
N

ENTER 20 REAL VALUE(S)

R

5000 5000 5000 5000 4240 4240 4150 4290 38209 3400
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o)

3390 3255 2910 2650 2650 2650 2655 2800 690 2670

EXIZ (REAL)
BEAMWISE EI*{0E-6
(LBF*IN®%2)

NULL VECTOR (Y OR N)

N

ENTER 20 REAL VALUE(S)

2

i80 180 300 300 89.5 89.5 58 53 446 40
e

40 41 41 39.6 39.5 42 42.4 42.4 38 38

EA (REAL)
SECTION EA*{OE-6
(LEF)

NULL VECTOR (Y OR N)

JIL (Y OR N)
INTERNAL LOADS

ENTER 1 Y OR N VALUE
Y

NXIL (INTEGER)
NO. OF STATIONS
ENTER t INTEGER VALUE(S)
=
INDIL (INTEGER)
STATION INDICES
ENTER S INTEGER VALUE(S)
12345
JLIPIL (Y OR N)
INFLANE MOMENTS
ENTER 1 Y OR N VALUE
Y
JOFIL (Y OR N)
QUTPFILANE MOMENTS
ENTER 1 Y OR N VALUE
Y
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FE T I IEIEIEIE U FIE I I IO IO I I I I I I DI TEIETE T I I J I I I TN NN N

INFUT FOR ROTOK COMFONENT CRE3. ROTOR ELASTIC BLADES
t JV - INFLANE DOF = YES
2 I - OUTFLANE DOF = NO
3 JF ' - TORSIUN DOF = NO
4 JS - SHAFT PERTURBED DOF = NO
5 JX = XHURC(LONG) DUOF = NO
6 Jy - YHUB(LAT) DOF = YES
¥ Iz - ZHUB(AXIAL) DOF = NO
8 JaXx - ALFX(ROLL) DOF = YES
? JAY - ALFY(FTCH) DOF = NO
10 JAZ - ALFZ(YAW) DOF = NO
i1 NV - NO. OF INFLANE MODES= 2
12 NE -.NO. OF BLADES = 4
13 NX - NO. OF STATIONS = 20
i4 ITYF - MODE INPUT {4 OR 2 = 1
i5 X - (REAL) STATIONS
0.00000E+00 {.50000E+01 4,.50000E+01 5.27900E+01
S.28000E+01 6.29000E+01 8.27000E+01 1.01700E+62
1.21500E402 {1.38400E+02 1.50500E+02 1{.63700E+02
1.78200E+02 {.91400E+02 2.05150E+402 2.18350E+02
MORE. ..
2.31250E+02  2.45500E+02 2.57400E402 2.64000E+02
16 NIF = INPLANE HINGE S$TaA = i
¥ VFF - (REAL) 2ND DERIVATIVE OF IP
GENERAL MATRIX
ROW i
0.00000E+00 3.64850E-095
ROW 7 S
0.00000E+00 9.24470E-05%
ROW 3
0.00000E+00 1.53210E-05
ROW 4 '
0.00000E+00 1.44120E-05
ROW o
0.00000E+00 1.44120E-05
ROW 6
0.00000E+00 2.58380E-05
ROW 7
0.00000E4+00 2.22030L-05
ROW 8
0.00000E+00 {.79180E-05
ROW 9
MORE. ..
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18

ROMW

ROW

ROW

ROW
ROW
ROW
ROW
ROW
ROW
ROW

ROW
VF

ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW

ROW

?60000°E+00
0.00000E+00
11
0.00000E+00
2
0.00000E+00
i3
0.00000E+00
i4
0.00000E+00
15
0.00000E+00
ié6
0.00000E+00
§i7
0.00000E+00
ig
0.00000E+00
19 NULL
20 NULL

- (REAL) 15T DERIVATIVE OF IF

§ 610608 -05
1.37630E-05

. 23350E-05
1.02570E-05
8. 69940E-06
7.01150E-06
4.67430E-06
2. 85650E-06
§ .55810E-06
5.19360E-07

ROW
ROW

GENERAL MATRIX

3;78?80E—03
3?78780E—03
3??8780E-03
3?78780E-03
3?78780E-03
3??8780E—03
3?78780E—03
3?78780E"03
3?78780E—03
10

3.78780E~-03

0.00000E+00
?.67000E-04
2.58350E-03
2.69930E-03
2.69950E-03
2.902760E-03
3.37830E~-03
3.75950E-03
4.09630E-03

4.35160E~-03
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i9

ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW

ROW
ROW

ROW
ROW
ROW
FOW
ROW
ROW
ROW
ROW

"ROW

i1
3.78780E-0Z
12
3.78780E~-03
13
3.78780E-03
i4
3.78780E-03
15
3.78780E-03
16
3.78780E~04
i7 A
3.78780E-03
18
3.78780E-03
i9
3.78780E-03
20
3.78780E-03

4.30690E-03
4.65600E-03
4.79340E-03
4.997108-03
4.97750E~-03
5.02720t-03
5.05560E-03
5.07050E~-03
5.07350E~-03

5.37500E-03

- (REAL) INFLANE MODE
GENERAL MATRIX

i NULL ROW

2 .
5.48100E-02
3
1.70450E-01
4
2.00000E-01
5
2.00100E-01
3
2.38200E-01
7
JAZ250E-04
8
85200E-01
Q
LH0200E-01
10

3
3
4

5.70000E-01

T 25200E-03
6.05100E-02
8.10800E-02
8.11100E-02
1 .09400E-01
1.71590E-01
2.39400E-01
3.47100E-01
2.89400E-01

4.42400E-01

SHAFES
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20
21

22

23

24
25
26
27
28
29
30
34
32

33

ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
CIFF
NI

KIF
CIF

oM

IC
FSIO
MHUR
THUERX
THO
NONLIN
v

M

SE

12
6.20000E~01
13
6.75000E~01
14
7.25000E~-01
15 .
7.77000E~01
16
8.27100E-01
17
8.75900E~-01
18
?.30000E~01
19
?.75000E~-01
20

1 .00000E+00

€ .02500E-01
5.71100E-01
&.35000E-01
7.03000E-01
7.68900E-01
8.34000E-01
9.06100E-01
9.66500E-01
1.00000E+00

~ IF MODAL DAMFING

IMPLICIT DOFS

- IF SPRING RATE
- IF DAMFPING RATE

- RFM

~ ROTATION DIRECTION

- AZIMUTH OF REF RLADE

= HUR MWEIGHT (LB)

B3 HUB ".00 Il

AROUT X-

- ROOT FTCH ANG (DEG)

. 78340E+00

NONLIN TERMS
UNIFORM BLADE
(REAL) MASS PER UNIT LENGTH

5.78340E+00 5.26000E+00

L

#Bon N iR RN

+70000E~-0O1
JPTO00E-01
s06300E+00
« 26600E4+00
(REAL) CG
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0

NPT !

+00000E+00

8.90000E-01
7.26000E~-01
1.03900E+90
1.18900E+00

0.00000E+00

o
0.00000E+00
0.00000E+00

3.24000E+02
1
0.00000E+00
0.00000E+00
0.00000E+00
1 .50000E+01

NO

NO

8.20000E-01
8.75000E~01
1 .26000E+00
1.16000E+00

OFFSET FROM EA

0.00000E+00
0.00000E+00
0.90000E+00
0.00000E+00
0.00000E+00

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

(REAL) AREA CENTROID OFFSET
0.00000E+00 0.00000E+00 0.00000E+00Q

LN
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0.00000E+00

MURE - A..

5.26000E+00
8.44600E--01
1.09800E+00
1.18B600E+00
1.16000E+00

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

0.00000E+00

MORE., ..




35

38

37

38

39

40

44

KM

KM2

KA

THF.

EXY

Ei1Z

EA

0.00000E+00 O.00000E+00 0,00000E+00-
0.00000E+00 0.00000E+00 0.00000E+00
0.00022E+20 D, 00000E+0Q 9.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00
- (REAL) MASY ROG ABOUT
0.00000E+00 0.00000E+00 0.90000E+0Q0
0.00000E+00 ©.00000E+00 0.00000E+00
0.00000E+00: 0.00000E+00- 0.00000E+00.
0.00000E+00 0.00000E+00 0.00000E+00:
"0.00000E+00  0.00000E+00 0.00000E+00
-~ (REAL) MASS ROG ARQUT
0.00000E+D0 Q.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+Q00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00. 0.,00000E+00
- (REAL) AREA ROG OF CROSS
0.00000E+00. 0.00000E+00  0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.,.00000E+00 0.00000E+00
0.00000E+00. 0.00000E+00- 0.000Q0E+00
0.00000E+00 0.00000E+00. 0.00000E+00
- (REAL) FRETWIST RATE DEG/IN-
~4,00000E~02 -4.00000E-02 -4, 00000E-02
~4.,00000E~02 ~-4.00000E-02 ~4.00000E-02
~4,00000E~02 -4.00000E-02 -4.00000E-02
~4,00000E-02 —4.00000E-02 -4.00000E~02
~4,00000E-02 -4,00000E-02 -4.,00000E-02
~ (REAL) CHORDUWISE EI*{0E-6
3.00000E+03 5.00000E+03 5.00000E+03
4.24000E+03  4.24000E+03 4.15000E+03.
3.82000E+03 3.50000E+03 3.39000E+03
2.91000E+03 2.465000E+03 2.65000LE+03
2.65500E+03. 2.66000E+03 2.89000E+03
- (REAL) BEAMWISE EI*{0E~-6
{.80000E+02 1.80000E+02 3,.00000L+02
"B.953000E+01  B.95000E+01 S5.80000E+04
4.60000E+01 4.00000E+01 4.00000E+01
4,.10000E+01 3.96000E+01 3.95000E+01
4,.24000E+01 A4.24000E+01 3.80000L+01
- (REAL) SECTION EA*{0E-6
0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00
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0.00000E+00
0.00000E+00
G.0G000E+00
0.00000E+00

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

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

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

MORE. ..

~4,00000E~02
~4,00000E~-02
-4 ,00000E-02
~4.90000E~02
~4.,00000E~02

5.00000E+03
4.29000E+03
J.25500E+03
2.85000E+03
2.69000E+03

3.00000E+02
5.30000E+01
4.,10000E+O1
4.20000E+01
3.80000E+01

0. 00000E +00
0.00000E+00
0.00000E+00

MORE ...




0.00000E+00 0 .00000E+Q0 ©O.000VQE+00 O _.0QVQVE+QO
0.00000L+0Y  0.0D000E+00 0.00000E+00 O.00009E+00

32 - JIL. - INTERMAL LOADS = YES
43 NXIL - NO. OF STATIONS = >
44 INDIL - STATION INDICES
i 2 3 4 5
45 JIPIL = INFLANE MUMENTS = YES
46 JOFPIL = DUTFLANE MOMENTS = YES

363636 36 3 36 36 JE 3 3 36 3 36 3 JE I 3 26 36 3 I 3 36 3 3 3 3 3 3 3 3 36 J 3 36 3 36 36 I 6 I 36 3 3 36 3 3 3 36 36 3 3 3 3 I 3 3 3 3 36 3 3 3 3¢ X A

RE-ENTER (Y OR N)

N

DATA SET ROTLAT FOR CRE3 SAVED ON Ut
COMFONENT, FORCE, OR N

N

COMMAND

VM READ
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2.2.4 CCEl - Control System, Elastic Rods.

