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Section 1
SUMMARY *

This report provides user instructions and software descriptions
for the Base Program of the Coupled Rotor/Airframe Vibration
Analysis of Reference 1. The Base Program, SIMVIB, was developed
to simulate the dynamics of a coupled helicopter rotor and air-

frame. The program can be used as a design tool for predicting
helicopter vibrations. Parametric studies can be performed during
the preliminary design phase of an aircraft. The analysis is

capable of representing various dynamic configurations, including
fixed system and rotating system vibration absorbers and vibration
isolation devices.

Information is provided on the functional capabilities and pro-
cedures for running the SIMVIB program. Interfaces with external
programs are discussed. The method of synthesizing a dynamic
system and the various solution and operational modes are de-
scribed. A detailed description of the program input data . and
output results is presented. ' .

The section "Overall Program Structure" provides detailed informa-
tion on the overlay segmentation structure, flow diagrams, Fortran
subroutines descriptions, Common blocks, data transfer files,
storage size of the computer program, and necessary additions and
revisions for incorporating a new component.

Sample test case results are provided and discussed. The complete
input data and output results are included in this manual for five
representative cases. System responses are plotted to demonstrate
the plot capability of the SIMVIB computer program. The Job
Control Language (JCL) required to execute the computer program on
the IBM 370/168 is included. Program installation instructions
for the CDC system complete this user's manual.

Sample test case listings are provided for key test cases in their
entirety in Volume II of the Program Manual.

*The research effort which led to the results of this report
‘'was financially supported by the Structures Laboratory,
USARTL, (AVRADCOM).



Section 2

INTRODUCTION

The purpose of computer program SIMVIB is to simulate the coupled
dynamics of a helicopter rotor and airframe. The program can be
used as a design tool for predicting helicopter vibrations. The
analysis can predict vibrations for parametric studies conducted
in preliminary design. User features provided in the program
include minimum core storage, cost effective operation, and
interactive input/output options. The SIMVIB program has a
flexible capability for representing various dynamic configura-
tions, including fixed system and rotating system vibration
absorbers and vibration isolation devices. It is an advanced
design tool for coupled helicopter rotor/airframe vibrations,
which overcomes the deficiencies of other current programs. The
basis of the analysis is described in Reference 1.

This manual provides user's and programmer's instructions. The
instructions enable a user to prepare input to synthesize config-
urations for vibration analysis. Sample outputs are interpreted.
Program structure and subroutine functions are defined to a1d the
development of modifications.

Section 3

COMPUTER PROGRAM FUNCTIONAL CAPABILITIES

The Coupled Rotor/Fuselage Vibration Analysis is a package of
programs consisting of a Base Program, called SIMVIB, communicat-
ing with a set of External Programs to achieve a vibration model-
ing capability for helicopters. A substructure assembly method is
used in the .Base Program to assemble a dynamic model of the
helicopter from physical helicopter components contained in the
Base Program and External Program models of the rotor system. The
Base Program solution modes enable the user to obtain steady state
forced responses, eigensolutions, time history solutions, and
parameter variations yielding the effects of variations in system
properties. After the rotor data are transferred to the Base
Program, the Base Program functions in a stand-alone mode to yield
rapidly the effects of parameter variations on vibrations.
Stand-alone operation is achieved with a small core requirement.
The data flows between the Base Program and the External Programs
provide the user with wide latitude to select applications tai-
lored to user interest, aptitude, and convenience. Applications
range from simple use of the Base Program to obtain the effects of
parameter variations to more advanced configurations involving
External Programs. Input to the Base Program is designed to
provide an economical format requiring input only for components
selected by the user. Results are displayed for only those
components comprising the final system configuration.



Section 4

COMPUTER PROGRAM EXECUTION

The Base Program SIMVIB employs a substructure method for assemb-
ling a dynamic configuration. The substructure assembly method is
discussed in detail in Reference 1. The user specifies the number
and kinds of components or substructures making up the dynamic
system and the manner in which the separate components interact
with each other through connection nodes. The computer program
reads the input data for the system components, converts param-
eters to the internal units (foot, pound, second, and radian), and
prints out the component input data. The user may elect to read
data for the rotor model from external sources such as the '"Rotor
Aeroelastic Stability Analysis" (E927 program) described in
Reference 5 or the YRotor Aeroelastic Analysis" (G400 program)
described in Reference 3. The transformation matrix which relates
the set of dependent coordinates for the component assembly to the
final set of independent coordinates used to obtain the solution
to the equations of motion is developed. After forming the labels
needed to identify the output system coordinates, the computer
‘program proceeds to calculate the mass, damping, and stiffness
. matrices of the individual components and assembles the various
“matrices together. The system generalized forces are specified by
the. user. The final dynamic system equations can now be solved by
one of several methods selected by the user: eigensolutions (real
or complex), steady state forced response, or time history. The
final component responses are printed out and saved in a data file
for execution of the "Plot Package Program". Time history solu-
_tion results -can be stored in a separate data file for restart
conditions. :

Section 5

BASE PROGRAM .INTERFACING WITH EXTERNAL PROGRAMS

The Base Program SIMVIB communicates with four external programs,
as illustrated by the block diagram in Figure 1: G400 (Reference
3), E927 (Reference 5), RIEVA (Reference 6) , and the Plot Package
. (Reference 7). The transfer of data is done through file units
which are identified in Figure 2.

5.1 G400 Rotor Aeroelastic Analysis

The G400 Rotor Aeroelastic Analysis calculates the time history
response of conventional articulated, non-articulated, teetering
and composite bearingless rotors. The theoretical development is
presented in Reference 2. Instructions to execute the program are
found in Reference 3 and in this report in Appendix A, "“G400/F389
Coupled Program". The options available are uniform or variable
inflow, steady or unsteady aerodynamic airfoil data, radial flow,
blade mounted pendulum absorbers, higher harmonic control (HHC) of

3



‘blade pitch, and coupling with the F389 Rotor Induced Inflow

Program. The program calculates the hub excitation vector for a
fixed hub and the rotor impedance matrix relating 6 hub: forces and
moments to harmonic perturbations of the hub. The data are

written to unit 11 and then loaded into the Base Program. The
rotor hub excitation vector and impedance matrix are assembled
with .the mass, damping, and stiffness matrices of the internal
components by activating component RE3. The steady state forced
response mode, which is invoked through component FR1l, is used to
calculate the coupled system responses. The parametric variation
- option, PV1l, can be executed if changes in design characteristics.
need to be investigated.

5.2 E927 Rotor Aeroelastic Stability Analysis

The E927 Rotor Aeroelastic Stability Analysis prior to modifica-
tions made for the contract provided a description of the sta-
bility of coupled helicopter main or tail rotor/airframe systems. .
The analysis obtained linear stability characteristics for axial
flow or hover conditions from calculations of the eigenvalues and
eigenvectors of the coupled system. The analysis allows a maximum
of 24 blade degrees of freedom: up to four blade coupled flat-
wise/edgewise bending modes and two torsional modes plus blade
r1g1d flapping and lead lag motion. Each blade has a collective
and two cyclic rotor mode coordinates associated with it. The
rotor hub is represented by five displacements: longitudinal,
lateral, vertical, pitch, and roll. The trim rotor conditions mdy
derive from G400 or a similar analysis. The theoretical develop-
"ment of the analysis is presented in Reference 4. The instruc-
tions for executing the E927 program are avallable from Reference
5, and Appendix B of the present report.

For this contract the E927 program was modified to calculate only
mass, damping, and stiffness matrices associated with rotor and
hub coordinates. This specialization enabled the E927 model to be
represented as a substructure and to be coupled to other sub-
structures by means of the assembly method contained in the Base
Program. The mass, damping, and stiffness matrices are trans-
"mitted to the Base Program through unit 10. The rotor matrices
are then assembled with the matrices from the other system com-
ponents by activating the RE2 component and the eigensolution EG2
for systems with damping. The system stability is then determined
from an inspection of the calculated eigenvalues. Steady state
forced response can also be calculated if a rotor hub force and
moment excitation vector is input to the Base Program by activat-
ing components FR1 and GFl. The excitation data would be provided
by the G400 program or by any other suitable analysis.

5.3 RIEVA - Empennage Excitation Analysis

The RIEVA Empennage Excitation Analysis from Reference 6 calcu-
lates the N/Rev (N is the number of blades) unsteady aerodynamic
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loads ' induced by a rotor wake at an empennage which may be a
vertical or a horizontal surface. The RIEVA - utilizes rotor
induced velocities from the F389 program through unit 15. Lifts
and moments which affect the empennage are evaluated and then are
input to the Base Program as harmonic coefficients through the
substructure component GFl. The steady state forced response mode
(FR1) is used to provide a solution for the final coupled system.

5.4 Base Program Plot Package

Results from the Base Program are stored in unit 2 for processing
by the Base Program Plot Package. Execution of the plot program
is discussed in detail in Reference 7. The program can display
results for the different solution methods (eigensolutions, forced
response, and time history). Examples of output plots are avail-
able in this report in section 10, "Test Cases Descriptions and
Results?®. :

5.5 Refinement of External Rotor Model

The rotor model provided to the Base Program from the G400 program
can .be refined by executing the F389 Rotor Induced Flow Program
and the WABAT (Wing and Body Aerodynamic Technique) Program.

5.5.1 F389 Rotor Induced Flow Program

‘This program calculates the. velocities induced by the
rotor at the rotor disc or an empennage.- It can be.
executed in an iterative manner with the G400 analysis
to obtain the wvariable inflow field. Convergence is
obtained when the blade circulations and induced veloc-
ities are consistent from the two programs. Wake models
which can be utilized are classical (skewed helix) or
distorted wakes. The G400 and F389 programs communicate
. with each other by transfer of data through units 13, 16
and 23 (G400 to F389) and unit 14 (F389 to G400). More
details are in section 5.6, "Execution of the G400/F389
Coupled Program". The F389 program 1is described in
Reference 8. The F389 Program may also be used to
calculate the rotor induced velocities at an empennage
" as input to the RIEVA Program. The data transfer is
accomplished through unit 7. No iteration between the
F389 and RIEVA programs is performed. ' ‘

5.5.2 WABAT (Wing And Body Aerodynamic Technique) Program

This program provides the fuselage induced velocities at
the rotor disc to the F389 program through unit 15. No
iteration between the two programs 1is performed. The
WABAT geometry module is run before the potential flow
program to define the fuselage geometry, as indicated in
Figure 1. The WABAT plot package is executed to verify
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that the fuselage geometry input is correct. Additional
information on the WABAT program is avallable in Ref-
erences 9 and 10.

‘5.6 Execution of the G400/F389 Coupled Program

The G400 and F389 prbgrams have been coupled to allow the user
-three execution options:

1. G400 only
2. F389 only
3. G400/F389/G400 cycling operation

The options are controlled through an additional input quantity
specified on the first input card. A value of -2 specifies
execution of the F389 program alone , -1 or zero are used to run
G400 alone, while a positive number indicates the number of cycles
of G400/F389 to perform. Appropriate input for the G400 or the
F389 program (if run alone) is then loaded. In the uncoupled
mode, the G400 program calculates the time history response with
~ uniform or variable inflow (calculated from a previous F389 run).
Input needed to run the F389 program by itself can be punched out;
this includes blade physical data, airfoil section character-
istics, and non-induced axial velocities. If the coupled mode is
exercised, - the above input is passed through automatically from
G400 to F389 using units 13, 16, and 23 as shown in Figure 2.

The F389 program calculates the rotor induced velocities which are
- passed to the G400 program through unit 14 in the coupled mode or
can be punched out in cards for input to G400 when run alone.
when the coupled version is activated, a number of cycles can be
specified; one cycle consists of execution of G400, F389, and
G400. The accuracy of the rotor induced flow increases as more
iterations are performed, however, the computer time also increas-
es. One cycle normally requires 2 minutes of CPU (central proces-
sing unit) time, while two cycles require about 3 and one-half
minutes of execution time on the IBM 370/168 system. A trade-off
between variable inflow accuracy and computer time usage and cost
must be considered. '~ For additional information on the execution
of the G400/F389 Coupled Program refer to Appendix A, "G400/F389
Coupled Program'.

Section 6 _
OVERVIEW OF BASE PROGRAM COMPONENTS

This section provides an overview of the ten substructures pre-
sently available in the Base Program: BFl, BF2, BM1l, CN1, FAl,
GFl, ISl, MSl, RE2, and RE3. The four solution methods (EGl, EG2,
FR1, and TH1l) and the two operational modes (GEN and PV1) are also
outlined. A summary of the attributes of the SIMVIB program
components is provided in the last part.




6.1 Substructures Attributes

The substructures available with the Base Program are discussed in
detail in Reference 1. A summary of the substructures and a brief
description is presented in Table 1. Each substructure or com-
ponént is identified by a three-character name and is assigned by
the user a unique element number. The Base Program requires input
data for only those components identified by the three-character
name and element number. Several components may be present in the
synthesis of a dynamic system. One component may be connected to
another component by assigning the same connection node number
among the two components. When components are connected, the
displacements of the components at the point of connection are
equal. The specification of connections enables a system to be
synthe51zed from components. A component may be repeated several
times. For example, a dynamic structure may be represented by -
five normal mode shapes (MS1l). However, each MS1l component must
have a unique element number. The user should refer to section 7
entitled "Base Program Component User Information" for examples of
input data. .

6.2 Solution and Operational Modes Attributes

'The Base Program can employ four methods of solution to calculate

"the dynamic system responses. The methods are eigensolutions
(real and complex), forced response, and time history. Two
- operational modes are available also. These are parametric

variation and general control mode. The solution and operational
modes are summarized in Table 2 which includes a brief description
of each mode. 1If additional information is desired by the user,
Reference 1 should be consulted.