2. 2 4.1 Mgtg_g - During model formulation, CCEl must follow the
rotor with which it is to be coupled. Control rod degrees of freedom are
defined with reSpect to the rotating coordinate system of the rotor, and
swashpl ate degrees of freedom are defined with respect to the fixed coordinate
system of the rotor hub The number of control rods is equal to the number of
blades and all control rods have identical characteristics. However, CSF1 can
be used to add or subtract stiffness or danping from a rod or rods resulting
in nonidentical control rods. Also note that a control rod is. equivalent to a
pitch bearing spring or damper.

2.2.4.2 CCE] Sample Input -
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NEW

NEW MODEL (Y OR N»

N :

COMFPONENT, FORCE, UR N
CCE?

DATA SET

CONROD

YAVE FILE(KR,Uf,...)

uf

CONTROL SYSTEM COMFONENT CCE1 . CONTRUL KODS

REGIN INFUT
DESCRIFTION (UF TO 71 CHARACTERS)
ROTOR CONTROL SYSTEM
MSF (REAL)
SWASH FLATE MASS
(LEB)
ENTER 1 REAL VALUE
A

20
ISF (REAL)
MUI ABOUT DIAMETER
(LE-IN S@)
ENTER 1 REAL VALUE
= :

2000

CSCOL (REAL)
COLLECTIVE DAMFING
(LE~-SEC/IN)

"ENTER 1 REAL VALUE

I:’ .

100

cscye (REAL)
CYCLIC DAMFING
(LE~SEC~-IN/DEG)

ENTER § REAL VALUE

o

§0

55

SWASHPLATE

MORE. ..

MORE...




KSCOL (REAL)
COLLECTIVE STIFFNESS
(LB/IN)

ENTER 1 REAL VALUE

2

KSCYC (REAL)
CYCLIC STIFFNESS
(LB-IN/DEG)

ENTER 1 REAL VALUE

"

LROD (REAL)
AXIS-CONTRL ROD DIST
CIND

ENTER 1 REAL VALUE

';)

10

CROD (REAL)

© CONTROL ROD DAMPING

(LE-SEC/IN)
ENTER 1 REAL VALUE
?

KROD (REAL)
CONTRL ROD STIFFNESS
(LE/IN)

ENTER 1 REAL VALUE

)

1000

MORE. ..

P06 06 06 06 0636 06 36 3696 36 36 36 36 36 36 36 36 6 36 36 2636 96 06 06 36 06 06 0696 06 06 26 96 36 06 96 06 6 06 06 96 3006 36 36 36 36 06 36 36 36 6 36 1 06 06 06 6 0 06 06 00 ¢
INFUT FOR CONTROL SYSTEM COMFONENT

i MSP - SWASH FLATE MASS

2 ISF - MOI ABOUT DIAMETER

3 CSCOoL - COLLECTIVE DAMPING

4 CSCYC ~ CYCLIC DAMFING

5 KSCOL - COLLECTIVE STIFFNESS
6 KSCYC = CYCLIC STIFFNESS

56

COEY .

2.00000E+01
2.00000L+03
1.00000E+02
1 .00000E+01
1 .00000E+03
1.00000L+02

CONTHOL RODS SWASHFLATE

MORE.. ..




7 LROD = AXIS-CUNTRL ROD DIST= 1.00000E+01
8 CROD ~ CONTROL ROD DAMPING = 1.00000E+02
9 KROD ~ CONTRL ROD STIFFNESS= {.00000E+04
NI I T IEIE I I I 0606 U6 I I T I I IEIE I IEIE RN

RE-ENTER (Y OR N)
N 3

DATA SET CONROD FOR CCE{Y SAVED ON U{

COMPONENT, FORCE, OR N
N

COMMAND 3
VM READ -
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2.2.5 CCE® - Control System, Elastic Rods.
2.2.5.1 CCEP User Notes - CCEF is a simplified version of CCEl. The only

input is control rod stiffness. During model formulation, CCE@ must follow
the rotor system with which it is coupled.

2.2.5.1 (CCEP Sample Inpyt -
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NEW

NEW MODEL (Y OR N)

N 5 r
COMFONENT, FORCE, OR W
CCED

DATA SET

CONROD

SAVE FILE(R,U1,...)

Ui

CONTROL SYSTEM COMPONENT CCEO . CONTROL RODS

EEGIN INFUT
DESCRIFTION (UF TO 71 CHARACTERS)
ROTOR CONTROL SYSTEM
KFrOD (REAL)
CONTRL ROD STIFFNESS
(LE/IN)
ENTER 1 REAL VALUE
D |

MORE. ..
1900
DI U I 036 06T I I 060N I I I I I 06T I I I I I I I IEIE I 6B I I I I U636 96 326 3696 6 I 3 I 36 96 9 I3 I 20 N
INFUT FOR CONTROL SYSTEM COMPONENT CCEO. CONTROL RODS

{1 KROD -~ CONTRL ROD STIFFNESS= 1{.00000E+03
B9 063030 3696 6 9636 360636 36 9696 3696 30 9696 36 3636 36 9636 3696369636 36 963636 969696 96 36 96 9636 9696 96 9636 96 96 36 36 3636 96 963 36 96 36 36 96 6 9696 3 66

RE-ENTER (Y OR N)
N
DATA SET CONROD FOR CCEO SAVED ON uf
COMFONENT, FORCE, OR N
¢
COMMAND
VM READ
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2.2.6 CSF1 - Strycture, Finite Element.

2.2.6.1 CSF] User Notes - CSF1 can be used to input constant coefficients for
any set of equations of motion of the form

MK + CX + KX = F

If a CSF1 data set is used aloné in a model or if a model contains only CSF1
data sets and if the degrees of freedom are expressed in consistent units,
those units can be purely arbitrary. However, when combined with other types
of data sets, CSF1 data sets must be defined so that consistency is main-
tained. Typical mass, daﬁbing, stiffness, force, and moment units have been
noted with the input prompts shown for CSF1 in the User’s Manual, but any set
of consistent units can be used.

2.2.6.2 (CSF] Sample Input - Input for the spring-mass-dampér system with con-
stant applied force, shown in Figure 8, follows.

oy bl e e

Figure 8. Spring-Mass-Damper System.
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NEW

NEW MODEL (Y OR N)

N

COMFONENT, FORCE, OR N
CSFY

LDATA SET

SMD

SAVE FILE(R,Ut,...)

Ut

COMPONENT CSFt. FINITE ELEMENT

REGIN INFUT
DESCRIFTION (UF TO 71 CHARACTERS)
SFRING-MASS-DAMFER SYSTEM
NCDF (INTEGER)D
NUMBRER OF DOF
ENTER 1 INTEGER VALUE(S)
3

MORE ...
CDFL.Y {DOF)
DOF NAMES
ENTER 3 DOF VALUES (A4,14) ONE FPER LINE

£

x>

)
&

3
M (REAL)
MASS MATRIX
TYFE MATRIX
CO=NULL)Y, (1=DIAGONAL), (2=SYMMETRIC), (3=GENERAL)
i
INFUT 3 DIAGONAL REAL VALUES

[

RS
(K 1H (REAL)
DAMFING MATRIX
TYFE MATRIX
(O=NULL), (1=DIAGONAL), (2=SYMMETRIC), (3=GENERAL)

','!
FREFARE TO ENTER ROW 1
MOKE . . .
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ENTER i REAL VALUES
”

3
FREFARE T0O ENTER ROW 2
ENTER 2 REAL VAILUES

B

-2 5

FREFARE TO ENTER ROW 3
ENTER 3 REAL VALUES

5

0 ~3 7

Ok (REAL)

STIFFNESS MATRIX
FYFE MATRIX
LO=NULL), (1=DIAGONAL), (2=SYMMETRIC), (3=GENERAL)
o

FREFARE TO ENTER ROW A
ENTER i REAL VALUES
&

20
FREFARE TO ENTER ROW 2
MORE . . .
ENTER 2 REAL VALUES
%

~-20 50

FREFARE TO ENTER ROW 3
ENTER 3 REAL VaAlLUES

o7

9 -30 70
CF (REAL)
FORCE VECTOR
NULL. VECTOR (Y OR N)
£
LENTER 3 REAL VALUECS)
o :

00 f ~
222 X2 EXLELEILELEILEIZLXEIEEZIZSTISSILETIFILIIIZIZISEEILSELIS LI LT IL S LR LE X ER E
INFUT FOR COMFONENT CSFi. FINLTE ELEMENT

1 NCDF = NUMRBER O+ DOF = 3
2 CDFLI = (DOF) DUF NAMES
X 1000 X 2000 X 3000
3 CM - (REAL) MASS MATRIX
MORE. ..
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DIAGONAL MatR{x (DIAGUNAL Valuky FEINIED)
§.00000E+00 2.00000E+00 3.00000E+00
4 CC - (REAL) DAMFING MATRIX
SYMMETRIC MATRIX (LCWER TRIANGLE FRINTED)

ROW §
J.00000E+00
ROW 3
=2.00000E+00 S,00000E+00
ROW 3
0.00000E+00 ~3.00000E+00 7.00000E+00
5 CK - (REAL) STIFFNESS MATRIX
SYMMETRIC MATRIX (LOWER TRIANGLE FRINTED)
ROW I
3.00000E+01
ROW 2
~2.00000E+01 S.00000E+01
ROW 3
0.00000E+00 ~3.00000E+01 7.00000E+01
6 CF - (REAL) FORCE VECTOR

MORE. ..
0.00000E+00 0.00000E+00 §.002000E+00
396 3696 36 63 36 9696 9606 3696 36 96 96 3636 96 36 96 96 3696 36 96 96 96 96 6 36 36 36 36 36 966 36 6 3 3 36 36 36 36 36 36 36 36 96 6 36 36 36 96 96 36 36 36 9 9 96 96 96 96 36 3¢

RE-ENTER (Y OR N)

N

DATA SET SMD FOR CSF1 SAVED ON Ui
COMPONENT, FORCE, OR N

N

COMMAND

¥4 READ

63




2.2.7 CES] - Elastic Stop (Nonlinear Spring).

2.2.7.1 CES] User Notes - CES1 is generally used in two types of applica-
tions: as an elastic stop which allows a degree of freedom to move freely
through a specified distance before encountering the resistance of a spring or
damper or both, and in an extension of that application, as a component of a
nonlinear spring or damper which has specific spring or damping rates for dif-
ferent ranges of displacement.

2.2.7.2 CES] Sample Input - Two CES]1 data sets can be used to model a nonlin-
ear spring for which the Force/Displacement function is shown in figure 9. Up
to a displacement of 1 inch (as in the case of CSF1, units may be arbitrary),
the spring rate is zero; from 1 to 2 inches, the spring rate is 100 1b/in.;
and beyond 2 inches the spring rate is 200 1b/in. Inputs for the data sets
follow. Note that the spring rates are additive.

Figure 9. Nonlinear Spring Force/Displacement Function.
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NEW

NEW MODEL (Y OR N)

N

COMFONENT, FORCE, OR N
CES1

DATA SET

NL. §

SAVE FIlLEC(R,Uf,...)

Ui

COMFONENT CESt1. ELASTIC STOFP

BREGIN INFUY
DESCRIFTION (UF TO 71 CHARACTERS)
NONL IMEAR SPRING
MCDF (INTEGER)
¥ OF DOF-EXCEPT BASE
ENTER i INTEGER VALUE(S)

wose soen sere sees s

COFLI (DUF)
DOF NAMES
ENTER 1 DUF VALUE (A4, I4)
X 1
HASE ‘Y OR N)
EXISTNCE OF EASE DOF
ENTER 1 Y OR N VALUE
N
VR (REAL)
UFFER DAMFING COEFF
ENTER 1 REAL VALUE
]

(9] ’

€2 (REAL)

LOWER DAMFING COEFF
ENTER 1 REAL VALUE
)

0
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MORE. ..