6.3 Summary of Component Attributes

A summary of the attributes of the Base Program components (10
substructures, 4 solution modes, and 2 operational modes) is shown
in Table 3. . This table provides the three-character name, the
number - (NDLOAD) of component-dedicated input locations (see
sections ‘9.7 and 9.8), the number (NWORK) of component-dedicated
work locations (see sections 9.7 and 9.8), the number of connec-
. tion nodes which may be used with each substructure, the total
number of coordinates, and the Fortran names assoc1ated with each
substructure output coordlnates

Section 7

BASE PROGRAM INPUT DESCRIPTION

This section contains information on the input data required to
execute the SIMVIB program. A description of the input case may
be provided through the use of up to four title cards. The input
data for the individual components then follow. Each component is
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at first identified by a three-~character name and a unique element
number. Component names and element numbers may be located in any
order; the computer program reads the data, checks for duplication
of element numbers, and processes the data to calculate the system
response. The individual components are coupled to each other
through the connection nodes.

Each connection node has associated with it three Euler angles
‘defining the angular orientation of a substructure relative to a
global axis system. When these angles are defined, one substruc-
ture may be connected to another with an arbitrary angular orien-
tation. All connection node displacements are resolved to global
axes and the system solution is obtained in terms. of coordinates
resolved to global axes (see Reference 1). ‘Figure 3 illustrates
the angular disposition of any local axis system relative to the
global system. For small Euler angle displacements, the Euler
angles may be identified with pitch, roll, and yaw displacements.
For large angles these names are not conventional. However, for
the sake of convenience the Euler angles 6, ¢, and ¥ are referred
to as pitch, roll, and yaw angles, respectively.- After the system
response has been obtained, substructure responses referred to
substructure local axes are recovered and are displayed as line

printer output or plot output. Coordinates which are not con-
nected - e.g. absorber mass displacement - are invariant to
rotations and have the same values in all axis systems. These

properties of the coordinates are dlscussed in Reference 1 (see
Substructure Assembly Method).

The component data are loaded three items per card. .The addi-
tional space on the input cards is reserved for comments to
provide a brief description of the input data. The input data for
the various substructures, solution modes and operational modes
employ the same format.

Any solution mode may be invoked for a dynamic configuration. The
only exception occurs when the rotor model component, RE3, from
the G400 analysis is used. In this case, the only solution method
applicable is the forced response solution (FR1l). The operational
mode, GEN, can be used for all cases. The parametric variation
mode, PV1, cannot be activated when a time history response
solution (TH1) is performed.

Several cases may be executed in succession (this is discussed in’
greater detail in the following section). Only revised or addi-
tional input data for the present components need to be loaded.
New components may not be introduced after the first case since
computer storage for components data is allocated for the first
case only. The final case must have the word STOP on the last
card.



7.1 Input Data Format

The card input format for the Base Program components is illus-
trated in Figure 4. Three different loader formats are used for
describing titles, component specification/multiple cases con-
trol/end of run, and component characteristics as described below.

1.

Titles (card 1)

oQa0ow

Up to four titles can be specified.

Each title is coded in columns 1 through 40.

Read format is 4A10 for CDC and 10A4 for IBM.
Titles are only read once for a complete run.

If results are to be plotted, then the first 3
titles will comprise the heading for each plot
while the fourth title will describe the abscissa.
For plotting purposes, 4 titles must be coded (the
second and third title may be blank cards). Column
1 must be blank for all 4 titles when the Tektronix
plot package is used. The fourth title is limited
to 15 characters (columns 2 -~ 16).

The exact image of the input titles is printed out
before the component input data images are printed.

Component Specification (card 2)

a.

b.

The component name, NAMl, is coded in columns 1
through 4, left adjusted. Format is A4.

Each component is a551gned a unique element number,
NB1. It is coded in columns 10 through 12, right
adjusted. Format is I3.

If input data are to be repeated for a component,

then COPY is coded in columns 18 through 21 and the
previous element number, NB2, is specified in
columns 25 through 27 (right adjusted -~ I3 format).

If no data are to be copied from a prev1ous com-
ponent, COPY and NB2 are not coded.

Comments may be added in columns 40 through 79.
Format is 4A10 for CDC and 10A4 for IBM.

Component Characteristics (card 3)

a.

The input location of the first data item on the
card, LOC, is located in columns 1 through 3, right
adjusted. Format is I3. The last input data card
for a given component has a minus sign in columns 1
or 2.

A delimeter comment, DEL, may be coded in columns 4
through 6 to separate the location number ‘and the
input data. Format is A3.



c. Up to 3 input values may be loaded per card. The
format field is 3G10.3.

d. Comments may be added in columns 40 through 79.

4. . Multiple Cards Control (card 4)

a. Card loader format is similar to that descrlbed in
section "Component Specification" above.
b. To run multiple cases, the control flags.END and

CASE are coded exactly as shown on card 4 in Figure
4 after the last input data card for the case.
c. The case number, NCS, is optional.

5. End of Run (card 5)

The last input data card contains the contrél flag STOP
coded in columns 1 through 4.

The loader is designed to allow the user to supersede data in a
card by inserting an additional card which contains new data.
'This card must be placed further down in the input stream than the
card whose data are to be replaced, and it must be placed in a
data region applicable to the component whose data are to be
modified. One or more cards may be modified. More than one card
may be used to provide a succession of modifications in the input
stream. This modification capability is designed to provide
flexibility in input preparation. A restriction is that if a new
value is zero, this new value must always be placed in columns 7
through 16 (first data field, Figure 4). Two examples of loader
data are presented in Figures 5 and 6. “

The first run in Figure 5, represents a forced response study
(FR1) of a system including a fixed system absorber (FAl), and a
single normal mode (MS1l) being excited by a longitudinal (x) force
(GFl) at a frequency range from 1.59 to 9.55 hz (PV1). The output
printout is not suppressed and the variable stored for three-
~dimensional plotting is the damping ratio of the fixed system
absorber (GEN). For plots, the abscissa is labelled "FREQUENCY
(HZ)", as indicated by the fourth title card. Only one case is
executed in this example. ,

The running of a second case with a new value of damping ratio in
FAl location 3 and GEN location 10 would cause new results to be
stored for the second damping ratio. The specification of a
damping value in GEN location 10 causes this value to be stored
for plotting. Successive cases similar to those described may be
run to store results corresponding to additional damping ratios.
A three-dimensional plot generated by the plot program consists of
two axes of abscissas and one axis of ordinates. In the sample
problem, the first axis of abscissas is the axis of frequencies.
The second axis of abscissas is the axis of dampings. The axis of

10



ordinates is the axis of system responses. A curve of variation
of system responses with frequency is displayed for each value of
damping. These curves are disposed on the second axis of ab-
scissas at points defined in GEN location 10. If the value in GEN
location 10 is not loaded (blank string), the plot package de-
faults  to displaying points on the second axis of abscissas
equidistantly.

The second run in Figure 6 calculates the time history response
(TH1) for. the:  system described above employing a second normal
mode (MS1l) introduced by the COPY command. Three cases are
executed using the END CASE commands. In the second case, the
fixed system absorber mass has been changed from 10 to 15 slugs;
the mass 1is increased to 20 slugs for the third case. The print-
out of the output results is eliminated by the control switch in -
GEN. For plots, the abscissa is labelled "TIME (SEC)".

Additional inputs are needed if elastic rotor representations
(component RE2 from the E927 program and component RE3 from the

G400 program) are utilized in a computer run. The E927 rotor
mass, damping, and stiffness matrices are written to unit 10 from
an independent execution of the E927 program. The Base Program

reads the rotor data from unit 10 in subroutine LK2RE2 and, after
conversion. to the proper internal units, they are printed out in
subroutine ASMMCK, if the debug switch is activated. A sample
output of the E927 matrices appears in Figure 7 for a rotor/
fuselage system with 17 degrees of freedom. The rotor impedance,
.higher harmonic control (HHC), and blade stress matrices, and the
force vector from the G400 program are input to the Base Program
through unit 11. Unit 12 may be used to transmit user input data
defining the impedance properties and force vector of a general
substructure. A sample input from unit 12 is shown in Figure 8.
The data are read in subroutine LK2RE3 and printed in PRTRE3 and
PRTSTR. A sample output is shown in Figure 9. No controls are
provided to suppress the input force excitation vector and rotor
impedance matrix display. -

7.2 Component Descriptions, Input Data Specifications, and
OQutput Coordinate Labels

Detailed descriptions are given in this section of the functions,
assumptions, and coordinates employed by components available in
the Base Program. Components comprise substructures, solution
modes, and operational modes. Input specifications are provided
for each component. Appendix B in Reference 1 defines the equa-
tions of motion for each substructure. Reference 1 also describes
the mathematical basis of the solution modes (see section Solution
Modes). :

11



Horizontal Linear Bifilar BF1

Horizontal 1linear bifilar BFl1l is a bifilar vibration
absorber designed to reduce N per rev vibrations in the
plane of rotation of ‘a helicopter rotor. The bifilar
absorber is assumed to consist of N arms equal in number
to the rotor blades. Each arm holds a pendular mass
free to lead or lag. The arms are assumed to be equally
disposed and each holds an equal absorber mass.  The
bifilar absorber rotates at the helicopter rotor speed.
Figure 10 1is a schematic of one arm of the bifilar.
Each bifilar mass lead-lag displacement may be expressed
as the sum of bifilar lead-lag collective and cyclic
displacements.

The BF1l substructure employs 8 coordinates consisting of
bifilar mass sine (y_) and cosine (y_) cyclic amplitudes
and 6 hub displaceménts. The reduced equation set has
constant coefficients. Restrictions on the configura-
tions that may be treated are that they must have three
or more equally disposed and equal masses. Pendulum
perturbations are assumed to be small enough to permit
linearization of the equations of motion. Solutions are
obtained in terms of the cyclic amplitudes y_ and y_.
Solution modes that may be used with BF1l are(%Rl, EGi,
EG2, and TH1. Initial values of bifilar mass cyclic
mode amplitudes may be specified for transient analysis.

HORIZONTAL LINEAR BIFILAR BF1l

INPUT DATA
Location Fortran :
No. Name Input Item Description . Units
1 NCN1 Connection node number nd
2 N Total number of bifilar masses . nd
3. MB Bifilar mass slugs
4 RR Distance from center of bifilar in
tracking hole to center of rotation
5 R Equivalent pendulum arm in
6 ZETGAM ‘Bifilar damping ratio ' nd
7 OMEGA Bifilar rotational speed rad/sec
8 THETA Euler pitch angle at node (©_) deg
9 PHI Euler roll angle at node (e,¥ deg
10 XS1I Euler yaw angle at node (© f deg
11 GAMMAC Bifilar mass cosine cyclic®initial
, amplitude deg
12 DGAMMC Bifilar mass cosine cyclic initial
velocity deg/sec
13 GAMMAS Bifilar mass sine cyclic initial deg/sec
amplitude velocity
14 DGAMMS Bifilar mass sine cyclic initial :
velocity deg/sec

12



HORIZONTAL LINEAR BIFiLAR BF1
COORDINATE LABELS

Coordinate ' Description
Symbol Code Output
yc " GAMMAC GAMC Bifilar mass cosine cyclic lead
‘ amplitude : :
ys GAMMAS GAMS Bifilar mass sine cyclic lead
amplitude
u X X Hub x linear displacement
v . Y Y : Hub y linear displacement
W 2 2 : Hub.z linear displacement
0, THTX THTX Hub roll displacement
0, THTY THTY Hub pitch displacement
-63 THTZ THTZ . Hub yaw displacement
7.2 Vertical Linear Bifilar BF2

Vertical linear bifilar BF2 1is a bifilar vibration
absorber designed to reduce N per rev vibrations per-
pendicular to the plane of rotation of a helicopter
rotor. The bifilar absorber is assumed to consist of N
arms equal in number to the rotor blades. Each arm
holds a pendular mass free to flap up or down. The arms
are assumed to be equally disposed and each holds an

equal absorber mass. The bifilar absorber rotates at
the helicopter rotor speed. Figure 11 is a schematic of
one arm of the bifilar. Substructure BF2 employs 9

coordinates consisting of bifilar mass collective (B_),
sine cyclic (B_.), and cosine cyclic (B_) amplitudes, and

6 hub displacements. Restrictions on €he configurations
that may be treated are that they must have three or
more equally disposed and equal masses. Solution modes
that may be used with BF2 are FR1l, EGl, EG2, and TH1.
Initial values of bifilar mass collective and cyclic
amplitudes may be specified for transient analysis.
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VERTICAL LINEAR BIFILAR BF2

INPUT DATA
Location Fortran
" No. Name Input Item Description Units
1 NCN1 Connection node number nd
2 N Total number of bifilar masses nd
3 MB - Bifilar mass slugs
4 RR Distance from center of bifilar in
, tracking hole to center of rotation
5 R Equivalent pendulum arm in
6 ZETBET Bifilar damping ratio nd
7 OMEGA Bifilar rotational speed rad/sec
8 THETA Euler pitch angle at node (0_) deg
9 PHI Euler roll angle at node (© ¥ deg
10 Xs1 Euler yvaw angle at node (6 deg
11 BETAO Bifilar mass collective iniItial
amplitude deg
12 DBETAO. Bifilar mass collective initial
: velocity ' g deg/sec
13 BETAC Bifilar mass cosine initial amplitude deg
14 DBETAC Bifilar mass cosine initial velocity deg/sec
15 BETAS Bifilar mass sine initial amplitude deg
16 DBETAS Bifilar mass sine initial velocity deg/sec
VERTICAL LINEAR BIFILAR BF2
COORDINATE LABELS
Coordinate Description
Figure Code Output
Bo BETAO BETO Bifilar mass collective
' flapping amplitude
B BETAC BETC Bifilar mass cosine cyclic
S flapping amplitude
Be BETAS BETS Bifilar mass sine cyclic
flapping amplitude
X X X Hub x linear displacement
Y Y Y Hub y linear displacement
Z Z A Hub z linear displacement
01 THTX THTX - Hub roll displacement
P THTY THTY Hub pitch displacement
O3 THTZ THTZ Hub yaw displacement

14



- 7.2.3  Substructure BM1

Beam Model 1, BM1l, is a uniform elastic beam. The
substructure has 12 coordinates consisting of 6 linear
and angular displacements at each of the two ends of the
beam. The beam may be connected to other substructures

at its ends. The uniform mass of the bean, m . is
approximated by two concentrated masses equal to m_/2 at
its ends. The beam is assumed to have zero mass moment

of inertia associated with bending and torsion rota-
tional displacements. Structural damping is assumed to
be zero. Figure 12 jillustrates BM1 properties.

BEAM MODEL BM1

INPUT DATA
Location Fortran
No. Name - Input Item Description Units
1 NCN1 Connection mode number at end 1 nd
2 NCN2 Connection mode number at end 2 nd
3 E : Young's modulus : psi
4 A Cross sectional area ft2
5 IYA © Second area moment about y-axis ft4
6 IZA Second area moment about z-axis ft4
7 GJ Torsional stiffness slug-ft/sec
8 MO ~ Beam mass o slugs
9 IXX Second mass moment about x-axis . slug-ft2
There is no provision in this pro-
gram version for representation of
rotary inertias in the BM1 equations
of motion.
10 IYY Second mass moment about y-axis slug-ft2
11 - 122 Second mass moment about z-axis slug-ft2
- There is no provision in this program
version for representation of c.g.
offset terms in the BM1l equations of
motion.
12 UcG Offset of beam c.g. from elastic
axis in the x-direction ft
13 VCG Offset of c.g. in the y-direction ft
14 wCG Offset of c.g. in the z-direction ft
15 LENGTH Beam length ft
16 THETA1l Euler pitch angle at node 1 ( yl) deg
17 PHI1 Euler roll angle at node 1 ( x1) deg
18 XSIl Euler yaw angle at node 1 ( z1) deg
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19

Input values of Euler angles at
node 2 must be equal to the values
at node 1. o

THETA2 Euler pitch angle at node 2 ( y2) deg
20 PHI2 Euler roll angle at node 2 ( x2) deg
21 XSsI2 Euler yaw angle at node 2 ( z2) : deg
BEAM MODEL BM1
COORDIEATE LABELS
Coordinate : Description
Symbol Code Output :
ug X1 X1 Node 1 x displacement
Vi Yl Y1 . Node 1 y displacement
Wi z1 21 Node 1 z displacement
(91)1 THTX1 THX1 Node 1 roll displacement
(82)1 THTY1 THY1 Node 1 pitch displacement
(03)1 THTZ1 THZ1 Node 1 yaw displacement
u, X2 X2 Node 2 x displacement
Vo Y2 Y2 Node 2 y displacement
Wo 22 22 Node 2 z displacement
(61)2 THTX2 THX2 Node 2 roll displacement
(02)2 THTY2 THY2 ' Node 2 pitch displacement
(63)2 THTZ2 = THZ2 Node 2 yaw displacement
7.2.4 Constraint Substructure CN1

16

Constraint substructure CN1l may be used to eliminate or
constrain coordinates at a connection node. There are.
six coordinates at each connection node (see Figure 13).
The coordinates consist of three linear displacements
and three angular displacements. The user may constrain
any five of the six coordinates at a connection node.
At least one coordinate among the six must be retained.

Constraint substructure CN1l may not be used in conjunc-
tion with modal substructure MS1 at the same connection
node. CN1 may be used to eliminate physical coordinates
at a node. Retained physical coordinates cannot then be
replaced by modal coordinates. Simultaneous elimination
of physical connection node coordinates and replacement
of retained coordinates by modal coordinates is accom-
plished by using zero mode shapes in an MS1 substructure.

Non-zero Euler angles (locations 8 to 10) are used to
constrain local coordinates; zero values constrain
global coordinates.



CONSTRAINT SUBSTRUCTURE CN1

INPUT DATA
Location Fortran-
No. Name Input Item Description Units
1 NCN Connection node mumber nd
2-7 CONSTR Constraint control switch nd
- If = 0, then degree of freedom (d.o.f.)
is constrained at connection node
If = 1, then d.o.f. is not restrained
Loc 2 controls x d.o.f. at node
Loc 3 controls y d.o.f. at node
Loc 4 controls z d.o.f. at node
Loc 5 controls ex d.o.f. at node
Loc 6 controls 6. d.o.f. at node
Loc 7 controls eg d.o.f. at node
8 THETA Euler pitch angle (©_.) at node deg
9 PHI . Euler roll angle (6 ¥ at node deg .
10 XS1 Euler yaw angle (ez§ at node) _ deg

Location

No.

Constraint substructure CN1 coordinate output labels are
the same as the coordinate labels obtained from the
component constrained by CN1. If constraint coordinate
CNl1l is used to constrain 5 BM1l connection coordinates at
a connection node, and the remaining coordinate is w at
node 1, the output label of this coordinate will be Z,-

Eigensolution for Systems Without Damping EG1

This eigensolution mode yields the frequencies and mode
shapes of structures without damping. Matrices must be
constant w.r.t. time. The effects of changes in
physical properties on mode shapes and frequencies may
be determined. These effects may be used to aid the
interpretation of the effects of design variables on
normal modes and vibratory response. Section 8.3
describes the 1line printer output displayed by EG1.

COMPONENT EGl INPUT DATA

Fortran
Name Input Item Description Units

1

IDEBUG Set = 0 for no debug printout - nd
' default value :
Set = 1 display M and K matrices
in substructure and system equations
of motion
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Eigensolution for Systems with Damping EG2

The eigensolution mode for systems with damping is used
to provide ' information on the stability of coupled
systems. These systems may include rotor representa-
tions which embody dynamic and aerodynamic matrices
derived from rotor aeroelastic analysis E927. - Stability -
information may be used to supplement the steady state
vibratory response data for a system to provide more
data on system attributes. Section 8.3 descrlbes the
line prlnter output displayed by EG2.

 COMPONENT EG2 INPUT DATA

Fortran

Location : o
No. Name - Input Item Description Units
1 IDEBUG  Set = 0 for no debug prlntout - nd
: : default value
Set = 1 display M, C, and K matrices
in substructure and system equations
of motion.
7.2.7 Substructure FAl

18

The function of substructure FAl is to simulate a
vibration absorber which may be attached to any other
substructure in the fixed (non-rotating) system.
Substructure FAl has seven coordinates. These are
absorber mass displacement and six displacements of the
base consisting of three linear displacements and three
angular displacements. The mass of the absorber is free
to move perpendicular to the base. . The mass of the
absorber is not free to move parallel to the base.
Viscous damping 1is assumed. Figure 14 illustrates
substructure FAl properties. 1Initial mass displacement
and velocity may be specified for transient response
analysis.



FIXED ABSORBER FAl INPUT DATA

Location Fortran

No. Name ‘ Input Item Description Units
1 NCN Connection node number nd
2 MO Absorber mass slugs
3 ZETA Absorber damping ratio nd
4 KO Absorber stiffness 1b/ft
5 IXX Second mass moment about x-axis slug-ft2
6 IYY Second mass moment about y-axis slug-ft?2
7 122 Second mass moment about z-axis slug-ft2
8 THETA Euler pitch angle (©_) at node deg
9 PHI Euler roll angle (© ¥ at node deg
10 XsiI : Euler yaw angle (© § at node - deg
11 DELTA Initial displacemeﬁt of absorber
mass : ft
12 DDELTA Initial velocity of absorber mass ft/sec
FIXED ABSORBER FAl COORDINATE LABELS
Coordinate Description
Symbol Code Output :
DELTA DELT. Absorber mass displacement
u X X Base X linear displacement
v Y Y Base y linear displacement
W Z oz ‘Base z linear displacement
0, THTI THTX Base roll displacement
0, THT2 THTY Base pitch displacement
O3 THT3 ‘THTZ Base yaw displacement
7.2.8 Steady State Forced Response FR1

The harmonic steady state forced response mode of
calculation FR1l yields the harmonic coefficients of
response to a steady harmonic excitation. The system
equation reduces to an algebraic equation which is
solved to obtain the harmonic coefficients of response.
Speed of calculation in the FR1 mode is high and the
method is suitable for parametric design studies with
component PV1l. Section 8.3 describes the line-printer
output displayed by FR1.
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Location
No.

COMPONENT FR1 INPUT DATA

Fortran , ‘
Name Input Item Description . Units

1
2

OMEGA Forcing frequency hz
IDEBUG Debug control switch
Set = 0 for no debug printout - nd
default value
Set = 1 to display M, C, and K
matrices and force vectors for sub-
structures and assembly, and solution
vector for assembly at solution step.
ICONVG If = 0, results are displayed as nd
displacements (ft)
If = 1, results are displayed as
accelerations (g's)

20

General Control Mode, GEN

The general control mode, GEN, is designed to provide a
basis for the application of general controls to a case.
In the present version of the Base Program, GEN provides
input which may be used to suppress line printer output.

When line printer output is suppressed, only the input

echo, and coordinate solution list for one iteration
(parameter variation or +time step) are displayed.
Solution data are stored on the plot file. The coordi-
nate 1list is then used to identify. variables to be
plotted. Suppression of line printer output minimizes
hard copy 1line printer output. A further control now
present in GEN permits a numerical value to be specified

- for an independent variable on the first axis of ab-

scissas. The second axis of abscissas may contain the
value of the mass of a vibration absorber varied in a
design study. The axis of ordinates would contain
vibratory response of the system. If the wvariable
occurring on the second axis of abscissas is not speci-
fied, the plot package displays curves corresponding to
points on the second axis equidistantly. If the GEN
string is not loaded, the GEN mode is not invoked and
its input is not required.



Location Fortran

No.

Name

COMPONENT GEN INPUT DATA

Input Item Description '~ Units

1

CNTL1

CNTL2

Final results control switch nd

If = 0, suppress full line printer
output-default value

If = 1, get line printer output

When output is suppressed a coordinate list of
coordinate numbers and names is displayed for
the first solution step. Coordinate numbers
are tabulated against element number and
coordinate name. The values of coordinate
responses are stored for plotting at each
solution step and are printed only at the
first step. When coordinates are substructure
connection node displacements, these dis-
placements are referred to substructure local
axes. Unconnected coordinates - e.g. vibra- .
tion absorber mass displacement - and modal
coordinates are in-variant to axis rotations.
The first solution step may yield the response
vector obtained for the first value of a
parameter in a parameter variation mode or for
the first time instant in a time history
solution. When the plot package is invoked,
the user uses the first step coordinate list
to identify and key in the coordinate numbers
of the coordinates that are to be plotted.

Input narrative control swtich
If = 0, suppress printout - default value
If = 1, display input narrative

Open locations for future use

Independent variable for 3-dimensional plots.
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‘ 7.2.10

22

A three-dimensional plot generated by the plot
program is based on two axes of abscissas and
one axis of ordinates. The axis of ordinates
contains the wvalues of the responses of a
coordinate of the system (referred to sub-
structure local axes in the case of connection
node displacements). A curve of variation of
response with values along the first axis of
abscissas is placed on the second axis at a
position corresponding to the value in loca-
tion 10. If a blank string is loaded in lo-
cation 10 the plot package defaults to dis-
playing curves equidistantly on the second
axis of abscissas.

Substructure GF1l

Generalized Force 1, GFl, permits the specification of a
harmonic force and moment excitation acting at a point
on a structure. The GFl substructure has six coordi-
nates, comprising three linear and three angular dis-
placements at a connection node. Forces and moments are
resolved to  a non-rotating axis system. The user

. specifies the cosine and sine coefficients of these

forces and moments to define a harmonic excitation of
known magnitude. The mass, damping, and stiffness
matrices for. - substructure GFl1l are null matrices.
Substructure GFl may be used to represent an excitation
for forced response (FR1l) and time history (TH1) solu-
tion modes. Substructure GFl may be included in eigen-
solution (EG1 and EG2) input streams without affecting
the final eigensolution. Figure 15 illustrates GFl
properties. Substructure GF1 may be used to define a
point at which vibrations are to be minimized by appli-
cation of higher harmonic control inputs. The HHC mode
is invoked by setting IHRESP = 1. In this mode, a

‘weighted sum of the six responses at the connection node

to which GFl is attached is minimized. Weighting
factors are placed in GFl loader locations following the
HHC flag IHRESP. The performance index to be minimized
and the basis of the minimization method is described in
Reference 1. When the HHC mode is invoked, it is neces-
sary to employ substructure RE3 to read HHC matrices
transmitted to the Base Program (SIMVIB). Rotor aero-
elastic analysis G400 must be run in a stand alone mode
to place rotor impedance and HHC data on files. Cases
14 to 16 in Table 13 illustrate the use of GFl without
and with HHC.