MORE. ..




K1  (REAL)

" UFPER SFRING COEFF
ENTER i REAL VALUE

~

100
K2 (REAL)

LOWER SPRING COEFF
ENTER 1 REAL VALUE

DELTH (REAL)

UFFER GAF STZE
ENTER 1 REAL VALUE
2

1

DELTZ2 (REAL)
LOWER GAF SIZE

ENTER 1 REAL VALUE

.‘?‘

MORE . ..
i
336 9636 3636 3 36 96 36 3 36 36 36 96 3 3636 96 96 96 06 9636 9090 9 3636 363696 96 96 36 36 036 96 96 96 020 I 36060696 HEIE I 969636 96 96 96 062 I AN K N

INFUT FOR COMFONENT CES{1. ELASTIC STOF

i MCDF - 3 OF DOF-EXCEFT RASE= i
2 CDFLI - DOF NAMES = X 1000
3 RASE - EXISTNCE OF BRASE DOF= NO

4 Cf - UFPER DAMFING COEFF = 0.00000E+00
)62 - LOWER DAMFING COEFF = 0.,00000E+00
6 Ki - UFFER SFRING COEFF = §,00000E+02
7 K2 = LOWER SFRING COEFF = {,00000E+02
8 DELTH - UFFER GAF SIZE = 1.00000E+00
9 DELTZ - LOWER GAF SIZE = §.00000E+00

222222 LTE LI EL RS NELIEEEEL LI EILLILERIELT IR ELSTITL ST LS L L L LS

RE-ENTER (Y OR N)
N
DATA SET NLf FOR CES1 SAVED ON U1
COMPOMNENT, FORCE, OR N
CESH
DATA SET
NL2
MORE. ..
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SAVE FILE(R,UY,...)
Ut '

COMPONENT CES{i. ELASTIC STOFP

KEGIN INPUT
DESCRIFTION (UF TO 74 CHARACTERS)
NONLINEAR SFRING -
MCDF (INTEGER)

¥ OF DOF-EXCEFT BASE
ENTER i INTEGER VALUE(S)
i
CDFLI (DOF)

DOF NA&MES
ENTER 1 DOF VALUE (A4, [4)
X i

BASE (Y OR N)
EXISTNCE OF RASE DOF

ENTER f Y OR N VALUE
N
% (REAL)
UFPER DAMFING COEFF
ENTER 1 REAL VALUE
D)

0
co (REAL)
LOWER DAMFING COEFF
ENTER 1 REAL VALUE
bt ]

)

K1 (REAL)

UPFER SFRING COEFF
ENTER 1 REAL VALUE
2

et e e o

K2 (REAL)
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MOREQ - &

MORE. ..




LOWER SFRING COEFF
ENTER 1 REAL VALUE
2

DELTH (REAL)

UFFER GAP SIZE
ENTER 1 REAL VALUE
f) . .

DELT2 (REAL)

LOWER GAF SIZE
ENTER 1 REAL VALUE
2

L)
s

6060060606 0600006006006 0606 6 066006 0060 066 9636 0606 06 06 006 066 06 06 6 0 06 2606 06 6 26 0
INFUT FOR COMFONENTY CESY. ELASTIC STOF

{ MCDF - % OF DOF-EXCEFT BASE= |
2 CDFLI - DOF NAMES = X 1000
3 BASE = EXISTNCE OF RASE DOF= NQ
MORE. ..

4 CH - UFFER DAMFING COEFF = 0.00000E+00
- 02 - LOWER DAMFING COEFF = 0.00000E+00
6 Ki - UFFER SFRING COEFF = {.00080E<92
7 K2 - LOWER SFRING COEFF = {.00000E+02
8 DELTH - UPFER GAF SIZE = L.00000E+00
% DELT2 - LOWER GAF SIZE = 2.00000E+00

KEEREESAEEEEEREERSRERERERREE SRR LR REA R SR AR EEREER TR REREEEREREREERE LR Y

FE-ENTER (Y OR N)

M

DATA SET NLZ2 FOR CES1 SAVED ON Uf
COMFONENT, FORCE, OR N

il

COMMAND
WM READ
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2.2.8 CLCl - Linear Constraints.

2.2.8.1 CLCl User Notes - CLC1 allows the user to replace an existing degree.
of freedom of a component with a function of other, arbitrary degrees of free-
dom. The function must have constant coefficients. This equation, with
others, can be formulated in matrix form:

(X;} = [TI{X)

where Xl are the implicit, degrees of freedom being replaced by functions of
arbitrary degrees of freedom, X. X cannot include degrees of freedom from XI;
a degree of freedom cannot be a function of itself.

2.2.8.2 CLC] Sample Inpyt - In this example, CLCl is used to impose an elas-
tic coupling constraint on two identical fuselage representations (refer to
paragraph 2.2.1.2, first example). The two fuselages are to be elastically
coupled at abutting ends. The constraint is defined by equating the sums of
the modal displacements and slopes (angular displacements) of the two fuse-
lages at the point of attachment:

Risplacement

2CG19@@ - (360)PTCH1gPP + (1.0)QFUS11pP =
1CG2@PP + (120)PTCH2p@8 + (1.0)QFUS2198

slope

PTCH1§## - .01 QFUS11pp =
PTCH28PP@ - .01 QFUS21p¢
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Substituting the second equation into the first yields
2CG10P9P = 2CG2PPP + (480)PTCH2PPP - (2.6)QFUS219P9 + (2.6)QFUS11pp
PTCH1#@9 = PTCH2pP9 - (.01)QFUS2198 + (.01)QFUS11pp

which is input into a CLCl1 data set as shown. The two degrees of

freedom, ZCG19PP and PTCH1PPP, will be replaced by the two implicit
relations.
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NEW

NEW MODEL (Y OR N)

N

COMPONENT, FORCE, OR N
CLCH

DATA SET

CHEAM

SAVE FILE(R,UY,...)

ut

COMFONENT CLCYi. LINEAR CONSTRAINTS

BREGIN INFUT
DESCRIFTION (UF TO 71 CHARACTERS)
ELASTIC COUFLING
NLCDF (INTEGER)
NUMBER OF DOF
ENTER 1 INTEGER VALUE(S)
4

MORE . ..

CDFLI (DOF)

DOF NAMES s
ENTER 4 DOF VALUES (A4,1I4) ONE FER LINE
ZCG 2000 7.6
FTCH2000
RFUS2100
WFUS1100
NCIDF (INTEGER)

¥ OF CONSTRAINT EQNS
ENTER i INTEGER VALUE(S)
-y
CIDFLY {DOF)

IMFLICIT DOF NAMES
ENTER 2 DOF VALUES (A4,14) ONE FER LINE
ZCG 1000
FTCH1000
COEF (REAL)

COEFFICIENT MATRIX
TYFE MATRIX

MORE. ..
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(O=NULL) , (3=GENERAI.}

3

INFUT BY ROWS OR COLUMNS 1 OR )

[

OFTION TO SPECIFY NULL ROWS (Y OR N)
N

FREFARE TO ENTER ROW A9
ENTER 4 REAL VALUES
!

§ 480 ~2.6 2.6
FREFPARE TO ENTER ROW 2
ENTER 4 REAL VALUES

o4 .01 .Of
NN I I I I I I I NN NI B NI NI 66 I I I I I WK U0 H IO
INFUT FOR COMFONEMT CLCi. LINEAR CUONSTRAINTS

{f NCDF - NUMBER OF DOF = 4
CDFLI = (DOF) DOF NAMES

ZCG 2000 FTCH2000 GFUS2100 QFUS1100

bt

r

3 NCIDF = % OF CONSTRAINT EQNS= 3
4 CIDFLI - IMFLICIT DOF NAMES = ZCG 1000 FTCH1 000
MUORE. ..
5 COEF = (REAL) COEFFICIENT MATRIX
GENERAL MATRIX
ROW i
1.00000E+00 4.80000E+0Z2 ~2,60000E+00 2,.60000E+00
ROW 2

0.00000E+00  1.90000E+00 ~1.00000E-02 1.00000E-02
223 T 22T S EITILI SIS ST LIS ENTI ST E I LTI LIS TSRS

RE~-ENTER (Y OR N)

M

LATA SET CREAM FOR CLCY SAVED ON U4
COMFOMENT, FORCE, OR N

i ‘

COMMAND

VM READ
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2.2.9 CEM3 - Fuselage. Modal (3-d).

2.2.9.1 CF Notes - Mode shapes need only be defined at node points
where coupling with other components is to take place. Up to three transla-
tional and three rotational implicit degrees of freedom can be specified
(NODOF) in local coordinate systems defined separately at each of those
points. The user defines the X and Y vectors of the local coordinate :ystems
in terms of the fuselage coordinate system (X and Y vector direction cosines).

2.2.9.2 CFM3 Sampie Input - Input is shown for a CFM3 data set with four
rigid body modes and eight elastic modes. The rigid body modes are defined at
the CG and the elastic modes are defined at four node points. Mode shape
input is only shown for one component of modal displacement for the first
elastic mode. Four implicit degrees of freedom consistent with the fuselage
degrees of freedom are specified at each of the node points. The local X, Y
vectors coincide with the fuselage coordinate system vectors.
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NEW

NEW MODEL (Y OR N)

N

COMPONENT, FORCE, OR
CFM3

DATA SET

FS1 ‘

SAVE FILECR,UT,...)
Ui

STRUCTURAL COMPONENT

REGIN INFUT

DESCRIFTION (UF TO 74

FACOSY SEGMENT

HBM (Y OR M2
RIGID RODY MODEX

ENTER 1 ¥ OR N vaLUE

b

IXCG (7 DR MO
LONGITUDINAL
ENTER § ¥ OR N VALUE

M

IR AW (Y OR N
LATERAL

ENTER 1 Y OR N VALUE

v

L1ZC5% (Y OR N)
YERTICAL

ENTER § ¥ QR H VALUE

ITROLL (Y OR N
ROLL

ENTER 1 Y OR N valLUE

M

PETCH (Y OR N)
FITCH

N

CHFM3 . 3-D MODAL

CHARACTERS)

74

FUSELAGE

MORE .

MORE . ..




ENTER § Y OR N VALUE

Y

IYaw (Y OR N)
YAUW

ENTER 1 Y OR N VALUE

Y :

CG (REAL)

XYZ CG LOCATION (IN)

NULL VECTOR (Y DR N)
e

NS (INTEGER)

NUO. OF NODAL FOINTS
ENTER § INTEGER VALUEC(S)
4
XVEINE (REAL)

X7Z FOR EACH NODE

XYZ KEF. TO FUSELAGE SYS.