Location Fortran

GENERALIZED FORCE GFl1 INPUT DATA

No. Name Input Item Description Units
1 NCN Connection node number nd
2 THETA Euler pitch angle (6_) deg .
3 PHI Euler roll angle (6 deg
4 XSI Euler yaw angle (6 deg
5 FXCOs Coefficient of cosine term in harmonic
force excitation in x direction 1b
6 - FXSIN Coefficient of sine term in harmonic
: force excitation in x direction 1b
7 FYCOS Coefficient of cosine term in harmonic ,
force excitation in y direction 1b
8 FYSIN Coefficient of sine term in harmonic
force excitation in y direction - 1b
9 FZCos Coefficient of cosine term in harmonic
. force excitation in z direction 1b
10 FZSIN Coefficient of sine term in harmonic :
force excitation in z direction "1b
11 FT1COS Coefficient of cosine term in harmonic.
' moment excitation in x direction ft-1b
12 FT1SIN Coefficient of sine term in harmonic
_ moment excitation in x direction ft-1b
13. FT2COS Coefficient of cosine term in harmonic
. moment excitation in y direction ft-1b
14 -FT2SIN Coefficient of sine term in harmonic .
moment excitation in y direction ft-1b
15 FT3COS Coefficient of cosine term in harmonic .
. _ moment excitation in z direction ft-1b
16 FT3SIN Coefficient of sine term in harmonic
moment excitation in z direction ft-1b
17 IHRESP Control switch for HHC option nd
= 0 do not activate option
= 1 activate option to minimize a
weighted sum of responses at the
HHC connection node by application
. of HHC control inputs
18 WzX Weighting factor for X response in
HHC mode nd
19 wzZYy Weighting factor for Y response in
. HHC mode nd
20 WZZ Weighting factor for Z response in
‘ HHC mode nd
21 WZWX Weighting factor for ex response in
HHC mode nd
22 W2WY Weighting factor for eY response in
HHC mode . nd
23 WZWZ Weighting factor for Oz response in
HHC mode : nd
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GENERALIZED FORCE GFl COORDINATE LABELS

Coordinate | , Description
Symbol Code - Output
u X X Node x linear displacement
v Y Y Node y linear displacement
\4 pA 2 Node z linear displacement
0, THT1 THTX Node roll displacement
SN THT2 . THTY Node pitch displacement
O3 THT3 THTZ Node yaw displacement
7.2.11 Vibration Isolator ISl

24

~ Vibration isolator ISl is a nodal isolator which may be

placed between an excitation source, like the rotor/
transmission system, and a fuselage to minimize wvibra-
tions at the fuselage. In its essential form, the
isolator employs a pivoted bar weight to balance spring
and inertia forces to create a node or point of zero
vibration motion at- the fuselage attachment. When
damping is present, vibrations are minimized at the

-fuselage attachment at the excitation frequency (N per

rev for an N bladed rotor). Nodal isolator ISl employs
18 coordinates. Figure 16a illustrates a physical
isolator and Figure 16b is a schematic corresponding to
the physical isolator. The schematic shows two anti-
resonant bar weights. The lower bar weight is a math-
ematical bar weight permitting additional design flexi-
bility. It has no counterpart in Figure l1l6a. There are
two attachment (connection) nodes. Each connection node
is allowed to have three translational and three rota-
tional displacements,. The upper connection node A would
be. attached to a rotor/transmission system. The lower
connection node B would be attached to a fuselage; this
is the point where vibrations are to be minimized. Each
antiresonant bar weight has three translational degrees
of freedom. Antiresonant bar flexibilities and bar
dampings may be introduced by modifying the effective
mass of the antiresonant bar weight with factors employ-
ing the bar natural frequencies and dampings (locations
50 to 55).



COMPONENT IS1 INPUT DATA

Location Fortran Input Item Description Units
No. Name :
1 NCN1 Connection node number 1 nd

2 NCN2 Connection node number 2 nd
3 AL Distance between node 1 & pivot 2 in
4 BL Distance between pivot 2 & Y-2 in
isolator
5 CL Distance between pivot 2 & node 2 in
6 DL Distance between pivot 2 & X isolator in
7 w1l Anti-resonant bar weight of Y-2 1b
o - isolator (mass 1) '
8 . XI11ly Y-Z isolator mass moment about y-axis in-lb-sec?
9 XI1z Y-Z isolator mass moment about z-axis in-lb-sec?
10 w2 Anti-resonant bar weight of X 1b
isolator (mass 2)
11 XI2y X isolator mass moment about y-axis in-l1b-sec?
12 TKTX Stiffness between pivot 1 & node 1 1b/in
in x direction
13 TKTY Stiffness between pivot 1 & node 1 1b/in
o in y direction : '
14 TKTZ Stiffness between pivot 1 & node 1 1b/in
‘ ) in z direction , :
15 " TKEX Stiffness between pivot 1 & node 2 1b/in
in x direction
. 16 TKEY Stiffness between pivot 1 & node 2 1b/in
: in' y direction
17 TKEZ Stiffness between pivot 1 & node 2 1b/in
in z direction
18 TKAX Stiffness between pivot 2 & node 2 l1b/in
: in X direction
19 TKAY Stiffness between pivot 2 & node 2 1b/in
‘ in y direction
20 TKAZ stiffness between pivot 2 & node 2 1b/in
, ' in z direction
21 RKTHB Rotational stiffness of node 2 about -"in-l1b/rad
y-axis
22 RKTHT Rotational stiffness of pivot 2 about in-lb/rad -
: y-axis
23 RKPHT Rotational stiffness of pivot 2 about in-1lb/rad
z-axis
24 TCTX Damping ratio of damper in parallel nd
with spring TKTX
25 TCTY Damping ratio of damper in parallel nd
with spring TKTY
26 TCTZ Damping ratio of damper in parallel nd

with spring TKTZ
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40

27

28

29

30

31

32

33

34

35

36

37

38

39

41

26

42

43

44

45

46

TCEX

TCEY

TCEZ

TCAX

TCAY

TCAZ

RCTHB

RCTHT

RCPHT

WAX

WAY

WAZ

WTHB

Damping ratio of

with spring TKEX

Damping ratio of
with spring TKEY
Damping ratio of
with spring TKEZ
Damping ratio of
with spring TKAX
Damping ratio of

damper
damper
damper
damper

damper

with spring TKAY -

Damping ratio of
with spring TKAZ
Damping ratio of

‘with RKTHB

Damping ratio of
with RKTHT
Damping ratio of
with RKPHT

damper

spring

spring

spring

in
in
in
in
in
in
in
in

in

paralleli

parallel
parallel
parallel

parallél

parallel‘

parallel
parallel

parallel

NOTE:

Damping is calculated from
TCTX1=2 * TCTX * TKTX/WTX, l1lb sec/in
_If'WTX=0, then TCTX1=Q.

Locations 36 to 47 permit the user
to input values of frequencies re-

quired in the formulas for dampings

contributed by damper

Frequency
of damper
Frequency
of damper
Frequency
of damper
Frequency

. of damper

Frequency
of damper
Frequency
of damper
Frequency
of damper
Frequency
of damper
Frequency
of damper
Frequency
of damper
Frequency
of damper

required to
in parallel
required to
in parallel
required to
in parallel
required to
in parallel
required to
in parallel
required to
in parallel
required to
in parallel
required to
in parallel
required to
in parallel
required to
in parallel
required to
in parallel

elements.
define value
with TKTX
define value
with TKTY
define value
with TKTZ
define value
with TKEX
define value
with TKEY
define value
with TKEZ
define value
with TKAX
define value
with TKAY
define value
with TKAZ
define value
with RKTHB
define value
with RKTHT

nd
nd'
nd

nd

nd

nd

nd

nd

nd

hz

hz

hz

hz

hz -

hz

hz

hz

hz

hz

hz



47

48

49

50

51

52
53
54

55

56

57

58

59

WPHT

 I3D2D

IFLEX

RXYM1
RXZM1
RXZM2
DXYM1

DXZM1

.DX2ZM2

THETAl
PHI1
XSI1

THETAZ2

Frequency required to define value
of damper in parallel with RKPHT
Isolator type flag. Set = 2 for
2-D or Y-Z isolator type. Set = 3

for 3-D or Y-Z and X isolator type. -

When the flag is set to 2, the
terms contributed by the second
(lower) anti-resonant bar weight
are removed from the isolator
equations of motion. When the

flag is set to 3, both anti-
resonant bar weights are repre-
sented.

Isolator bar flexibility effects
option. If = 0, no flexibility
effects. If = 1, include flex-
ibility effects.

Note: isolator bar flexibility
effects are applied to the isola-
tor weights and mass moments of
inertia using the amplification
factor calculated from the fre-
quency ratio (forcing/natural) and
critical damping values input in
the following locations.

Y~Z isolator bar frequency ratlo in
X-Y plane

Y-Z isolator bar frequency ratio in

X~-2 plane

X isolator bar frequency ratio in

X-Z plane

Y-Z isolator bar critical damplng in

X-Y plane '

Y-Z isolator bar critical damping
in X-Z plane

X isolator bar critical damping

-in X~-Z plane

Euler pitch angle at connection
node 1 (6yl)

Euler roll angle at connection node
1 (ex1l)

Euler yaw angle at connection node 1

(6zl1)
Euler pitch angle at connectlon node
2 (6y2).

The Euler angles at connection node
2 must be equal to the Euler angles
at connection node 1.

hz

nd .

nd
nd
nd
nd
nd
nd
deg
deg
deg

deg
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60

61

62

63

64
65
66
67

'6l8

69

70 .

71
72

73

PHIZ2
XSI2
XT

DXT

DYT
aT

DZT

DXB

DYB

ZB

DZB

Euler roll angle at connection
node 2 (6x2)

Euler yaw angie at connection node
2 (6z22)

Initial X displacement of anti-
resonant bar weight 1

Initial X velocity of anti-
resonant bar weight 1

Initial Y displacement of anti-
resonant bar weight 1

Initial Y velocity of anti-
resonant bar weight 1

Initial Z displacement of anti-
resonant bar weight 1

Initial Z velocity of anti-resonant
bar weight 1

Initial X displacement of anti-
resonant bar weight 2

Initial X velocity of anti-resonant
bar weight 2

Initial Y displacement of anti-
resonant bar weight 2

Initial Y velocity of anti-resonant
bar weight 2 :

Initial Z displacement of anti-
resonant bar weight 2

Initial Z velocity of anti-resonant
bar weight 2

deg
deg
in
in/sec
in
in/sec
in
in/sgc
in
in/sec
in
in/sec
in

in/sec
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7.2.12

Location
No.

Modal Substructure MS1

Modal Substructure MS1 represents a dynamical system
employing normal modes of a substructure. Each sub-~
structure of type MSl is 1limited to the use of one
normal mode. The user must supply input defining the
modal generalized mass, damping ratio, and frequency of
the normal mode. These properties may derive from
analysis or from test data. Processing in the program
forms damping and stiffness of the mode from the input
data. Each substructure of type MS1l is allowed to have
up to five nodes. At each node, structure orientation
angles and elements of the modal matrix for the normal
mode are defined. At each such node, the elements of
the modal matrix are three ' linear and three angular
displacements for a unit wvalue of the normal mode
amplitude. The directions of the displacements at a
node must be the same as the directions in Figure 13.
The specification of the same node number: among two
substructures of any type leads to the connecting of the
two substructures at the node. More than one modal sub-
structure of type MS1l is connected to the same node when
it is desired to represent the effects on a node of
several normal modes. Nodes on MS1l substructures may be
used to define fuselage modes at up to five points. If
a physical substructure is not connected to a node at
which responses are desired, these responses may be
displayed by connecting a GF1l substructure to the node
of interest, with zero forcing coefficients. The GF1l
substructure contributes no matrices or forces to  the
system. It introduces physical displacements at the
node which become members of the set of dependent system
coordinates which are used to monitor the node response.
Initial modal amplitudes and velocities may be specified
to analyze transient system response.

COMPONENT MS1 INPUT DATA

Fortran Input Item Description ~ Units
Name

ZETA Modal Damping ratio: | nd

MO Modal Generalized mass lb-sec2/in

OMEGA Modal Frequency hz

NNODE Number of connection nodes allow- nd
ing the substructure to be con-

nected to other substructures
(maximum of 5)
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+10-39

30

5-9

NODE

GAMMA

Connection node numbers _

A representation of a normal mode
structure with M (greater than one)
normal modes is achieved by con-

"necting M substructures of type MS1l

to the same connection node. The
value of M can be any number which
does not cause. the system to be
solved to exceed the working stor-
age allocation in the Base Program
(see section 9.7 for control of
working storage size).

Mode shapes at connection nodes.

For each node specified in locations
5-9, define elements of the modal
matrix at the node contributed by
the normal mode. The 6 modal matrix

elements are: U (longitudinal), V
(lateral), W (vertical), THETAX
(roll), THETAY (pitch), THETAZ
(yaw). ' ' ~

Ex. loc. 5-9 contain 2, 5, 6; 8, 9.

nd

in/in &
rad/in

Then, loc 10-15 has mode shape for node 2,

loc 16-21 has mode shape for node 5,
loc 22-27 has mode shape for node 6,
loc 28-~33 has mode shape for node 8,
loc 34-39 has mode shape for node 9.
The monitoring of the response at a
point on a normal mode structure
which is not connected to another
physical structure may be achieved
by connecting a GFl1 substructure to
the point of interest. The forces
in the GFl substructure input are
-equated to zero. The GFl substruc-
ture has null mass damping, and
stiffness elements and six dis-
placements at the connection node.
The GF1 substructure does not affect
the system response. The values of
the displacements at the connection
node are calculated from the assem-
bled system solution coordinates and
are displayed as line printer output
or are saved for plotting. The user
may constrain one or more of these
displacements from being displayed
by nulling the mode shape elements



at the node in the senses which are
not of interest-e.g., the rotational
elements of the mode shape at the
node would be equated to zero.

*40~54 EULER Euler angles input. ' deg
For each node specified in loc 5-9,
input in sequence THETA (pitch), PHI
(roll), XSI (yaw). Ex. for modes
specified above, then ' :
loc 40-42 has Euler angles for mode 2,
loc 43-45 has Euler angles for mode 5,
loc 46-48 has Euler angles for mode 6,
loc 49-51 has Euler angles for mode 8,
loc 52~54 has Euler angles for mode 9.
- 55 - Not presently used
56 0 Initial modal amplitude ' in/in
57 DO - Initial modal velocity , sec™t
7.2.13 Parameter Variation Mode (PV1)
The parameter variation mode, PV1, is used to identify a
parameter which is to be changed in design studies and
the range of values to be assumed by the parameter.
This operational mode provides a convenient and general
‘mode of selection of parameters to be varied among the
substructures available in the Base Program and flagged
in the input. Up to 10 parameters from any of the sub-
structures may be varied simultaneously. The user
specifies in the input to PVl the element number and
loader input location number of a component to identify
'the parameter to be wvaried. The three character string
PVl triggers the input for PVl. 1If the PVl string is
not loaded, the parameter variation mode is not invoked,
and its input is not required.
COMPONENT PV1 INPUT DATA
Location Fortran Input Item Description Units
No. Name
1 FIRSTV Starting value of parameter to be (as appro-
changed in design study ‘priate)
2 FINALV Final value of parameter to be {as appro-
changed in design study priate)
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" NPTS Number of points of parameter nd

32

3
' variation
4-23 NEL Element number and corresponding nd
location of parameter to be varied
(up’ to 10 pairs can be loaded).
Ex., conduct parametric studies of
variations in fixed absorber weight
(FA1l) and forcing frequency in the
range of 5 to 20 (slugs or Hz) in
steps of 5. :
If FAl is element No. 3 and FR1l is
element No. 6, then PVl input is:
Loc 1 5. (Starting Value)
Loc 2 20. (End Value) '
Loc 3 4. (No. of Cases)
Loc 4 3. (FAl Element No.)
Loc 5 2. (Location of weight)
Loc 6 6. (FR1 Element No.)
Loc 7 1. (Location of. Frequency)
$7.2.14 'Rotor Aerocelastic Substructure RE2

Rotor aeroelastic substructure RE2 is used to represent
a multi-blade aeroelastic rotor in hover. The function
of this component is to read rotor matrices transmitted
to a file by rotor aerocelastic analysis E927 and to
prepare the rotor data for assembly with other compon-
ents. Standard application of RE2 is in conjunction
with eigensolution mode EG2.

The use of component RE2 is preceded by stand-alone
application of E927. Rotor aercelastic analysis E927 is
an external program in the program package yielding the
mass, damping, and stiffness matrices of a multi-blade
elastic rotor in hover. The analysis is based on the
assumption of linear perturbations about a given rotor

trim state. Blade coordinates comprise flapping,
leading, pitching, - coupled flatwise/edgewise bending
modes, and uncoupled torsion modes. Five hub displace-
ments are represented. These are shown in Figure 13,

except that the hub is restrained from yawing. Blade .
coordinates are transformed to rotor modes. Rotor modes
consist of collective and first cyclic sine and cosine
functions of rotor speed. Use of rotor coordinates in
the rotor equations, and the assumption of equal blades,
equally disposed on the rotor disc, enables a constant

coefficient equation set to be derived. Rotor coord-

inate selection is made in the input specification to



E927. Rotor aerocelastic analysis E927 transmits to a
file the number of coordinates, flags defining coord-
inates selected, and corresponding mass, damping, and
stiffness matrices. Matrices embody dynamic and aero-
dynamic contributions. The three character string RE2
in the Base Program input stream triggers reading of
data and Base Program processing required to represent
the aeroelastic rotor. File data are read by the Base
Program. Numerical input data following the RE2 flag
consist of hub connection node number and hub orienta-
tion angles. Processing by the Base Program includes

"the addition of a dummy yaw coordinate. 2Zero mass,

damping, and stiffness matrices are created for this

. coordinate. This yields a six coordinate hub consistent

with coordinate representations for other substructures.
Six hub coordinates enable the rotor component to be
coupled to other components without changing Base
Program assembly logic. A valid physical model of rotor
vaw motion is not achieved. Null rotor matrices are
associated with this displacement. The user must
eliminate the hub yaw coordinate from the system model.
This may be accomplished with constraint component CN1.
A valid model would .occur also if fuselage normal modes
in component MS1 have no hub yvaw displacement. In the
present program version, only one rotor of type RE2 may
be requested.

AEROELASTIC ROTOR RE2 INPUT DATA

Location Fortran
No. Name Input Item Description Units
1 IEXEC E927 program execution control nd
‘ = 0. Read matrices from unit 10.
= 1. Execute E927 and read
matrices from unit 10. This
option is not available on CDC
system.
2 NCN Rotor hub connection node nd
number.
3 THETA Hub connection node Euler deg
‘ pitch angle (0y)
4 PHI Hub connection node Euler deg
roll angle (6x)
5 Xs1 Hub connection node Euler deg

vaw angle (6z)
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AEROELASTIC ROTOR REZ2 COORDINATE LABELS

Coordinate Description

Output Label

QFTi—QFT4 : : Blade bending collective modal

amplitude(a)
' o : . (b)
THTR Blade pitching
THTE ‘ Blade torsion(b)
BETA 7 Flapping collective mode(c)
GAMA ' Leading collective mode (4)
QT1S, QTIC |
QT2S, QT2C " Blade bending cyclic sine and cosine
- QT3S, QT3C . (a) ' . o
OT4S, QT4C '@odal amplitudes
THRS, THRC Blade pitching sine and cosine cyclic
' amplitudes(b) '
THES, THEC ' Blade torsion sine and ¢osine cyclic
amplitudes(b) '
BETS, BETC ' 'Blade flapping sine and cosine cyclic
' '_amplitudes(c) '
GAMS, GAMC - Blade leading sine and cosine
amplitudes(d)
X, Y, 2, THTX, ' Hub displacements. See Figure 13 for
THTY, THTZ _ positive directions '
NOTES: a) Positive flatwise bending up and edgewise bending

forward,
b) - Positive control nose down.
c) Positive up.

d) Positive forward.
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7.2.15. "

. Rotor Aeroelastic Substructure RE3

Rotor aeroelastic substructure RE3 is used to represent
a multi-blade aeroelastic rotor in forward flight or
hover. The function of this component is to read the
rotor hub excitation force and moment vector and the
rotor impedance matrix transmitted to a file by rotor
aeroelastic analysis G400. Component RE3 triggers the
calculations required to assemble the G400 rotor force
vector and rotor impedance with impedance elements
contributed by other dynamical components. The use of
RE3 1s preceded by stand-alone application of G400. The
coordinates represented in the RE3 substructure are six
hub displacements shown in Figure 13. The RE3 rotor
impedance substructure is consistent only with a steady
state forced response solution mode, FR1l. The frequency
of force excitation specified in the input to FR1 must
be the same as that specified in the input to G400 to
derive the rotor impedance matrix. This frequency will
be an integer multiple of rotor speed and blade number
(wf = nb ). Component RE3 may be flagged to calculate
Higher Harmonic Control (HHC) angles to minimize vibra-
tions. Optimal control angles, blade stresses resulting.
from hub displacements, and HHC control inputs may be
calculated. This is achieved by reading from a file the
matrices transmitted from G400, deriving the effects on
hub loads and blade stresses of HHC angle perturbations
and hub displacements. When the HHC mode is invoked, it
is necessary to employ a GFl substructure to define the
node at which a weighted sum of response is to be
minimized. Weight factors applied to the 6 nodal
displacements are defined in GF1l input. Weight factors
applied to the HHC control angles to 1limit control .
excursions are defined in RE3 input. The basis of the
HHC minimization method is described in Reference 1.

- Component RE3 may be used to introduce the impedance and

load excitation of a substructure which is not a rotor.
A sample application would be the representation of an
empennage. Substructure RE3 has an option to permit a
user to load in unit 12 a load excitation vector and
impedance matrix. The data may derive from any suitable
source. Flag IRDFIL (see below) would be set equal to
one. When a rotor is not represented, the use of RE3 is
not preceded by stand-alone application of G400. The
HHC and stress flags (see below) must be turned off.
Only one substructure of type RE3 may be requested.
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AEROELASTIC ROTOR RE3 INPUT DATA

Location Fortran )
No. Name Input Item Description Units

1 IRDFIL Read option for rotor impedance nd
matrix and force vector
=-0, read input from save file 11

1, read input from user file 12

2 ISTFOR Rotor hub forces option ' nd
0, leave force vector unchanged
1, null force vector in the code.

3 IDPFOR Display hub force option nd
: = 0, display hub displacements
= 1, display hub forces and moments

- Six hub translational and rotational
displacements which are solutions to
the assembled system equations are
displayed if IDPFOR = 0. .If this
"flag is 1.0, the interface reaction
forces and moments between the hub
and connected substructures - e.g.,
fuselage - <consistent "with the
.motion of the assembled system are
displayed (see Reference 1, Assembly
of Rotor Impedance Matrix)

There is an override instruction in
the code which sets IDPFOR to zero -
if the user selects a display of
system response in fractions of the
acceleration of gravity (g's)
(location 3 in FR1l is equal to 1).
In other words, the selection of a
display of results in g's in FR1
supersedes IDPFOR = 1 selection in
RE3 and causes hub displacements to
be displayed, even if hub forces and
moments are requested.

4 ' NCN ' Rotor hub connection node nd

5 THETA Hub connection node Euler deg
: ‘ pitch angel (0y)

6 PHI Hub connection node Euler deg
roll angle (0x) '
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10

11

12

13

14

15

XS1

IHHC

ITHHC

ISTRSS

THNM1C

THNM1S

THNC

THNS

THNP1C

Hub connection node Euler
yaw angle (6z)

HHC control switches

= 0, do not activate option -
default wvalue

= 1, activate option

This option is set to zero in-.
ternally if IRDFIL = 1 (loc. 1).

Control 1nput optlon for HHC

applications

= 0, compute optimal theta by
quadratic minimization - no
user input required - default
value

= 1, read HHC input angles as

loaded in locations 11 through

16 below
Calculate blade stresses option

= 0, do not calculate blade
stresses. G400 location 933
is zero. This option is set
to zero internally if IRDFIL =
1 (loc. 1). Default value is
Zero. -

= 1, calculate blade stresses.
G400 location 933 is greater .
than zero.

deg

nd

nd

nd

In the following, N refers to the num-

ber of blades in locations 11 to 19.

HHC input angle -~ (N-1)th
cosine component

HHC input angle - (N-1)th
sine component

HHC input angle - Nth
cosine component

HHC input angle - Nth
sine component

HHC input angle - (N+1l)th
cosine component

deg
deg
deg
deg

deg
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16 THNP1S HHC input angle - (N+1l)th deg
sine component
17 WTHNM1 Weighting factor for (N-i)th nd
- HHC angle
18 WTHN ' Weighting factor for Nth b _ nd
HHC angle o
19 WTHNP1 Weighting factor for (N+1)th ', nd
HHC angle
.‘7.2.16. Time History Solution Mode (TH1)
The time history solution mode TH1 yields the response
of a system as a function of time. Transient responses,
steady responses, and the stability of systems may be
determined from the time history behavior of a system.
The solution algorithm yielding the time history re-
sponse is thé Newmark Beta method described in Reference
1. Section 8.3 describes the 1line printer output
descriptors displayed by TH1. :
COMPONENT TH1 INPUT DATA
Location Fortran :
No. Name Input Item Description Units
1 BETN Néwmark Beta factor. Range nd
' . permitted is 0. to 0.25
DELT Time increment : _ sec
TMAX - Time limit for integration of sec
the equations of motion.
4 OMEGA Forcing frequency hz
5 IDEBUG Debug printout switch nd
. = 0, for no printout - ‘
default value
= 1 to display matrices
for substructures and -
assembled system
6 IRSTRT Restart option - nd

= 0 for no restart case =
default wvalue
= 1 for restart case.

NOTE: Restart data are written
to and read from file 8.
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Section 8

BASE PROGRAM OUTPUT DESCRIPTION

Typical outputs from the Base Program are shown in Figures 17
through 19. The outputs are presented in the same order as
- outputs obtained from program execution.

Figure 17(a) is printed out as shown at the beginning of each run.
. It is the same for all runs; it is coded in subroutine INPUT
(segment 3). Figures 17(b) and 17(c) are card image listings of
the run titles and input data for the first case. If multiple
cases are run, the new input data cards are printed at the be-

ginning of each case. This sample run consists of one case only.
It has 4 title cards with W (HZ) as the abscissa label to be used
for plotting. Figure 17(c) shows that this case uses 5 com-

ponents: FAl, GF1l, TH1l, MS1l, and GEN.

8.1 Component Output

Figures 17(d) through 17(w) provide a narrative description of the
input locations and the loader input values for each Base Program
component. Component input narrative descriptions are listed in
alphabetical order of the three character component names, start-
ing with component BFl and ending with component TH1l. Figures
17(d) through 17(w) may be used to aid the preparation of com-
ponent inputs.