IYFPE MATRIX

(0=NULL) , (3=GENERAL)

kg

i

INMFUT BY ROWS OR COLUMNSE (R OR C)

OFTION TO SFECIFY NULL COLUMNS (Y OR N)

N
PREFARE TO ENTER COL
ENTER 3 REAL VALUES
420 ~D0 -0

FREFARE TO ENTER COL
EMTER 2 REAL VALUES
)

G2 -G TG
FREFARE TD ENTER COL
FHTER 3 REAL VALUES
5

426 20 20

FREFARE TO ENTER COL
ENTER 3 REAL VALUES
D

420 20 -20

1

[ %]

3

MORE.. ..
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NMODE (INTEGER)

NO. OF ELASTIC MODES
ENTER 1 INTEGER VALUE(D)
8
MXCG Y Ok MO

MODE X-COMFONENT
ENTER 1 Y OR N VALUE
N
MYCG (Y OR N>

MODE Y--COMFPONENT
ENTER 1 ¥ OR N VALUL

Y
MZCG (Y OR N)

MODE Z-COMFONENT
ENTER 1 Y OR N VALUE
Y

MROLL (Y OrR N

MODE ALFX~COMFONENT
ENTER 1 Y OR N VALUE
N
MFTCH (Y OR NO

MODE ALFY-COMFONENT
ENTER 1 Y OR N VALUE
i
MY AW (Y OR N)

MODE ALFZ-COMFONENT
ENTER 1 Y OF N VALUE
f

Ty (REAL)D

MODES Y-COMFONENT
T{FE MATRIX
(O=NULL) , (3=GENERAL )
3
ANFUT BY ROWS OFR COLUMHS (R OFR O
F
OFTION TO SPECIFY NULL ROWS {7 O )
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MORE., ..
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Y

NULL ROW t (Y OR

N

FREFARE TO ENTER KUW 1
ENTER 4 REAL VALUES

P

;2?.5611 -10.8154 ~-10.8265 --27.5335

NULL, ROW 2 (Y OR N)

;ULL ROW 3 (Y OR N)
;ULL ROW 4 (Y OR N
QULL ROW 35 (Y OR N
éULL ROW & (Y OR N
;ULL ROW .7 (Y OR N)
;ULL ROW 8 (Y OR N)
1

i (REAL)

MODES Z-COMFONENT
TYFE MATRIX
(O=NULL) , (3=GENERAL)

9
TYF (REAL)

MODES ALFY-COMPONENT
TYFE MATRIX
CO=NULL) , (3=GENERAL)

)
ZZF (REAL)

MODES ALFZ-COMFONENT
TYFE MATRIX
CO=NULL) , (3=GENERAL)
£
NODOF vt OR N)

POF Y OR N FOR NODES
FREFARE TO ENTER ROW i
ENTER 4 Y OR N VALUES (35A2)

17

MORE . ..

MORE . .

a




N NNN
FREFARE TO ENTER KROW 2
ENTER 4 Y OR N VALUES
¥ Y ¥
FREFARE TO ENTER ROW &
ENTER 4 Y OR N ValLUES
RN
FREFARE TO ENTER ROW 4
ENTER 4 Y OR N ¥alLUES
N N NN
FEREFARE TO ENTER ROW &
ENTER 4 Y OR N YALUES
LA A
FREFARE TO ENTER ROW &
ENTER 4 Y OR N ¥aALUES
Y Y Y
TLD (REAL)

LOCAL X, Y VECTORS

IN TERMS OF FUSELAGE
TYFE MATRIX
Ce=NULL) , (3=GENERAL)

ird

MFUT BY ROWS OR COLUMMS
F

(3842

SEAD)

(35AD)

r
4

-

ra

(R

0OF

OFTION TO SPECIFY NULL ROWS (Y

i

HULL ROW 4 (Y OR W)

i

FREFARE TO ENTER ROW 1
ENTER 4 REAL VALUES

"y

AL

HULL ROW 2 (Y OR )
»

HULL ROW 3 (Y OFR N)
1

NULL ROW 4 (Y OR N)
Y

AULL ROW 5 (Y OR M)
i

FREFARE TO ENTER ROW %
ENTER 4 REAL VALUES
7

C)

Or N
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a4 4
NULL ROW & (Y OR N
Y
MASSL (REAL)
FUSELAGE MASS (LE)
ENTER 1 REAL VALUL
&)
133.437
MYy (REAL)
FTCH MOI SLUG-FT{SQ)
ENTER t REAL VALUE
)

IMZZ (REAL)

YAW MOI SLUG-FT(SQ)
ENTER 1 REAL VALUE
2

(63,25
o1 s MORE. ..
IMYZ (REAL) : '
-YZ PRODUCT OF INERT.
ENTER 1 REAL VALUE

0
MMS (REAL)

MODAL MASS (SLUGS)
NULL VECTOR (Y OR N)
N
ENTER 8 REAL VALUE(S)
=
$0.248 81.122 84,373 85.367
P
L21539 26977 .26613 21273
MD (REAL)

MODAL DAMFING (FCT)
NULL VECTOR (Y OR N)
Y
FREQ (REAL)

MORE. . .
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MODAL FREQUENCY (HZ)
NULL VECTOR (Y OR N)
N
ENTER 8 REAL VALUE(S)
D

18.901 18.907 18.909 18.910
<)

37.343 37.517 37.518 37.527

3066 W I J J I I I I I I He 36 I FE I I 3 I W I I DM I3 I I I A 3 I I I 36 I M 3696 -3 36 I 360 I W I A N X I B N A

INFUT FOR STRUCTURAL COMFONENT CFM3. 3-D ™MODAL FUSELAGE
1 REM - RIGID RODY MODES = fES
2 IXCG = LONGITUDINAL = NUO
3 IYCG - LATERAL = ! YES
4 IZCG - VERTICAL = YES
5 IROLL - ROLL = NO
4 IFTCH - PITCH = YES
7 IYAW - YAW = YES
8 CG - (REAL) XYZ CG LOCATION (IN)
0.00000E+00 0. 00000h+00 0.00000E+00
? NS - NO. OF NODAL FOINTS 4
10 XYZNS - (REAL) XYZ FOR EACH NODE
MORE.. . .
- GENERAL MATRIX
ROW i
-1 .20000E+02 —-1.20000E+02 ~1.20000E+02 —-1.20000E+02
ROW 2
~2.00000E+01 -2.00000E+01 2.00000E+0{1 2,00000E+01
ROW 3
~2.00000E+01 2.00000E+01 2.00000E+01 -2.00000E£+01
11 NMODE - NO. OF ELASTIC MUDES= 8
12 MXCG - MODE X-COMFPONENT = NO
13 MYCG - MODE Y-COMFONENT = YES
14 MZCG - MODE Z-COMFONENT = YES
15 MROLL - MODE ALFX-COMFONENT = NO
16 MFTCH - MODE ALFY-COMFONENT = YES
17 MYaw = MODE ALFZ~-COMFONENT = YES
18 'Y¥ (REAL) MODES Y-COMFONENT
GENtRﬁL MATRIX
ROW i
~2.75611E+01 ~1.08154E401 ~1.08265E+01 -2, 75335E4+01
ROW 2 NULL RUW
ROW 3 NULL ROW
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19

R
. al

ROW

ROW

ROW

ROW

ROW

ROW

24
S
26
27

10
Leg=]

ROW

ROW
ROW
ROW

ROW
7

Ao

YYF

XYZD

ROW

ROW
ROW
ROW
ROW

ROW
MASSL
MYy
IMZZ
MYz
MMS

[ssBE NN s RT3

NULL

NULL

NULL

YES

GENE

i
§1.000

)
A

Ut o N

1.000
6

8.

NULL ROW

NULL. ROW

NULL ROW

NULL ROW

NULL ROW
(REAL) MODES Z-COMPONENT
MATRIX

(REAL) MODES ALFY~-COMFONENT
MATRIX '

(REAL) MODES ALFZ-COMFONENT
MATRIX

DOF Y UR N FOR NODES
NO NO  NO
YES YES YES
YES YES YES

MUREA )
NO NO NO

YES YES YES

YES YES YES
(REAL) LOCAL X,Y VECTORS
RAL MATRIX

O0E+Q0 1.00000E+00 §.00000E+00 §.00000E+00
NULL ROW
NULL. ROW
NULL ROW

Q0E+00  1.00000E+00 §.00000E+00 1.00000L+00
NULL. ROW

FUSELAGE MASS (LR) = {§,53437L+02

FTCH MOI SLUG-FT(SR)= {.63250E+02

YAW MOI SLUG-FT(S®) = 1,63250E+02

YZ FRODUCT OF INERT.= 0,00000£400

(REAL) MODAL MASS (SLUGS)

02480E+01 8.11220E+01 8.43730E+0f B8.353670E+01
MORE. ..
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2.153390E-01  2.497V70E-01  2.68130E-01 2.42730F 04
29 MD - (REAL) MUDAL DAMPING (FCT)
0.00000E+00 0.00000E+00 0.00000E+00 u.0UVUUE+90
0.00000E+400 0.00000E+00 0.00000E+00 ©.00000E+00
30 FRERQ = (REAL) MODAL FREQUENCY (HZ)
1.89010E+01 1.89070E+01 1.89090E+01 1.89100L+01
3.75130E+01 3,751 70E+01 3.VS180E+01 3.75270E+01
'.lﬁ*ll!l.'*ll*l**ll**‘l******l*!l&l*lilllili***I’********l**l-I*I'l*&&0

RE-ENTER (Y OR N)
N

DATA SET PS4 FOR CFM3 SAVED ON U1
COMFONENT, FORCE, OR N
N
COMMAND
¥ KEAD



2.2.10 CRD3 - Rotor. Damaged (Nonidentical) Blades.

2.2.10.1 CRD3 User Notes - Careful attention must be paid to the blade prop-
erty input. The user is asked to input two types of blade properties, incre-
mental and nonincremental. An incremental value is the change in a nominal
value input for CRE3, and a nonincremental value replaces a value input for
CRE3. ITllustrations of these two types of input occur in the following exam-
ple and are discussed.

Note that as with CRE3, "switches" can be set which allow time history blade
moments to be calculated (SII3).

2.2.10.2 CRD3 Sample Input - Input is shown for a CRD3 data set which removes
1 1b from the blade tips of the rotor modeled in Section 6 of the User’s
Manual (B2Z1T2/CRE3). The user must select the same type and number of blade
degrees of freedom as selected for the CRE3 data set.

The change in mass per unit length and the associated CG offset from the elas-
tic axis and mass radius of gyration about the beamwise axis have been input
for the affected blade stations. The inputs for SE and KM2 for the affected
stations are nonincremental values. Thus, to retain the values input for the
CRE3 data set, changing only mass, the values for SE and KM2 from the CRE3
data set have been input for the affected stations. To retain the same blade
pretwist rates, the values from the CRE3 data set must also be input, but for
all stations, in order to retain the same blade geometry. Nonincremental par-
ameters previously set to zero have been reset to zero. Incremental param-
eters for which there are no changes have also been set to zero.
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NEW

NEW MODEL (Y Or N»

N

COMPONENT, FORCE, OR N
CRD3

DATA SET

BRZIT2

JAVE FILE(R,U1,...)

Ui

DAMAGED ROTOR COMFONENT CRD3 . KOTOR DAMAGED ELADES

BEGIN INFUT
DESCRIFTION (UP TO 71 CHARACTERS)
' LE REMOVED FROM BLADE TIFS
NV (Y OR N)
INFLANE DUF
ENTER 1 Y OR N VALUE

I (Y OR N)
OUTFLANE DOF
ENTER § ¥ OR N VALUE

f

JF (Y OR N)
TORSION DOF

ENTER 1 Y OR N VALUE

Y

NV (INTEGER)

NO. OF INFLANE MODES
ENTER 1 INTEGER VALUE(S)
1
NW (INTEGER)

NO. OF OUTFLNE MODES
ENTER 1 INTEGER VALUE(S)
-

NE (INTEGER)
NO. OF TORSION MODES

MORE . ..

MURE...