8.2 Debugging Output

After the component inputs are printed, a variety of debugging
printouts are ‘available to show the assembly of the substructure
matrices, and intermediate calculations obtained for the different
methods of solution. These printouts are obtained if the debug
switch is set to 1.0 in any one of the components EGl, EG2, FR1,
and TH1. For all solution modes, subroutine DSUB is called to
identify the name of the subroutine providing the debug printout.
Subroutine DMTRX is called to provide the debug output. Only
non-zero quantities are displayed. A summary of the debugging
printouts available for the four solution methods is presented in
Table 5. ‘Sample outputs dre illustrated in Figures 18(a) through
18(e). Figure 18(a) shows part of the assembly of the system
mass, damping, and stiffness matrices as performed in subroutine
ASMMCK before the real ‘eigensolution EG2 is executed. Matrices
MO, CO, and KO are substructure matrices referred to substructure
local coorxdinates. Matrices M, C, and K are matrices for the
assembled system obtained after mapping to independent coordin-
ates. Figure 18(b) provides a sample output of the real eigen-
solution EGl results obtained from subroutine SO2EGl. 1In Figure
18(c) results from the real eigensolution EG2 are shown. These
are obtained in subroutine SO2EG2. Typical results obtained for
the forced response solution FR1 are illustrated in Figure 18(d4)
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in subroutine SO2FR1. Finally, timeé history solution results are
shown in Figure 18(e) in subroutine SO2TH1. :

8.3 Sblution Methods Output

Figures 19(a) to 19(d) are samples of standard outputs obtained
with the four solution methods EGl, EG2, FR1l, and TH1. ' For all
solution modes, the display consists of seven fields of data
containing alphanumeric name strings and numeric data keyed to the
alphanumeric strings. These fields are listed by number below and
contain the following data:

1) Item counter for variables listed in each output row.
2) The word ELEMENT.

3) Element number of a substructure, 1listed in'ascending
order. '

4) Substructure three-character name or a blank string, or.
strings FREQ, DAMP, or TIME. '

'5) Character name of a variable. Up to four characters may
be used. If field 4 (above) is blank, the variable

listed in each row is not a coordinate. The wvariable
may be an eigenvalue or time. If field 4 contains a
substructure name, the wvariable in the row is a coordi-
nate. '

6) Solution mode description.

a) For EG1l, the descriptor is EIGV. This string is
followed by the eigenvalue number, where the
eigenvalue number is an integer ranging from one to
the number of independent coordinates for the
assembled system. (See Figure 19(a)).

b) For EG2, the descriptor is EIGV when the string
FREQ or DAMP occurs in field 5. The string FREQ is
the descriptor for frequency of the eigenvalue in
hz and the string DAMP 1is the descriptor for
damping of the eigenvalue expressed as a fraction
of critical damping (see equations (40) and (41) in
Reference 1). When the string in field 5 is the
name of a coordinate, the string in field 6 is
either REAL or IMAG, denoting the real and imagin-
ary values of an element in the  eigenvector.
These strings are followed by the eigenvalue number
(integer ranging from one to number of independent
coordinates for the assembled system). The output
displays are repeated until results for all eigen-
values are displayed. (See Figure 19(b)).
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c) For FR1l, the descriptors are AMPLITUD and PHASE
denoting amplitude and phase of a coordinate
response. If the display conversion factor ICONVG
in FR1 is equal to 0, amplitude measures are feet

for translations, radians for ‘rotations, and
non-dimensional for modal amplitudes. - Phase
responses are expressed in degree measure. If a
hub interface force and moment display is requested
in component RE3 (IDPFOR = 1), forces are in 1b
units, and moments are in ft-1lb units. Phase
responses are in degree measure. I1f the display

conversion factor ICONVG in FR1 is equal to 1,
displacement responses (translational, rotational,
and modal) are converted to accelerations, divided
by the acceleration of gravity, and displayed (see
equations (28) and (29), Reference 1) as shown in
Figure 19(c). :

The notétion used in the calculations of the
coordinate amplitude and phase angle is:

X = AMPLITUD* cos(wFt—PHASE)

d) For TH1l, the descriptors are SEC and DISPMENT
denoting time and displacement. Time is expressed
in seconds and displacements are feet for transla-
tions, radians for rotations, and non-dimensional
for modal amplitudes. (See Figure 19(d)).

7) The numerical value of the variable.
. The appropriate units are as follows: -

a) eigenvalue - - frequency is in hz;
-  damping is non-=dimensional
b) eigenvector - translation is non-dimensional
- ~ rotation is 1/rad
c) translation - ft, non-dimensional, or g's
d) rotation - rad, or (rad/sec?)/g
e) hub reactions - forces are in lbs
' - moments are in ft-1bs
£) phase - degrees
g) time - sec

After the solution results are printed, the computer program
working storage requirement for the run is displayed in terms of
the maximum number of working storage words needed for the run as
shown in Figure 19(e). The significance of this value is dis-
cussed in the section 9.7, "Base Program Size". The solution
results are sent to unit 2 to save data for the Tektronix plot
package. The data are formatted to facilitate checking of the
Base Program. Figure 19(f) was obtained by transmitting the plot
file data to the line printer. These data are not displayed in
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the course of a normal run performed to obtain plot results. The
output data in Figure 19(f) are discussed below to aid the inter-
pretation of the program by users. '

A sample output is presented in Figure 19(f) for a time history
solution up to 0.05 seconds. The format is typical of all data to
be plotted. The title cards, up to 4, are shown first. The first
three title cards comprise the plot heading while the fourth title
- card defines the abscissa, which, for this example, is TIME (SEC).
" The next line provides 3 pieces of information: the total number
of steps (or cases), (6.1), the total number of system coordi-
nates, (15.1), and the parameter value for 3-dimensional plots
(0.1200). Next, the variables are listed in order of increasing
element number; in this case, element 1 is component FAl, element
2 is component GFl, and element 4 is MS1l. Element 3 is TH1 which
is represented by the first variable, which is time in seconds.
The data to be plotted follow the list of variables. The first
card contains the step (or case) number (1.1 through 6.1) and the
abscissa value (this is the parametric value if PV1 component is
activated or time if the time history solution is exercised). 1In
this example, it is seen that the variable time has values from
zero to 0.05 in steps of 0.01 second. The numerical values of the
final system coordinates are then displayed. For this example, it
is seen that the following plots could be generated versus time:

1. variable 2, FAl DELT (fixed absorber mass translation).
2. variable 3, FAl X (fixed absorber base translation).
3. variable 9, GFl X (generalized force connection node
: displacement).

4. variable 15, MS1l MODE (normal mode amplitude).

A plot of these four variables versus time is illustrated in
Figure 19(g). Up to 5 curves can be shown on the same plot.

when the time history solution is used, the final results are
written to unit 8 in subroutine SV3TH1 for restart conditions. A
sample output is presented in Figure 19(h) for time increments of
0.01 up to 0.05 seconds. As shown, the displacement, velocity,
acceleration, and force vectors are provided at each time step of
the run. To restart a time history solution, only the data at an
initial time are needed as input. These data are acquired from.
the last time step of a prior run. The results from Figures 19(f)
and 19(h) originate from the same computer run. At a time of 0.05
second, the displacements are the same, as indicated by the
underlined quantities. :
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Section 9

OVERALL PROGRAM STRUCTURE

This section provides information on the overall program structure
to. enable users and programmers to understand the program logic

and the overlay segmentation structure. Flow diagrams for the
different overlay segments are presented. Brief descriptions are
provided for all the Fortran subroutines. The routines which

. require modification for CDC computer operation and the IMSL
routines which must be replaced by the contractor are identified.
The COMMON Blocks and input/output data files employed by the Base
Program are described. Also, the determination of the computer
storage requirements and of the program size are discussed as well
as the method employed to change the computer program size.
Finally, revisions to the computer program subroutines necessary
to add a new substructure or to modify an existing substructure
are presented in detail.

9.1 sSegmentation Structure

The Base Program SIMVIB was overlaid to minimize the CDC computer
storage regquirements. The overlaid program size comprising a
23.6K;0 (decimal) word instruction bank and a 8.4K;, (decimal)
data bank is 32K;, (decimal) words. This is equivalent to 100 Kjg
(octal) words. This limit complies with the requirement specified
by the NASA Technical Monitor for interactive operation on the:
Langley Research Center CDC computer. The program size can be
increased by specifying the size of the IA vector in the MAIN
routine to enable the program to be applied to large problems (see
section 9.7). -

The 18 overlay segments are shown in Figure 20. A brief descrip-
tion of the function performed by each segment is provided in

" Table 5. The Fortran subroutines needed in the execution of the

.overlay segments are listed in Table 6. This table also includes
"~ a list of COMMON blocks. All COMMON blocks are stored in the main
segment (number 1). IMSL routines which must be replaced by the
contractor with equivalent routines are marked with an asterisk
(*) while the routines which must be modified or replaced for CDC
operation are indicated by a plus sign (+).

9.2 Flow Diagrams

Computer logic flow diagrams are presented in Figures 21 through
41 for the high level subroutines. The flow chart in Figure 21
illustrating the main program logic flow shows the parametric
variation and the multiple cases loops.
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9.3 Fortran Subroutines Descriptions

To aid the understanding of the Base Program, an alphabetical list
of Fortran subroutines 'is provided in Table 7; the appropriate
segment number containing the routine is also provided in this
table. The functions of the subroutines are given in Table 8. 1In
addition, source code in the Base Program listing supplied to the
NASA Structures Laboratory is commented to facilitate an under-
standing of the program. An asterisk (*) denotes IMSL subroutines
which have to be replaced by equivalent IMSL subroutines available
at the Langley Research Center CDC facility. A plus sign (+)
denotes system dependent subroutines. These routines contain CDC
dedicated lines of code which are commented in column 1. These
comments must be removed and IBM dependent code corresponding to
these lines in their immédiate vicinity must be commented out.

9.4 Fortran Subroutines Revisions for CDC Operation

The revisions to the IBM Fortran subroutines which must be per-
formed in order for the Base Program to execute on the CDC com-
puter system fall into the three categories listed below:

‘1. 3 routines must be replaced: ACONDP, ACON, and CORE..

2 8 routines must be revised: FFLOAD, 'GVPLOT, INPUT,
LBLEGl, LBLEG2, LOAD, MAINSV, and NAMES.

The revisions are discussed in Table 8 and are also
explained in the program Fortran code.

3. 18 IMSL routines must be replaced with equivalent IMSL
routines by the contractor: EIGZF, EQZQF, EQZTF, EQZVF,
LEQT2F, LINV2F, LINV3F, LUDATF, LUELMF, LUREFF, UERTST,
UGETIO, VHSH2C, VHSH2R, VHSH3R, VXADD, VXMUL, and VXSTO.

9.5 COMMON Blocks

The Base Program utilizes a total of 18 COMMON blocks in its
Fortran code. The Fortran subroutines in which the different
COMMON blocks appear are presented in Table 9. Both the Fortran
subroutines and the COMMON blocks are listed alphabetically for
easy reference. The word size of a specific COMMON block is the
same in all of the subroutines which reference it. '

9.6 Input/Output Data Transmission

Input/output data transmission is accomplished in the Base Program
through the use of nine files which are described in Table 10.
The data files are assigned Fortran names in subroutine BLOCK,
which is the first subroutine called in the main program. A
description of the type of data transfer and the subroutines which
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"use a specific file are provided in the table. The input/output
files are used to read input data (1, 5, 8, 10, 11 and 12), write
output results (6), store solution results (2), and punch results
on cards (7). The punch file is not presently used in the Base
Program but can be readily activated.

9.7 control of Base Program Size

The user of the Coupled Rotor/Fuselage Vibration Analysis may
employ a convenient means of controlling the size of the Base
Program. Size control may be achieved by changing two statements
in the main routine. These statements as presently configured on
the CDC system are:

INTERACTIVE MODE BATCH MODE
1. DIMENSION IA (8400) 1. DIMENSION IA (40000)
2. MAXA = 8400 2. MAXA = 40000

The first statement describes the size of the working storage
vector (defined below) in terms of decimal words. The allocation
of the working storage can be varied by changing the above state-
ments. For example, 30000 dec1ma1 words may be allocated by
modifying these statements to

1. DIMENSION IA (30000)

2. MAXA = 30000
The program is recompiled and a new executable version created and
stored for |use. The new version will employ 30000 words of
working storage. A user desiring to control the program size does
not need to know any programming details beyond these statements.

As a guide to programmers wishing to make other modifications, an
introduction is given here of the space management capability

contained in the Base Program. The working storage vector is a
region of storage which is separate from-regions used to store
COMMON block data. It is a region of storage where arrays

(literal strings, vectors of integers and real variables, ma-
trices) may be placed or removed during program execution. Data
are placed in the working vector IA or removed from IA by invoking
in the program code two space management Fortran function subrou-
tines. Function subroutine ISETSP allocates storage in IA for any
array whose literal name, dimensions, and character (real, com-
plex) are placed in the argument list of ISETSP. = Function sub-
routine IRMVSP may be used to remove the catalog entries (name,
dimensions) applicable to the array referred to in ISETSP.
Subroutine IRMVSP may be thought of as removing the space allo-
cated in IA to that array. These procedures may be used to
allocate or remove storage spaces allocated to arrays during the
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execution of the program.. In other words, they have the effect of
controlling dynamically the amount of storage occupied in IA. The
time history of variation of storage in IA with CPU time is shown
schematically in Figure 42 for a hypothetical pxroblem. The
largest amount of storage taken up by arrays occupying IA is
designated MAXSIZ. The current storage in IA at any instant of
time 1is ISIZE. The magnitude of ISIZE is always less than or
equal to MAXSIZ. The program calculates ISIZE during execution
and equates MAXSIZ to ISIZE if ISIZE exceeds a prior value of
MAXSIZ. The program compares the value of MAXSIZ with MAXA. The
parameter MAXA is equal to the size of IA. If MAXSIZ is less than
MAXA, processing continues to completion. The program displays
the value of MAXSIZ at the termination of the calculations for
each case (see Figure 19(e)). If at any time in the calculations
MAXSIZ is calculated to exceed MAXA, the processing terminates
with a message informing the user to allocate more storage.

If two or more cases are run successively, it is found that the
value of MAXSIZ is larger for the second case as compared to the
first case since computer storage allocated for the input com-
ponents cannot be freed at the end of the calculations. As shown
in the sample output in Figure 19(e), MAXSIZ is 1887 words after
the first case and 2161 words after the second case - an increase
of 274 words. Subsequent cases will have the same value of MAXSIZ
as for the second case.

Convenient size control provides a user with latitude to treat a
wide range of problems. The version of the program used inter-
actively on the CDC system employs 8400 decimal loads. - A larger
version of the program employs 40000 decimal words. This version
can- be used to solve large problems in a batch mode. For
MAXA = 0, the program size is composed of storage required for
instructions and common blocks, and is equal to 23600 decimal

words on the CDC system. Thus, the version of the program with
MAXA = 8400 would have a size equal to 23600 + 8400 = 32000
decimal words. The larger program would have a size of 23600 +

40000 = 63600 decimal words.

Programmers must exercise care in the employment of function
subroutines ISETSP and IRMVSP. A safe procedure for invoking
these subroutines is to follow the applications in the program.

A third space management routine is IASKSP which must be used by
the programmer to return information on arrays which have already
been allocated. Function subroutine IASKSP returns a pointer
defining the position 1n the IA vector of an array named 1n its
argument list.

Programmers intending to add a new substructure to the code are
not required to employ or understand the space management subrou-
tines ISETSP, IRMVSP, and IASKSP. Section 9.8 describes the
procedure for introducing code for a new substructure except a
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substructure adding a forcing function such as GFl, or substruc-
tures similar to RE2 or RE3. The programmer must define in
subroutine NSPACE the size (NDLOAD) of the input loader vector for
the new substructure, and the size of a component dedicated work
vector (NWORK). The value of NWORK is equal to 0 for all sub-
structures (see Table 3) except RE2, RE3, and TH1l. Substructures
RE2 and RE3 involve the LINK subroutine (the RE3 substructure also
includes logic to process impedance data) and the procedure for
‘adding substructures of these types is different from the proce-
dure for other substructures and is not described. ' The procedure
for the addition of solution modes and operational modes capa-
-bilities is also not described. Modifications made to the program
in these areas can be developed by following the code.

The IA vector is equivalenced to a vector of real variables A.
The programmer may recover integer variables by referring to the
IA vector and real variables by referring to the A vector. The
size of a word in the IA vector is the same as the size of a word

in the A vector. Each subroutine called by the main routine
MAINSV has an argument list containing IA and A as its first two
‘members. The equivalence of IA and A is achieved by naming the

first two arguments IA in the calls made to the subroutines in
MAINSV.

9.8 Addition of New Substructures and Modification of Ex1st1ng
' Substructures

The addition of'a hypothetical substructure to the Base Program,
referred to as BF4 for this example, requires two main steps:

1. provide 7 new subroutines, as shown in Table 11.
2. revise 18 exis;ing subroutines, as shown in Table 12.

The new subroutines to be developed for the BF4 component are
listed in Table 11. They would be similar to those illustrated in
Figures 43(a) through 43(g) for component BFl. The BFl routines
are provided as a guideline only and therefore must be revised
appropriately for each new substructure being added.

The revisions to existing Base Program subroutines required to
incorporate a new substructure are summarized in Table 12. All
the subroutines contain labelled COMMON CNAMES which is modified
to include the new element BF4. In this illustration, assume that
BF4 is the 21st element to be added to the Base Program.

The procedure described above for adding code for a new substruc-
ture applies to any substructure except substructures introducing
a forcing function, like GFl1 or substructures introducing rotor
- effects, like RE2 and RE3. The procedure described does not apply
to solution or operational modes.
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.Modifications made to existing substructures involve the same set

of routines listed in Tables 11 and 12. Many modifications would

be limited to a subset of the routines listed in these two tables.
Section 10

TEST CASES DESCRIPTION AND RESULTS

The -Base, Program has been exercised with all program components.
Check cases have been run to check out significant combinations of
substructures and solution modes. A 1list of 16 test cases is
provided in Table 13. -The test cases include application of
inplane and vertical bifilars, fixed system absorber, several
isolator models (Cases 7 to 11 - see Figure 44), rotor contribu-
tions from two different rotor models, and elastic beam represen-
tation. The four methods of solution, which are eigensolutions
with and without system damping, forced response, and time his-
tory, are invoked and checked. Parametric variations are con-
ducted for several design conditions. :

Restrictions affecting program applications are:

1. to obtain non-zero responses, the GF1l substructure must
. be used with the time history (THl1l) solution mode.

2. when the time history (TH1) solution is wused, . the
parametric variation option (PV1l) is not applicable.

3. the only method of solution consistent with the 'rotor .
impedance representation (RE3) is the forced response
solution (FR1l). '

4. the GF1l component must be connected to modal substruc-
ture MS1l at a point where it is desired to monitor
responses and which is not connected to another struc-
ture. :

5. only one SubStructure of type RE2 or RE3 may be request-
ed at one time. However, the input may include both of
these types.

The program working storage requirement for each case is shown
under the column heading "Size of Work Vector" in Table 13. Most
cases require less than 8000 words. Cases 11 and 12 have the
largest storage requirement nearing 15000 words due to the utili-
zation of four isolator units for case 11 and the complex eigen-
solution application for case 12. Thus, all but cases 11 and 12
can be run in the interactive mode.
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From Table 13, the IBM central processing unit (CPU) time needed
to execute a typical run is under 3 seconds. A time history
solution of one second real time (case. 5) requires 4.5 seconds of
~ CPU time.  This run also takes the longest to execute.

The input and output for five representative cases (5, 7, 11, 12,
and 13) are provided in Reference 11, Appendices A through E,
respectively. They show results for different dynamic systems and
methods of solution. '

Plots were developed for these cases except for case 12 using the
Tektronix Plot Package described in Reference 7. The plots are .
presented in Figures 45 through 47 for cases 5, 7, 11, and 13
respectively. A summary of the plots generated and a brief
description of each plot is presented in Table 14. ‘Results for
case 12 could be plotted if additional runs are made and all the
results stored on unit 2. For example, the rotor blade collective
pitch ' could be varied when executing the E927 program. The
resulting matrices are then read from unit 10 by the Base Program.
Finally, the final system eigenvalues and eigenvectors could be
plotted against blade collective pitch.

Up to 5 variables from one casé may be plotted at the same time.
Also, one variable from as many as 5 cases may be displayed on the
same plot.

Section 11

IBM JOB CONTROL LANGUAGE (JCL)

The IBM Job Control Language (JCL) needed to execute the Base
Program or the IBM 370/168 computer system is shown in Figure 49.
This setup reads basic input from unit 1, E927 matrices from unit
10 if component RE2 is invoked, and G400 impedance matrix and
force vector from unit 11 (or 12 if input by the user) if com-
ponent RE3 is invoked. Time history restart conditions are either
read from or written to unit 8. Output results are sent to unit
6. If plots are desired, the output results are stored on unit 2.
Different options are presented in the JCL setup for writing of
the output results to files on unit 2 for plotting or unit 8 for
time history restart conditions. It should be noted that any JCL
card starting with 3 or more asterisks is a comment card. Any
card starting with // is a control card. The counter on the left
hand side of Figure 49 shows that there are 13 control cards in
the standard JCL setup required to execute the Base Program on the
IBM system.
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Section 12

CDC _PROGRAM INSTALLATION AND OPERATION:

This section provides the Job Control Language (JCL) for the
installation and operation of the SIMVIB program on the NASA-
Langley CDC NOS computer facility. The installation and operation
procedures are based on protocol and system 1library facilities
associated with the NASA-~Langley CDC NOS computer facility.

The JCL for installation of the SIMVIB program is presented in
: Flgure 50 for the batch mode version (IA vector dimensioned 40000)

and in Figure 51 for the interactive mode version (IA vector
dimensioned 8400) :

The JCL for executlon of the SIMVIB program batch and interactive
versions is shown in Figures 52 and 53 respectively.

The JCL instructions apply to remote job entry operation (such as

a telephone linkup). Revisions needed to run with card images are
indicated in Figures 50 - through 53.
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START

b |

*/
*®/
®/
*/
*/
*/

*/

74

*/-

*/

.*/

*/
*/
¥/
*®/
*/

*/

.0039

0040
0041
0042
0043
0044
0045
8046~
0C47
€943
00645
0952

0051

. CoL 4=l tme==2 + 3 + 4 + Swmmey 6 +
1 BASE PROGRAM = INFUT SAMPLE 1 - 1 CASE
1 FIXED SYSTEM ABSORZER - 1 MODE SHAPE
........ 1. FREQUENCY PARAMETRIC VARIATICM. .
1 FREQUZHCY (HZ)
1 FAl 1 ' /% FIXED ABSORBER 1
w3 Y/ % /% COMNECTICH NODE HUMZER .
3 2/ 10.0 /% MASS (SLUGS)
3 - 3/ 0.12 /% DAMPING RATIO (KD)
3 4/ 25000. /% SFRING STIFFNESS (LB/FT)
3..57.1.0 .. . .. 1.05... .. 1.0 . /% INERTIAS (SLUS-FT®%2)
3 8/ 0.0 0.0 0.0 /% EULER ANGLES (DEG)
‘1 11 / 0.0 0.0 0.0 /% INITIAL VALUES
.1 GFL. 2 /% GEMERALIZED FCRCE 1
3 1/ 1. /% CCNMECTION NCDE NUMBER
3 2/ 0.0 8.0 /% EULER ANGLES (DEG)
3 5/ 1500. 400.0 /% X FCRCEZ (LB) - COS , SINE
..3...77/.0.0 . 0.0 . /% Y FORCE .= COS » SINE
3 9/ 0.0 8.0 /% Z FORCE - €OS , SIHE
2 11/ 0.9 0.0 /% THETAL FORCE - COS , SINE
2 13/ 0.0 0.0 /% THETA2 FORCE - COS , SINE
L1..-18 /. 0.0 . 0.0. .. /% THETA3 FCRCE - COS , SINE
1 FR1 3 /% FORCED RESPCONSE 1
3 1/ 1.591549 /% FCRCIMNG FREQUENCY (HZ)
o Rl Y e ot e % GET. DEBUG FRINTCUT..
1 Ms1 4 /% MCDAL STRUCTURE TYPE 1
3 1/ 9.0 /% DAMPING RATIO (ND)
.3 L 2/.1.0 . /% GENER. MASS (LB-SEC¥%2/IN)
3 3/ 0.0 /% MCDAL FREGUEMCY (HZ)
3 4/ 1. /# NUMBER OF NODES
3 s/ 1. /% NCDE MUN3ERS
.2 ...10/7..1.0 o. L O /% MODE SHAPE
2 13/ o. 9. 0. /% MODE SHAPE
2 40/ O. 0. 0. /% EULER ANSLES (DEG)
1 =56/ 0. 0. 0. /% INITIAL VALUES
1RVl 5 /% PARAMETRIC VARIATICH 1
3 1/ 1.591549 7# STARTING VALUE (HZ)
3 2/ 9.549297 /% FINAL YVALUE  (HZ)
S T 2 0 - /% NUMBER GF POINTS ... .
37TTSS. /% ELEMENT NUMBER
1 -5/ 1. /% LOADER LCCATION
— WL GEN b /% GENERAL ELEMENT .
37717/, /% 20 -NO PRINTOUT OF RESULTS #/
1 -10 /7 0.12 /% VALUE FCR 3-D PLCTS =~ CAMP %/
w
15708
Figure 5. Input Data Sample 1.



_ START
. coL

R e an Ly EE T - A R e LS L Pt S LS D + 6 + 7 +-
1 BASE PROGRAM - INPUT SAMPLE 2 - 3 CASES 001"
1 FIXID SYSTEM ABSCREBER - 2 MODE SHAPES 0002
..1 .. TIME HISTCRY SOLUTICN . N 0003"
1 TIME (SEC) 8094
0025"
1 FAl 1 /% FIXED ABSORBER 1 - %/ 0006
w31/ 1. /% CONNECTICM NODE NUMBER .. %/ 0C07°
3 2/ 10.0 /% MASS (SLUGS) . */ 0008
3 3/ 0.2 /% DAMPING RATIO (ND) %/ 0009
3 4/ 2s000. /% SPRING STIFFNESS (LB/FT) %/ 0010
3 5710000 1.0 1.0 . .. /% THERTIAS (SLUS-FT¥%2) */ 0011°
3 3/ 0.0 0.0 0.0 /% EULER ANGLES (DEG) #/ 0012
1 -11/ 0.0 0.0 0.0 /% INITIAL VALUES #/ COL3
: : . 0016
1GFL. 2L /% GENERALIZED FCRCE 1 */ 0015
3 1/ 1. /% CONNECTION NODE NUMBER */ 0016
3 2/ 0.0 0.0 /% EULER ANGLES (DEG) */ €017
3 . 5/ 1500. 400.0 /% X FORCE (LB) - COS , SINE %/ 0018
.3...77.0.0 . 0.0 /% Y FORCE =~ .- COS , SINE %/ 0019
3 9/ 0.0 0.0 /% Z FORCE - C0S , SINE %/ 0020
2 1/ 0.0 6.0 /% THETAL FORCE - COS , SIME %/ 0021
2 13/ 0.0 0.0 /% THETA2 FORCE - COS , SINE #/ 0022
- ed=15 /4. 0.0 . 0.0 ../% THETAS FCRCE -.CCS » SINZ %/ 0023
0024
1 THL 3 /% TIME HISTORY 1 */ 0025
3 1/ 0.25 /% NEWMARK BETA FACTOR */ 0026
meire S ireen 8000k . _ /% TIME INCREMENT (SEC) ... .%/ 0027
3 3/ .05 /% MAX TIME (SEC) ¥/ 0028
3 4/ 6.0 /% FORCING FREQUENCY (HZ) */ 0C29
3 5/ 6.0 /% DEBUG SELECTCR %/ 0030
.l =6/ 8.0 - /% RESTART FLAG #/ 0031
0032
1 ms1 " /% MODAL STRUCTURE TYPE 1 © %/ 0033
3 1/ 0.0 /% DAMPING RATIO (D) */ 0034
oD s @ £ 1.0 _ /% GENER. MASS (LB-SEC¥¥2/IN) %/ .C035
3 3/ 0.0 /% MCDAL FREQUENCY (HZ) %/ 0036
3. 4/ 1. /% MUNMBER OF NCDES */ 0037
3 5/ 1. /% NODE NUMSERS ¥/ 0033
2. 10/ 10 0. . ST /% MODE SHAPE */ 0035
27713/ 0. 0. 0. /% MCDE SHAPE */ 0040
2 40/ O. 9. 0. /% EULER ANGLES (DEG) ®/ 0041
1 -56/ o. 0. 0. /% INITIAL VALUES */ 03642
i msi 5 copPY 4 /% MCDAL STRUCTURE TYPE 1. - ®/ 0C44_
1 -0/ o. 1.0 0. /% MCDE SHAPE %/ 0045
0046
.1 GEN. 6. .. . /% GENERAL ELEMENT */ 0047
37717/ 0. /% =Q MO PRINTOUT OF RESULTS %/ 0048_
1 -10/ 0.12 /% VALUE FCR 3-0 PLOTS - DANP */ 004S
0050
tE¥2 i ..GASE i /% END OF INPUT FOR CASE 1 = #/ 0051
0es2
1 FAl 1 /% FIXED ABSORSER 1 %/ 0053
1 -2/ 15.0 /% MASS (SLUGS) */ 0054__
0055
1 END 2 . CASE 2 /% END OF INPUT FCR CASE 2 %/ 00855_
e s 3057
1 FAL L /x FIXED ABSORSER 1 o328
127200} TI Tt /% Mask (SWWes)Y . _pasa
R o ; -y . oo6l
1. STOP ’ e e SERPEUTR S SR Sy 7 X -V
Figure 6. Input Data Sample 2.
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DI 0000 00000006 0 00D DG 030000 3024 90 0F 30 00 3096