ENTER 1 INTEGER WALUE(S)
)

NDE (INTEGER)

NO. OF DAMAGED

ELADES
ENTER i INTEGER VALUE(Y)
o

A

IDE CINTEGER)

RLADE NOS. OF

DAMAGED EBLADES
ENTER 2 INTEGER YALUE(S)
i 2

NX (INTEGER)
NO. OF RBLADE STAS

ENTER 1 INTEGER VALUE(S)
20

or evem e coom sern

AXD (Y OR N)

NEW STATIONS
ENTER 1 Y OR N VALUE
M
ITye (INTEGER)
MODE INFUT 0,1, OR 2

O = USE OLD MODE SHAFES, t = INFUT NEW MODE SHAFES,

NEW MODE SHAFES
ENTER 1 INTEGER VALUE(S)
0
CIFPF (REAL)
IF MODAL DAMFING
INCREMENT (LBF--SEC/IN)
ENTER {1 REAL VALUE(S)
’;7
0
COFF (REAL)
OF MODAL DAMFING
INCREMENT (LEF-SEC/IN)
NULL VECTOR <Y OR N)
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2 = GENLRATE

MORE. ..
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CTORE (REAL)
TORSION MODAL

DAMFING INCREMENT (IN~LEF-SEC/DEG)

NULL VECTOR (Y OR N)
Y

KIF (REAL)

IF SFRING RATE

INCREMENT CIN-LEF/DEG)
ENTER 1 REAL VALUE

0
CIF (REAL)

IF DAMFING RnTE

INCREMENT CIN-LEF-SEC/DEG)
ENTER § REAL VALUE

KOF (REAL)

OF SFRING RATE

INCREMENT (IN-LEF/DEG)
ENTER 1 REAL VALUE
2

LOF (ReAlL)

OF DAMFING RATE

INCREMENT (IN-LBF-SEC/DEG)
ENTER § REAL VALUE

0
KTOR (REAL)
TORSTON SFRING RATE
INCREMENT  (IN-LEF/DEG)
ENTER 1 REAL VALUE
)

CTOR (REAL)

MORE. . . .

MORE. ..



TORSION DAMF INGL HATE
INCREMENT C(IN-LEBEF-SEC/DEG)

ENTER 1 REAL VALUE

 §

0

v (Y OrR N)
UNIFORM BLADE

ENTER 1 Y OR N VALUE

N

M (REAL)
MASS PER UNIT LENGTH
INCREMENT (LE/IN)

NULL VECTOR (Y OR N)

N

ENTER 2¢ REAL VALUE(S)

o

0 OO 0O0000000000O0O0O0-.16 .16

SE (REAL)
CG OFFSET FROM EA
(IN)

NULL VECTOR (Y OR N)

N
ENTER 20 REAL VALUE(S)
e

©0000000000OD00000O0O6 -1.97 ~1.97
SEA (REAL)
AREA CENTROID OFFSET
FROM EA (+ FUD EA) (IN)
NULL VECTOR (Y OR N)
Y

K (REAL)
MASS ROG AROUT
LOCAL CHOKRDWLISE AXIS IN BEAMWISE DIRECTION (IN)
NULL VECTOR (Y OR N)
Y
KM2 (REAL)
MASS ROG ABOUT
LOCAL BEAMWISE AXIS IN CHORDWISE DIRECTION (IN)
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MORE ...



T ————— T

NULL VECTOR (Y OR N)
N

ENTER 20 REAL VALUE(S)
- :

6000000000600 0000O0O0 7.1 7.14
Ka (REAL)

AREA ROG OF CROSS

SECTION (IN)
NULL VECTOR (Y OR N)

THE (REAL)
FRETWIST RATE DEG/IN
NULL VECTOR (Y OR N)
N
ENTER 20 REAt. VALUE(S)
‘T, i i i A
~-.0378733 ~.0378753 ~.0378753 ~-.0378753 -.,0378753 - .0378753 ~.037875%
- :

-.0378753 ~.0378753 ~-.0378753 -.0378753 -.0378753 ~.0378753 -.0378753

2

: _ MOKE.. . .

~.0378753 -.0378753 ~.0378753 ~.0378753 -.0578753 -.0378753
EIY (REAL)

CHORDWISE EIX{0E-6
~ INCREMENT  (LEF*IN%%2)
NULL VECTOR (Y OR N)
Y
EIZ (REAL)

BEAMWISE EI%§0E~6

INCREMENT  (LEF®IN%x2)
NULL VECTOR (Y OR N)
Y ‘
EA (REAL)

SECTION EA%f{0E~6

INCREMENT  (LEF)
NULL VECTOR (Y OR N)
¥
GJ (REAL)

SECTION GJ*10E-6

MORE. . .



INCREMENT (LEF*In%%2)
NULL VECTOR (Y OR N}

EE1 " (REAL)

CROSS SEC INTEGRAL

INCREMENT (INx%x%6) (SEE MANUAL)
NULL VECTOR (Y OR 'N)

ER2 (REAL)
" CROSS SEC INTEGRAL
INCREMENT (IN%%5) (SEE MANUAL)
NULL VECTOR (Y OR N)
» :
ECH (REAL) ;
CROSS SEC INTEGRAL
INCREMENT (INX%%6) (SEE MANUAL)
NULL VECTOR (Y OR N)
Y ,

MOKRE. ..

ECISTA - (REAL)

CROSS SEC INTEGRAL .

INCREMENT (IN%%5) (SEE MANUAL)
NULL VECTOR (Y OR N)
Y
JIL (Y OR N)

INTERNAL LOADS
ENTER 4 Y OR N VALUE
N
2 3696 9696 06 36 96 36 36 96 36 36 6 36 6 96 36 36 36 6 96 36 96 36 36 36 36 36 36 36 36 96 36 96 96 6 36 36 36 6 36 36 96 36 6 36 36 36 96 36 36 6 96 36 36 06 36 36 36 36 36 36 96 36 36 36 36 3 X
INPUT FOR DAMAGED ROTOR COMFONENT CRD3. ROTUR DAMAGED ELADES

i Jv - INFLANE DOF = YES

2 JW - OUTFLANE DOF = YES

3 JpP - TORSION DOF = YES

4 NV = NO. OF INFLANE MODES= i

S NW = NO. OF QUTFLNE MODES= 2

6 NF - NO. OF TORSION MODES= 2

7 NDE - NO. OF DAMAGED = 2

8 IDR - BLADE NOS. OF o= i 2
9 NX - NO. OF BLADE STAS = 20

MORE...



Lo

JXD
ITYF
CIFF

"COFP

CTORR
KIF

CIF

KOF.
car

KTOR

CTOR
IU

L
in

SEA

KM

KM2

KA

NEW STAVIONS

MODE INFUT 0,4, OR
IFF MODAL DAMFING

OP MODAL DAMFING
TORSION MODAL

IF SPRING RATE

IFF DAMFING RATE

OF SPRING RATE

OF DAMPING RATE
TORSION SFRING RATE
TORSION DAMFING RATE
UNIFORM KLADE

LI SR AT S T B N |
t3
0 WO OB B WO

NO

0
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
NO

(REAL) MASS FPER UNIT LENGTH

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
- (REAL) CG
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00

0.00000E+00

0.00000E+00 - 0.00000E+00
0.00000E+00  ©0.00000E+0Q
0.00000E+00 ©.00000E+00
0.00000E+00 0. 00000E+00
0.00000E+00 —1.60000E-01
OFFSET, FROM EA

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

0.00000E+00
0.00000E+00

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

' 0.00000E+00
-1 .97000E+00

- (REAL) AREA CENTROID OFFSET

0.00000E+00
0.00000E +90
0. 00000E +00
0.00000E+00
0.00000E+00

0.00000E+00

0.00000E+00

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

- (REAL) MASS ROG AEROUT

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

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

- (REAL) MASS ROG AROUT

0.00000E+00

0.00000E+00

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

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

0.00000E+00
9. 00000E+00
0.00000E+00
0. 00000E +00
0.00000E+00

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

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
7.11000E+00

- (REAL) AREA ROG OF CROSS
0.00000E+00 0.,.00000E+00 0,00000E+00

Voo

AN

0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E +00
0.00000E+00
~1.60000E~01

0.00000E+00

0.00000E+00

0.00000E+00
MORE , . .

0.00000E+00

-1 .97000E+00

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

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

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
7.11000E+00

0.00000E+00
MORE. ..




30

THF

EIY

EIZ

0.00060E+00
0.00000E+00
0.00000E+00
0.00000E+00

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

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

- (REAL) FRETWIST RATE DEG/IN

~3.78753E-02
~3.78753E-02
~3.78753E-02
-3.78753E-02
~-3.78733E-02

~-3.78753E~-02
-3.78753E-02
-3.78753E-02

-3.78753E-02

-3.78753E~-02

~3.78753E~02
-3.78753E-02
~3.78753E-02
~3.78753E-02
-3.78753E-02

= (REAL) CHORDWISE EI*{0E-6

0.00000E+00 0.00000E+00
0.00000E+00 ©.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00

.00000E+00
+00000E+00

0.00000E+00
0.00000E+00

+O0000E+00
+00000E+00
+Q0000E+00O

SOCCC

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

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

(REAL) BEAMWISE EI*f0E-6 .
0.00000E+00

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

0.00000E+0v
0.00000E+v0Q
0.00000E+00
0.00000E+00

-3.78753E~-02
-3.78753E~-02
-3.78753£-02
~3.78753E-02
~3.78753E-02

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

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

0.00000E +00

MORE...

31

33

34

EA

{zd

EB1

ER2

(REAL) SECTION EA*{10E-6
0.00000E+00 0.00000E+00
+O0000E+00 0.00000E+00
+O0000E+00 0.00000E+00
+Q0000E+00 ,0.00000E+00
.00000E+00 0.00000E+00
(REAL) SECTION GJ*10E-6
0.00000E+00 0.00000E+00
0.00000E+00 0.090V0E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
- (REAL) CROSS SEC INTEGR
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
- (REAL) CRONS SEC INTEGR
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00

I c i ool ol
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0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

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

0.00000L+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
AL

0. 00000h+00
0.00000E+00
0.00000E+00

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

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

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

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

MUREAAA N



35 EC1

384 ECISTA

37 JIL

N

DATA SET B2Z4T2

0.00000E+90
0.00000L+0Q

9.00000E+00

0D.,00000E+00

0.00000E+00
0.00000E+00

- (REAL) CROSS SEC INTEGRAL

0.00000E+00 0. OOO00VE+00 0. 00000E+00
0.00000E+00 0.00000E+00 0. 00000E+00
0.Q0000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0. 00000E+00 ©.00000E+00

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

- (REAL) CROSS SEC INTEGRAL

0. 00000E+00
0. 0000QF+00
0.00000E+00
0.00000E+00O
0.00000E+00

0.00000E+00
0.00000E+00

0.00000E+00 .

0.00000E+00
0.00000E+00

- INTERNAL L.OADS =
*****«***********#****************************&****&#****************a

RE~ENTER (Y OR N)

CDMFUNENT FORCE, -OR N

COMMAND

FOR LhD3 SAVED ON Uf
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0.00000E+00

0.00000E+00

0.00000E+00

0.00000E+00

0.00000E+00
NO

0.00000E +0Q
0.00000k+00

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

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

MORE.. ..

vM READ




2.2.11 CLC2 - Linear Constrajnis.

2.2.11.1 QLQZ_uggn_uglgg - CLC2 solves for the implicit degrees of freedom
selected by the user for a set of constraint equations. However, improper
selection of imblicit degrees of freedom will result in partitioning the input
coefficients into a singular matrix during the definition phase of a RUN, pre-
venting solution of the constraint equations. The RUN will be terminated and
the user will be asked to edit the CLC2 data set and specify new implicit
degrees of freedom. Also, in some cases, implicit degree of freedom selec-
tions, though not improper, will result in an i11-conditioned matrix and err-
oneous implicit coefficients. When a new CLC2 data set (or a new model) is
implemented, the user should carefully examine the model details, including
the implicit coefficient table, and the constant coupled system matrices to
determine if the model has been formulated correctly.

2.2.11.2 CLC2 Sample Input - Input is shown for a CLC2 data set which imposes
the same constraint derived for .the CLC1 example. The displacement and slope
relations have been input directly and the implicit degrees of freedom selec-
ted as shown. '
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NEW

NEW MODEL (Y OR N)

N

COMFONENT, FORCE, OR N
CLC2

DATA SET

CREAM

SAVE FILE(R,Uf,...)

Ui

COMPONENT CLC2. LINEAR CONSTRAINTS

BEGIN INFUT
DESCRIFPTION (UF TO 71 CHARACTERS)
ELASTIC COUFLING
NCDF (INTEGER)
NUMBER OF DOF
ENTER 1 INTEGER VALUE(S)

MOKE. ..
CDFLI (DUF)

DOF NAMES
ENTER & DOF VALUES (A4,14) UNE FER LINE
ZCG 1000
ZCG 2000
FTCH1000
FTCH2000
RFUS1100
QFUS2100
NCIDF (INTEGER)
NO OF COUNSTRAINT EQS
ENTER i INTEGER VALUE(S)
-

COEF (REAL)
COEFFICIENT MATRIX

TYFE MATRIX

(O=NULL) , (3=GENERAL)

3

INFUT BY ROWS OR COLUMNS (R OR C)

R

MOKE . ..



OFTION TO SPECIFY NULL ROWS (Y OR N)
N .

PREFPARE TO ENTER ROW - 9§
ENTER 6 REAL VALUES
2

§ ~f ~360 120 1 -1
FREPARE TO ENTER KOW 2
ENTER & REAL VALUES

)

© 0 1 -1 —.01 .0f
NIDOF (INTEGER)

NO OF IMPLICIT DOF
ENTER i INTEGER VALUE(S)
i

-

INDEX (INTEGER)
. IMPLICIT DOF INDICES
ENTER 2 INTEGER VALUE(S)
i3
FE36 3636 36 36 366 36 36 36 36 96 3636 96 96696 3696 36 9696 96 3636 36 96 3636 36 3636 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 1636 36 6 36 36 96 36 36 36 6 %
INPUT FOR COMFONENT CLC2. LINEAR CONSTRAINTS

MORE...
i NCDF - NUMBER OF DOF = é
2 CDFLI - (DOF) DOF NAMES '
ZCG 1000 ZCG 2000 PTCHi000 FTCH2000 QFUSYI{I00
QFUS2100
3 NCIDF - NO OF CONSTRAINT EQS= 2
4 COEF - (REAL) COEFFICLENT MATRIX

GENERAL MATRIX

ROW i

i1 .00000E+00 ~1.00000E+00 ~3.60000E+02 -1,20000E+02
1 .00000E+00 -1 .00000E+00

“

ROW 2.
0.00000E+00 0.00000E+00 {.00000E+00 -1.00000E+00
-1 .00000E-02 1.00000E-02
3 NIDOF - NO OF IMPLICIT DOF = &
6 INDEX - IMPLICIT DOF INDICES= i 3

3 36 36 36 36 36 36 36 6 6 36 36 3 3 6 I 36 36 36 36 I€ 36 9 I I 36 K IEIE I 6 IE 36 36 IE 36 36 36 36 3 36 I6 W I IE 36 6 36 I 36 I I 36 I I I I I I I I I I I I I 36 ¢ 3¢

RE~ENTER (Y OR N)
N

DATA SET CRBEAM FOR CLC2 SAVED ON Uf

. MORE, .., .
COMFONENT, FORCE, OR N
N

COMMAND
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2.2.12 CLCR.- Linear Constraints.

2.2.12.1 CLCP User Notes - Tha user selects the system or component degrees of
freedom to be eliminated from a model and one degree of freedom which is not.

The eliminated (implicit) degrees of freedom are automatically set equal to

zero times the retained (explicit) degree of freedom.

2.2.12.2 CLCP Sample Input - Input is shown for a CLCP data set which, when
combined with the previously discussed CLC2 and CFM2 data sets, results in a
single elastic fuselage free to pivot about a single fixed point.



NEW
NEW MODEL (Y OR N)

N

COMFONENT, FORCE, OR N
CLCo-

DATA SET

GROUND

SAVE FILE(R,Uf,...)

Ut

COMPONENT CLCO. ELIMINATE DOF

BREGIN INFUT
DESCRIFTION (UP TO 71 CHARACTERS)
ELIMINATE RIGID RODY DOF
NCIDF (INTEGER)
# OF ELIMINATED DOF
ENTER i INTEGER VALUE(S)
f

e

MORE. ..
CIDFLI  (DOF)

ELIMINATED DOF NAMES
ENTER 1 DOF VALUE (A4,I4)
ZC6 2000
CDFLY (DOF)

i EXFLICIT DOF NAME
ENTER 1 DOF VALUE (A4,1I4)
FTCH2000
ihebsbetutaloboiolotolatoinisieisiointaboiaisistaiaiaialairiabrbuioisiaiaisiaiaiaiaisbibbb it bt A AL L S AL L S L L
INFUT FOR COMFONENT CLCO. ELIMINATE DOF

i NCIDF .= % OF ELIMINATED DOF = i
2 CIDFLI - ELIMINATED DOF NAMES= ZCG 2000
3 CDFLI - § EXPLICLIT DOF NAME = FTCH2000

922 I W I I T I I I I I T I I FE 6 T I I T A6 I I I I IE I IEIE I FEIE I I I I IE I W I H W I I I I I A IE 3 3 36 %

RE~-ENTER (Y OR N)
N
DATA SET GROUND FOR CLCO SAVED ON U{
COMPONENT, FORCE, OR N
N

" ﬁORE.AQ'.
COMMAND

VM READ
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2.2.13.1 gﬁfz_usgr_ﬂgxgg - CGF2 is used to apply periodic forces to component
and system degrees of freedom during a time integration type solution. The
component lass, dﬂﬂwing, and stiffness matrices are automatically set to zero,
and a time-varying force vector can be defined with a combination of
po]yﬁoiial Fourier series, and Tabular functions. The functions can only be
applied to degrees of freedom incluyded as component degrees of freedom of the
data set ‘Rigid body and elastic (modal) degrees of freedom are allowed. The
force a.plitude (units: 1b, in.-1b, etc.) is determined by the degree of
freedom to which it is applied.

Start and end times are input for each force application. The application is
repeated with the end t1me becoming the start time for each successive
application, resulting in a periodic function. The periodicity can be
eliminated (as when only a single application is desired) by specifying zero
force over the remaining time period of interest. '

2.2.13.2 (CGF2 Sample Input - Input is shown for a CGF2 data set. in which two
polynomial ?unctions and two tabular functions are applied to four degrees of
freedom. The same polynomial function is applied to two of the degrees of
freedom, and the same tabular function is applied to the other two. The two
functions are shown in Figure 10.
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Figure 10. Example Forcing Functions.
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NEW

NEW MODEL (Y OR N)

N

COMFONENT, FORCE, OR N
CGF2

DATA SET

FORCE

SAVE FILE(R,Uf,...)

Ui

COMFONENT CGF2. GENERAL FORCE

REGIN INFUT
DESCRIFTION (UP TO 71 CHARACTERS)
AFFLIED FORCE
NODF (INTEGER)
NUMEER OF DOF
ENTER f INTEGER VALUE(S)

v sem oty wote

NAMEDOF  (DOF)
DOF NAMES

ENTEK 4 DOF VALUES (A4,I4) ONE FER LINE

’2

Y f

Bz

1A (Y OR N)
TYPE A FORCE
(FOLYNOMIAL)

ENTER { Y OR N VALUE

Y

Ik (Y OR N)

TYPE B FORCE
(FOURIER SERIES)
ENTER § Y OR N VALUE

R ]

IC (Y OR N)
TYFE C FORCE.

100
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MOREI . &

MORE . ..




(TABULAR)
ENTER 4 Y OR N VALUE

Y

NA (INTEGER)
NO. OF TYFE A
AFFLICATIONS

ENTER § INTEGER VALUE(S)
2

£

NAMENA (DOF)

DOF NAME FOR EACH

TYPE A AFFLICATION
ENTER 2 DOF VALUES (A4,I4) ONE FER LINE
X 2
COEFNA  (REAL)

COEFFS FOR EACH

TYFE A FOLYNOMIAL UP TO A4TH FOWER
TYFPE MATRIX
(0=NULL), (3=GENERAL)

”
INFUT BY ROWS OR COLUMNS (R OR ©)

c

OFTION TO SPECIFY NULL COLUMNS (Y OR N)
N

FREFARE TO ENTER COL 9§

ENTER 3 REAL VALUES

l‘)

0 i 900
FREFARE TO ENTER COL 2
ENTER 5 REAL VALUES
54000
T1NA (REAL)
START TIME FOR EACH
TYFE A AFFLICATION
NULL VECTOR (Y OR N)
%
T2NA (REAL)
" END TIME FOR EACH

101

MORE...

MORE...




TYPE A APPLICATION
NULL VECTOR (Y OR N)
N [y

ENTER 2 REAL VALUE(S)
bt

NC (INTEGER)
NO. OF TYFE C y
AFPLICATIONS

ENTER =~ 1 INTEGER VALUE(S)

2

.

NAMENC (DOF)
. DOF NAME FOR EACH
TYFE C APFLICATION
ENTER 2 DOF VALUES (A4,14) ONE FER LINE

b 1
Y 2
NSNCH (INTEGER)

NO. OF TIME FOINTS

MORE. ..

iST TYPE C AFPLICATION
ENTER f INTEGER VALUE(S)
4
COEFNCY (REAL)

TIMES AND FORCES

FOR 4ST TYPE C AFPLICATION
TYFE MATRIX
(O=NULL) , (3=GENERAL.)
4
INFUT BY ROWS OR COLUMNS (R OR C)
K
OPTION TO SFECIFY NULL ROWS (Y OR N)
Y .
NULL ROW 1 (Y OR N) .
N L
FREFARE TO ENTER ROW { )
ENTER 2 REAL VALUES
Py
0 0
NULL ROW 2 (Y OR N
N

MORE. ..
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FPREPARE TO ENTER ROW
ENTER 2 REAL VALUES
2

3

§

NULL ROM 3 (Y DR N)

N

FREFARE TO ENTER ROW 3
ENTER 2 REAL VALUES

?

20
NULL ROW 4 (Y OR N)

N

FREFARE TO ENTER ROW 4
ENTER 2 REAL VALUES

I;, 3

NSNC2 (INTEGER)

"NO. OF TIME FUOINTS

2ND TYPE C AFFLICATION
ENTER i INTEGER VALUE(S)
4

e v e e

COEFNC2 (REAL)

- TIMES AND FURCES

FOR 2ND TYFE C AFPLICATION

TYPE MATRIX
(0=NULL) , (3=GENERAL)
3
NFUT BY ROWS OR COLUMNS (R OR C©)
K
OFTION TO SPECIFY NULL ROWS (Y OR N)
N '
FREFARE TO ENTER ROW
ENTER 2 REAL VALUES
) .

0 0

PREFARE TO ENTER RO
ENTER 2 REAL VALUES
?

r

i 1

FREFARE TO ENTER ROW 3
ENTER 2 REAL VALUES

%
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MORE...




20

PREPARE TO ENTER ROW 4
ENTER 2 REAL VALUES

a2

10 0

6636 396 36 36 36 36 3 3 36 36 36 36 36 36 36 6 36 36 36 696 3696 6 36 36 96 36 3 36 36 36 36 36 6 36 3 36 36 36 36 96 36 36 36 36 36 36 X 3 36 3 36 36 ¥ 96 96 3 W 96 -3 W

INFUT FOR COMPONENT CGF2. GENERAL FORCE

f NODF - NUMEER OF DOF = 4
2 NAMEDOF ~ (DOF) DOF NAMES
. X 1000 X 2000 Y 1000 Y 2000
3 IA ~ TYFE A FURCE Eh~, YES
4 IE - TYFE B FORCE . = NO
s 1IC - TYFE C FORCE = YES
6 NA ~ NO. OF TYPE A = 2
7 NAMENA - DOF NAME FOR EACH = X 1000
8 COEFNA - (REAL) COEFFS FOR EACH
GENERAL MATRIX
ROW 1 NULL ROW
ROW 2
1.00000E+00 1.00000E+00
ROW 3 NULL ROW
ROW 4 NULL ROW
ROW 5 NULL ROW |
9 TINA - START TIME FOR EACH = 0.00000E+00
0 T2NA - END TIME FOR EACH = 1.00000E+00
11 NC ~ NO. OF TYFE C = 2
12 NAMENC - DOF NAME FOR EACH = Y 1000
13 NSNCH - NO. OF TIME POINTS = 4
14 COEFNCY - (REAL) TIMES AND FORCES
GENERAL MATRIX
ROW 1 NULL ROW
ROW 2
1.00000E+00 1 .00000E+00
KOW 3
2.00000E+00 0.00000E+00
ROW 4
1.00000E+01 0.,00000E+00
15 NSNC2 -~ NO. OF TIME POINTS = 4

16 COEFNC2 -~ (REAL) TIMES AND FORCES
GENERAL MATRIX

104

X 2000

MURE. s a
0.00000E+00
1 .00000E+00
Y 2000
MORE. . .




EBH_ & NULL ROW

1.00000E+00 1.00000E+00

ROW 3 . _
2.00000E+00 0.00000E+00
ROW 4 -

1 .00000E+01, ©0.00000E+00
36 36 36 36 3 3 I I 36 I I I I 36 I I I I I I I I I I I I I I IE I I I I IE I I I IE I I I I I I I I I I I I I I I T I I I I I I I I I W I I WX
\ ]

RE-ENTER (Y OR N)

N :

DATA SET FORCE . FOR CGF2 SAVED ON Uf
COMPONENT, FORCE, OR N it
N

COMMAND
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2.2.14 CLG2 - Landing Gear.

2.2.14.1 CLG2 User Notes - The rigid body, strut, and tire degrees of freedom
are included automatically; however, degrees of freedom which are not required
can be eliminated. When eliminating degrees of freedom, if a given implicit
degree of freedom, a tire degree of freedom for instance, is expressed in
terms or some number of explicit degrzes of freedom (strut, rigid body) and
all but one or all of those explicit degrees of freedom are eliminated using
CLC, the implicit degree of freedom will become a fusction of the next set of
explicit degrees of freedom shown in the implicit coefficients table (RUN -
details). To avoid this problem: (1) if all but one explicit degree of fre-
edom are eliminated, in the model ds/CLC- must precede the data sets (ds/CLG2)
in which the explicit degrees of freedom occur; and (2) if all explicit
degrees of freedom are eliminated, the ds/CLC- which eliminates the explicit
degrees of freedom must be followed by a ds/CLC- which eliminates the implicit
degree of freedom and both must precede the data sets in which the explicit
degrees of freedom occur.

2.2.14.2 CLG2 Sample Input - Input is shown for a data set which represents
the starboard main landing gear of the ACAP helicopter. The gear strut is
canted at an angle of 16 degrees in a plane perpendicular to the longitudinal
axis of the fuselage; therefore, the strut Z-translation vector has components
in the fuselage Y and Z directions, and the strut X-translation vector is par-
allel to the fuselage X-axis.

The rigid body degrees of freedom have been named as fuselage implicit degrees
of freedom (CFM3) to take advantage of the automatic coupling feature. Note
that the local coordinate system defined for the implicit degrees of freedom
in the CFM3 data set must be consistent with the strut direction cosines.

Finally, the scrubbing coefficients are the coefficients of friction between
the ground and the tire for the specified directions. If the brakes-on condi-
tion is elected, the brake friction must be accounted for in the longitudinal
coefficient.
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NEW

NEW MODEL (Y OR N)

N

COMFONENT, FORCE, - OK N
CLG2

DATA SET

ACAPSTAR

SQVE FILE(R)U1 ) & e A)

Ui

STRUCTURAL COMPONENT CLG2 . LANDING GEAR

BEGIN INFUT
DESCRIPTION (UF TO 71 CHARACTERS)
STARBOARD MAIN GEAR
NAMEZS (DOF)

STRUT Z-TRANSLATION

DOF
ENTER 1 DOF VALUE (A4,I4)
TRAZ1030

NAMEXS  (DOF)
STRUT X~TRANSLATION
DOF
ENTER 1 DOF VALUE (A4,I4)
TRAX§030
NAMEYS  (DOF)
STRUT Y~-TRANSLATION
DOF
ENTER 1 DOF VALUE (A4,I4)
TRAY{030
NAMEAX  (DOF)
STRUT X~-ROTATION
DOF
ENTER 1 DOF VALUE (A4,14)
ROTX1030 4| %
NAMEAY  (DOF)
STRUT Y-~ROTATION
DOF

ARy

J
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ENTER ' DOF VALUE (A4, [4)
ROTY{1030

NAMEDL. (DOF)
STRUT ELONGATION
DOF
ENTER 1 DOF VALUE (a4,14)
LSTR1030
M1 (REAL)
TIRE MASS
ENTER 1 REAL VALUE
i

M2 (REAL)
STRUT MASS
ENTER 1 REAL VALUE

)

.0 (REAL)

UNDEFORMED LENGTH
OF STRUT

ENTER 1 REAL VALUE

>

JCO8 (REAL)
STRUT Z-TRAN DIR COS
WKRT FUSELAGE COORDS
NULL VECTOR (Y OR N)
N

ENTER 3 "EAL VALUE(S)
2

O 2743 . 4616

XC0s REAL)
SThe © X=TRAN DIR COS
WRT + LJELAGE COORDS

NULL VECTOR (Y OR N)

N

ENTER 3 REAL VALUE(S)

-

108

MORE. ..

MORE . ..



- o 0 e @0

NKL (INTEGER)
NO. OF DEF POINTS
STRUT ELONGATION SFRING

"ENTER § INTEGER VALUE(S)
)

~

- ca e game

COEFKLSL (REAL)

" STRUT DISPLACEMENT
ENTER 2 REAL- VALUE(S)
o

COEFKLSR (REAL)

STRUT SPRING RATE
NULL VECTOR (Y OR N)
N
ENTER 2 REAL VALUE(S)
2

e ane sote aag st

NCL ‘(INTEGER)

NO. OF DEF FOINTS

STRUT ELONGATION DAMPER
ENTER 1 INTEGER VALUE(S)
. .

&

s ame ame arag came

COEFCLY (REAL)

STRUT VELOCITY
ENTER 2 REAL VALUE(S)
a

~100 100
COEFCLDR (REAL)
STRUT DAMPING RATE
NULL VECTOR (Y OR N)
Y

e

NK X (INTEGER)

NO. OF DEF FOINTS

TIRE LONGITUDINAL SPRING
ENTER i INTEGER VALUE(S)
o
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COEFKXLD (REAL)
TIRE LONG DISFLACEMT

ENTER 2 REAL VALUE(S)
2 ,

COEFKXSR (REAL)

TIRE SFRING RATE
NULL VECTOR (Y OR N)
N
ENTER 2 REAL VALUE(S)
=

1503 1503
NCX (INTEGER)

NO. OF DEF FOINTS

TIRE LONGITUDINAL DAMFER
ENTER 1 INTEGER VALUE(S)
)

-~

COEFCXV  (REAL)

TIRE LONG VELOCITY
ENTER 2 REAL VALUE(S)
’., .

-100 100
COEFCXDR (REAL)

TIRE DAMPING RATE
NULL VECTOR (Y OR N)
N
ENTER 2 REAL VALUE(S)
ot ]

NKY (INTEGER)

NO. OF DEF FOINTS

TIRE LATERAL SPRING
ENTER 1 INTEGER VALUE(S)
s

A%

COEFKYLD (REAL)
TIRE LAT DISFLACEMT
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ENTER 2 REAL VALUE(S)

COEFKYSR (REAL)

"TIRE SPRING RATE -
NULL VECTOR <Y OR N)
N
ENTER 2 REAL VALUE(S)
i

1391 1394
NCY (INTEGER)

NO. OF DEF FOINTS

TIRE LATERAL DAMFER
ENTER § INTEGER VALUE(S)
2

~

COEFCYV  (REAL)

TIRE LAT VELOCITY
ENTER 2 REAL VALUE(S)
?

-400 100
COEFCYDR (REAL)

TIRE DAMPING RATE
NULL VECTOR (Y OR N)

N

ENTER 2 REAL VALUE(S)
- :

15 95

NKZ (INTEGER)

NO. OF DEF FOINTS

TIRE VERTICAL SFRING
ENTER i INTEGER VALUE(S)
p

COEFKZVD (REAL)
TIRE VERT DISPLACEMY

ENTER 2 REAL VALUE(S)
f‘)

-10 10
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COEFKZSR (REAL)

TIRE SFRING RATE
NULL VECTOR (Y OR N)
N
ENTER 2 REAL VALUE(S)
in’

2923 2923
NEZ CINTEGER)

NO. OF DEF FOINTS

TIRE VERTICAL DAMPER
ENTER 1 INTEGER VALUE(S)
72

-,

COEFCZV  (REAL)

TIRE VERT VELOCITY
ENTER 2 REAL VALUE(S)
D

~100 {100

COEFCZDR (REAL)

TIRE DAMFING RATE
NULL VECTOR (Y CR N)
N
ENTER 2 REAL VALUE(S)
o]

FRIC (Y OR N)
GROUND FRICTION

ENTER 1 Y OR N VALUE

Y

ERAKE (Y OR N)
BRAKES ON

ENTER 1 Y OR N ValLUE

cotn amem sov e ane

SCOX (REAL)
LONG SCRURRING COEFF

ENTER 1 REAL VALUE
2

112

MORE. ..

MORE. ..




(REAL)
LAT SCRUBRING COEFF
ENTER 1 REAL VALUE
ot}

48.709
36 36 3 36 3 I I O 6 I I A W 6 I I A A W I 6 I I K I I I I B I I I I I B I A I I A 3536 I I A I B I I I IR I I I I IR I IE I I A A X2
INPUT FOR STRUCTURAL COMFONENT CLG2. LANDING GEAR

f NAMEZS - STRUT Z-TRANSLATION = TRAZ1030

2 NAMEXS - STRUT X~TRANSLATION = TRAX1 030

3 NAMEYS - STRUT Y-TRANSLATION = TRAY1030

4 NAMEAX - STRUT X~-ROTATION = ROTX1030 .

S NAMEAY  ~ STRUT Y-ROTATION = ROTY{ 030

6 NAMEDL - STRUT ELONGATION = LSTR{030

7 Mi - TIKE MASS = 2.50000E-01

8 M2 ~ STRUT MASS = 1.00000E-01

9 Lo ~ UNDEFORMED LENGTH = 6.48900E+01

f0 Z20S ~ (REAL) STRUT Z-TRAN DIR COS

0.00000E+00 2.74300E-01 9.61600E-0f
i1 XCOS - (REAL) STRUT X-TRAN DIR COS
MORE. ..
1 .00000E+00 0.00000E+00 0.00000E+00 :

12 NKL ~ NO. OF DEF POINTS = 2

13 COEFKLSL - STRUT DISPLACEMENT = -1.00000E+01 1{.00000E+0f
14 COEFKLSR - STRUT SFRING RATE = 7.20000E+02 7.20000E+02
15 NCL ~ NO. OF DEF FOINTS = 2

16 COEFCLY =~ STRUT VELOCITY = -1.00000E+02 1.00000E+02
17 COEFCLDR - STRUT DAMPING RATE = 0.00000E+00 0.00000E+00
18 NKX - NO. OF DEF FOINTS = 2 .

19 COEFKXLD - TIRE LONG DISFLACEMT= —1i.00000E+01 {.00000E+0f
20 COEFKXSK - TIRE SPRING RATE = §.50300E+03 1.50300E+03
21 NCX - NO. OF DEF FOINTS = 2

22 COEFCXV  ~ TIRE LONG VELOCITY = —1.00000E+02 1.00000E+02
23 COEFCXDR - TIRE DAMFING RATE = 1.50000E+01 1.50000E+01
24 NKY - NO. OF DEF FOINTS = 2

25 COEFKYLD - TIRE LAT DISFLACEMT = —1.00000E+0f 1{.00000E+01
26 COEFKYSR - TIRE SFRING RATE = §.39100E+03 1.39100E+03
27 NCY - NO. OF DEF FOINTS = 2
28 COEFCYV - TIRE LAT VELOCITY = -1.00000E+02 {.00000E+02
29 COEFCYDR - TIRE DAMFING RATE = {.50000E+01 1.50000E+01
30 NKZ - NO. OF DEF FOINTS = 2
31 COEFKZVD - TIRE VERT DISFLACEMT= —1{.00000E+01 1.00000E+0f
32 COEFKZSR - TIRE SFRING RATE = 2.92300E+03 2,92400E+03

MORE. ..

113




33
34
35
36
37
38
39

NCZ
COEFCZV
COEFCZDR
FRIC
BRAKE
SCOX
Scay

NO. OF DEF FOINTS
TIRE VERT VELOCITY
TIRE DAMFING RATE
GROUND FRICTION
BRAKES ON

LONG SCRUBEBING COEFF=
LAT SCRUBRING COEFF =

it it

Q)
=1.00000E+02 1 .00000E+0OL
1.50000E+01 1.50000E+01

YES

NO -

3.24720E~01

4.87090E~-01

396 3636 36 36 96 36 36 36 06 6 3 36 6 6 0 06 3 06 B 2 I 96 336 I 6 3636 3 36 9E 336 3 3 36 06 36 36 3 36 36 3 3 36 36 06 06 369 06 2 3696 6 3 9 I o W XK N

RE-ENTER (Y OR N)

N

DATA SET ACAFSTAR FOR CLG2 SAVED ON Uf

COMFONENT,

N

COMMAND

FORCE, OR N
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2.2.15 CLS2 - Modal Lifting Surface.

2.2.15.1 CLS2 User Notes - Elastic modes must be defined along the principal
axis, but modal interpolation is performed to allow implicit coupling with
degrees of freedom defined at node points in the plane of the structure, but
not on the principal axis or coincident with the mode shape stations. Modes
must be obtained from a separate ana]ysis (see paragraph 2.2.1.1, CFHZ User

Notes)

For ease of input, wing inertias may be defined with respect to the CG or the

attachment point. Likewise, aileron inertias may be defined with respect to

the aileron CG or the hinge

The user has the option of choosing a left- or right-handed coordinate system
for the structure. If the symmetry option is elected, an opposite-handed co-
ordinate system will be automatically defined for the additional structure so

that degree of freedom definitions will be consistent, i.e., positive -Z direc-

tion defined in the same direction for both halves of the structure, positive
X outboard, positive Y aft. ~

2.2.15.2  CLS2 Sample Input - Input is shown for a data set for which a left
side (PORT) orientation has been selected for the initial coordinate defini-
tion (right-handed coordinate system). Motion of the wing has been restricted
to out-of-plane degrees of freedom, and a control surface has been defined aft
of the spanwise axis. Two implicit degrees of freedom, which could represent
stores or additional structure, have been defined at the wing tip. The orien-
tation of the local X, Y vectors coincides with that of the wing coordinate

system vectors. The symmetry option has been used to create a corresponding A

"right side" structure.
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NEW
NEW MODEL (Y OR N)
- !

COMPONENT, FORCE, OR N

CLS2

DATA SET

WNGAIL

SAVE FILE(R, Uf....)
Ui

STRUCTURAL COMFONENT CLS2

BEGIN INPUT

DESCRIFTION (UP TO 74 CHARACTERS)
WING - AILERON COMEINATION

o S o -

WING (ALFHA)
FORT OR STAREBOARD

ENTER PORT OR STAKR,

FORT ASSUMED IF OTHER THAN PORT OR STAR IS ENTERED
ENTER 4 CHARACTERS. (48/LINE)

o o o

REM (Y OR N)
_RIGID RODY MODES
ENTER § Y OR N VALUE

ISTA (Y OR N)
" STATIONWISE ¢(X)
ENTER 1 Y OR N VALUE

g o oo

ICHORD (Y OR N)

. "CHORDWISE (Y)
ENTER {1 Y OR N VALUE
N. :
I0P (Y OR N)

OUT OF PLANE (Z)
ENTER 1 Y OR N VALUE
Y .

» MODAL LIFTING SURFACE
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IPITCH (Y OR N)
PITCHING (X--X)

ENTER 1 Y OR N VALUE

IFLAP (Y OR N)
FLAFPING (Y--Y)
ENTER 1 Y OR N VALUE

ISWEEF (Y OrR N)
SWEEFING (Z--2)
ENTER .4 Y OR N VALUE

ATTXY (REAL) s glls
WING ATTACH NODE XY
X Y COORDINATES OF ROOT OF WING ELASTIC AX1S (IN)
RIGID BODY DOF DEFINED HERE

NULL VECTOR (Y OR N)

MORE. ..
RILERGN LS N
CONTROL SURF OFTION
ENTER 1 Y OR N VALUE

ore vese rout e ma

aIlLCG (REAL)
ATLERON CG XY (IN)

NULL VECTOR (Y OR N)

N

ENTER 2 REAL VALUE(S)

2

AILCI (Y OR N)

REFERENCE AXES AT CG

YES= INERTIAS ABOUT AILERON CG

NO = INERTIAS AROUT AILERON HINGE
ENTER 1 Y OR N VALUE

AILINERT (REAL)
AILERON INERTIAS
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{. MASS (LB)
2. IXX (LB-IN%%2) MOI ABOUT HINGE/AXIS THROUGH

3. 1YY MOI ABOUT AXIS THROUGH CG ,
4. IZZ MOI ABOUT OUT-OF-FLANE AX1S AT ﬂ}ﬁGE/CG
Y. 312 -
NULL VECTOR (Y OR N)
N
ENTER 5 REAL VALUE(S)
? A

HINGE (REAL)
REACTION FOINTS
ROWi{-- INEROARD X Y
- ROW2-- QUTBOARD X Y
TYPE MATRIX
(O=NULL), (i=DIAGONAL), (2=SYMMETRIC), (3=GENERAL)

3

INPUT RY ROWS OR COLUMNS (R OR C)

R

OPTION TO SPECIFY NULL ROWS (Y OR N)
N

FREFARE TO ENTER ROW 1
ENTER 2 REAL VALUES
2

12 -5

PREPARE TO ENTER ROW
ENTER 2 REAL VALUES
Lor ]

]

- e omn o

WINGCG (REAL)
. WING CG XY (IN) .
NULL VECTOR <Y OR N)

N
ENTER 2 REAL VALUE(S)

- = omn wn

WINGCI (Y OR N)

REFERENCE AXES AT CG

YES= INERTIAS ABOUT WING CG

NO = INERTIAS ABOUT ATTACH NODE
ENTER 1 Y OR N VALUE
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WINGINER (REAL)
WING INERTIAS

1. MASS (LB) 2. IXX

(LE-IN%%2)
NU‘LL VECTOR (Y OR N)
N
ENTER & REAL VALUE(S)
- R

F502 T4 43

- ——— o o

NMODE (INTEGER)

NO. OF ELASTIC MODES
ENTER 1 INTEGER VALUE(S)
2

£

s o s

NSTA (INTEGER)
NO. MODAL STATIONS

ENTER i INTEGER VALUE(S)

MSTAT (REAL)

MODE SHAFE STATIONS
NULL VECTOR (Y OR N)
N
ENTER 5 REAL VaLLEC(S)
3

05 10 15 20
IFCOMP (Y OR N)

IF COMFONENTS
ENTER 1 Y OR N VALUE

oven cves aate 200 asne

OFCOMP (Y OR N)
OF COMPONENTS
ENTER 1 Y OR N VALUE

TORCOMP (Y OR N)
TORSION COMPONENTS

ENTER 1 Y OR N VALUE

N

ol &
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OPMODE  (REAL)
MODES OF COMFONENT °
TYFE MATRIX
(O=NULL) , (3=GENERAL)
3
INFUT BY ROWS OR COLUMNS (R OR C)
R :
OFTION TO SPECIFY NULL ROWS (Y OR N)
N
FREFARE TO ENTER ROW 4
ENTER S REAL VALUES
)

e A

FREPARE TO ENTER ROW 2
ENTER 5 REAL VALUES

L]

OPSLOP (REAL)
OP SLOFES
TYPE MATRIX

(0=NULL) , (3=GENERAL)

?NFUT BY ROWS OR COLUMNS (R OR C)
SPTIUN TO SPECIFY NULL ROWS (Y OR N)
gREPARE TO ENTER ROW 1

ENTER 5 REAL VALUES

-.05 -.025 0 .025 .05
FREFPARE TO ENTER ROW 2
ENTER 5 REAL VALUES

MODINERT (REAL’
MODAL PROPERTIES
COLUMN 1. MODAL MASS --2. DAMPING --3. FREQUENCY
NMODE ROWS

TYPE MATRIX

(O=NULL), (3=GENERAL)

3
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éNPUT BY ROWS OR COLUMNS (R OR ©)

OPTION TO SPECIFY NULL ROWS (Y OR N)

N

FREFARE TO ENTER ROW {
ENTER 3 REAL VALUES

"~

.05 .08 114

PREPARE TO ENTER ROW 2
ENTER 3 REAL VALUES

<

.02 .03 555
NAUX (INTEGER)
NO. OF AUX NODES

OPTIONAL AUXILIARY NODES AT WHICH IMPLICIT DOFS ARE DEFINED

THEY NEED NOT BEAR ANY RELATION TO MODE STATIONS

ENTER i INTEGER VALUE(S)
i
XYAUX (REAL)

XY FOR EACH AUX NODE

TYPE MATRIX

(O=NULL) , (3=GENERAL)

3

INPUT RY ROWS OR COLUMNS (R OR C)

R

OFPTION TO STVECIFY NULL ROWS .(Y OR N)

N

PREFARE TO ENTER ROW
ENTER 2 REAL VALUES

?

- e

NODOF (Y OR N)
DOF Y OR N FOR NODES

COLUMNS---Y OR N FOR XAUX YAUX ZAUX PAUX FAUX SAUX

6 COLUMNS, NAUX ROWS
PREFARE T3 ENTER ROW L
ENTER 6 Y J9R N VALUES (35A2)
NNY N YN :
LOCVEC (REAL)

LOCAL XY VECTORS
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DIRECTION CQSINES FOR LOCAL XY VECTORS
WRT WING COORDINATE SYSTEM

6 COLUMNS, NAUX ROWS
TYPE MATRIX
{O=NuLi), (3=G<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>