DEBUG PRINT SUBROUTINE ASHICK _wMMMEMMXKXXXKMKXNXKANMMANK

MO ¢ 1, 1)3 1.040490-02 Ho 1, 2)=-2,098830-05 Ho ( 1, 3)= 5.238290-02 Ho (1, 4)=-8,00741D-03€
MO ¢ 1, 15)=-3.769500-01 HO (2, 1):-2.098830-05 S Mot 2, 2)31.745330-02 Mo (2, 3)=-3.279930-01
HO U TR 41=76031484D<02 77 7T M0 L 72,7605 1054308062 T TT KO T T3, N e BI238200-02 T 77 MO L T8, 2)E-3.2799dp<01 "] T T
HO ¢ 3, 3)= 1.512540403 MO ( 3, 4)=-2.045230-01 MO (3, 15} 3.44587D+02 Ho (¢ 4, 1):-8.00741D-03
MO 4, 2)= 6.31484D-02 He «( ‘o. HO (4, 4)3 1,516990+03 Ho ( 5, 5)z 1,040490-02
M0 (5, 7)=-2,09883D-05 HO (5, 9) HO_( 5, 13)3-3.89862D-02
HO™" (7 87140787 004910-0Y HO™T (BT 18 SN T3S TED- 01 T - TOHOTTUTTR T8 "1 bhb4 b2 T T
M0t 6, 8)=-2,0988130-05 Ho (6, 10)= 5.238290-02 HO ( 6, 12)-8.007410-03 MO ( 6, 13)z 8.004910-03
MO & 6, 14)= 3,89862D-02 HO ( 6, 16)3-3,023950-03 HO ( 6, 17)= 1,33676D-01 Ho t 7, 5)=-2.090830-~05
M0 ( 7,- 7)= 1,74633D-02 HO € 7, 9)=-3,279930-01 70 _11)= 6.314840-02 MO (7, 13)= 2.323360-01"
MO 7 1829710438003 T TTHO T (7T 7,T 18)=76.482050-01 T 'H6 (—7. 17)="3. 65164002 THOTCT 8 8)aT2 b%e830505 [T T T
HO ( 8, 8)= 1.746330-02 MO (6, 10)=-3.279930-01 MO (8, 12)= 6.31484D-02 Ho ¢ 8, 13)=-9.104360-03
Mo ( 8, 14)=-2.323380-01 MO ( 8, 16)3 6.051640~02 o ( 8, ho ( 9, S5)= 5.23829D-02
HO ( 9, 7)=-3,27993D-01 HO (9, 9)= 1.51254D+03 HO HO (9, 141=-1.055300+01 11xX17
THO UG8 0ET 3243510403 T TTHO T 9,7 17T HE~T7107™ HO 1081237209930 T 1" " pmace
Ho - { 10, 10)= 1,512540+03 10 (10, 12)3-2,045230-01 Ho - ( 10, M0 ( 10, 16)=-3.113950+02 MATRIX
HO (10, 17)=-3,243510403 M0 ( 11, 5)=-8.007410-03 Mo ¢ 11, 7)= 6.314840-02 Ko (11, 9)=-2.045230-01
M0 ¢ 11, 11)= 1.51699D+03 HO ¢ 11, 13)5-1.720990+02 M0 (11, 14)= 1,77265D+01 MO {11, 16)=-5,12412D-01
MO UL TI117)2-0085916D402 T T MO L 12477 6)5-87007410-03 T 7 MO T 12,7612 §731484D-02 7 < MO ' '12,710)3-204523D-0) _—
MO (12, 12)= 1,516990+03 MO (12, 13)= 1.772650+01 H0 (12, 14)= 1.720990+402 MO (12, 16)=-1.85916D+02 .
MO (12, 17)= 5.124120-0} Ho (13, 5)3-1,949310-02 HO ( 13, 6)5 4.002460-03 MO (13, 7)= 1.16169D-01
HO ( 13, 81=-4.552190-03 Mo (13, 10) 276900400 HO (13, 111:-8.604940+01 HO (13, 12)= B.86324D400
MO 13771302 "30169840 4017 THO U3 I7)5 T 2I1107604 0T T HO I A T B 144 T002460°03 Mo 16, 7TENETL 94981002 T T
HO ( Y4, 7)=-4.55219D-03 MO { 14, 6)=-1,161690-01 MO { 14, 9)=-5,276900+00 HO ( 14, 11)= 8,86324D+00
HO ( 14, 12)= 8.60494D+01 10 { 14, 14)= 3.169340401 HO [ 14, 16)=-2,.110760+01 Ho ( 15, 1):-9.423750-02
MO ( 15, 2)= 3.85765D-03 N0 (15, 3)= 8.614670401 MO (15, 15)= 3,16984D401 Ho ( 16, 5)=-6.68382D-02
THOTT €167 T6)=-1 51195020377 T THOTT (16T 70=-3,241030<0177 7T THO (16, 8)="3.02582D-027 T THOTT (167 9)sT 1.621726D503 7 [T T T
MO ( 16, 10)=-1.55697D¢02 HO {16, 11)=-2.56206D-01 M0 {16, 22)=-9,295790401 HO (16, 14)2-2,110760+01
HO (16, 16)= 3.53579D+03 Mo (17, 5)=-1.511980-03 MO (17, 6)= 6.68382D-02 0. { 17, 7)= 3.025820~02
HO (17, 8)= 3.24103D-02 Ho (17, 9 .556970402 HO [ 17, 10)=-1,62176D+03 HE (17, 11)=-9,.29579D+01
HO T CTT7771277 205820600177 MO TC L7, T3 )5 TR TII076D401 T TTHO U173 1705 T3 53579040 T—— L=
1, 1)= 2.871020-01 Co {( 1, 2)= 1.351140-01 CoO ( 1, Y)= 2.337830+01 co ( 1, 4)33, 056650000(1
T'17715)322.05853D400 T 7T TO UL 72,77 IS TLABTSE0-01 T T €0 (TR, 2)s ZL009790-<01 T TT €0 (T2, 3VE-T 013460401 e
"2, 4)= 4.05804D+00 €O ( 2, 15)=-3,502750400 €0 ( 3, 1) 2,236960401 €O ( 3, 2)=-5,92941D+00
3i 3)= 5.025686D+04 €0 ( 3., 4)3-4.165200+03 CoO ( 3, 15)= 1.033750404 €O ( 4, 1)3-2.65044D400
4, 2)=-1.206700400 CoO ( 4, 3)=-6.720900+03 €O ( 4, 4)3 8.417180+403 €O (4, 15):-3,39039D+02
T ST B T2 871030201 TTTC0 (TS T8 )E+50622330-01 7 T T T TS T 7R T UISIIA0S0T TR T 88 )T T Y 34120503
( 5, 9)= 2.337830+01 Co0 ( 5, 10):-2.830540+00 €o0.( 5, 11)= 3,056850+00 €O ( 5, 12)= 4,326850-01
( 13)=-1.637350+00 €0 ( 5, 14)= 2,128160-01 €O (5, 16)= 4,56306D+02 €0 ( 5, 17)=-1,1€1480+0}
€0 ( &, S5)= 5.62233D-01 CoO ( 6, &)= 2,87103D-01 €O ( 6, 7)=-1.134120-03 Co ( 6, &)= 1.35114D-01 \1x17
CT T €y 19)=72.83054D4007 T TCOTT (T 637 10012 72.73376304017 T TCOTTITT 677111244, 326850500 T T O (7657 12)="8. 054850400 | 1APING
€O &, 13)= 2,128160-01 Co ( 6, 14)3 1.637360400 Co ( 6, 16)2-1,16148D401 Co (. 6, 17)3-4.56306D+01 Dt
co ( 7, 5)=1.167550-01 €0 ( 7, )= 1.134120-03 *Ce {7, 7)= 2,009790-01 €O ( 7, 8)5-9,4363:0-01 fAATTRIX
€O ( 7, 9)=-1.01346D+01 €O ( 7, 10)= 1,772330+01 Co ( 7, 11)= 4,05004D+00 €O ( 7, 12)3-3,412260+00
€O~ ' 7,713)5-47230670-01" L0~~~ 7514127 1.563620-01 €00 7716052 571590401 OO 1702537205070 4QY ) T
Co ( 8, 5)=-1,134120-03 Co ( &, &)= 1.167650-01 Co ( 8, 7)= 9.436380-01 Co ( 8, &)= 2.009790-01
Co - ( 8, 912-1.77233D+01 €O ( 8, 10)=-1.013460401 Co ( 8, 11)= 3.41226D400 €O ( 8, 12)= 4.05304D+00
Co ( 8, 13)= 1,54362D-01 €0 ( 8, 14)= 4.238670-01 co ( 8, 16)2-3,205070+01 €O [ 8, 17)3 2,571590+01
€O 97603 2,236930401 T €0 UL 9T 6922830540400 T T 713-50929410000 77 T €O T T9,7U8)s 1772330401 | v
€0 ( 9, 9)= 5.025850+04 €O ( 9, 10)=-8.173100+04 co (9, 1112-4,165200403 €O ( 9, 12)% 1,105150401
€O 9, 13)= 1.588630+03 Co (9, 14)=-3.99786D402 €o (9, 16)= 1,238040+405 €O ( 9, 17)= 1,61401D405
Co (10, 5)= 2,83054D+00 €0 (10, 6})= 2,236980+01 ‘C0 (10, 7)3-1,77233D401 €O ( 10, 8)=-5,92941D+00
€0~ (10,7 9)= 8,173100+04 ~~-- €O "(~10,~10)="5.025800404 =" CO™™ €~ 10711151, 10818D401™""CO~"{"10; 12 }=~47165200 403~} - -
€0 (10, 13)=-3,997060+02 CO0 ( 10, 14)=-1,588630+03 €O ( 10, 16)= 1,61401D+0S C0 ( 10, 17)2-1.2360404+05 :
€0 € 11, 5)=-2,650440400 €O (11, 6)= 4.326850-01 €O 11, 7)3-1,206700+00 €O (11, 8)=-3.412260400 ,M“m,,
Figure 7. E927 Aeroelastic Rotor Matrices.
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€O (1), 9)=-6,720900+03 €0 ( 11, 10)= 1.106150+01 €0 (11, 11)s 8.41718D+03 co (11, xzn:-a 197150404 |

N AR L T S T R ) P TAT IS BETE TS 117} i o R S S M T 31711, 17)= 1.460930403

co (12, 4 co {12, 2.65044D400 €O (12, 7)= 3.412260+00 €O ( 12, 815-1,206700400

co (12, 1.135150¢01 co (12, 6.720900+03 €O € 12, 11)= 8,197150404 €0 [ 12, 12)= 8.417180+03%

co (12, 1.903410401 co (12, 8.651..4J+01 o (12, 16 480930403 €O (12, 17)= 3,604860403 _ .

coT N3 2.2133720-02 7 [ 2 T 5.479690-02 77 T €01 13,777 95906D-61 — T €d Tt 13,77 d)= Y. 470670-02 T

€O (13, 9)= 8.472450401 €O ( 13, 10)5-1,548450+02 €O ( 13, 11):-4.45914D+01 €O ( 13, 12)= 3.391770D+01

€O ( 13, 13)= 6.378210+00 €0 (13, 14)= 3,206070400 €0 (13, 16)z 1.837200+02 co ( u. 17)= 3,101910+402

€O ( 14, 5)= 5.47969D-02 €O ( 14, 6)=-2,213370-02 €O (14, 7)= 1.47067D-02 ( 14, 8)5-1.95906D-01

TCOTTE 16,779 IBABAEDH02TTTTTTICO TG I8 =S8 147249D4 01T CO T4 YN FE S s 00l T ca—t 14. 123374748914 v01l T

€O ( 14, 13):-3.20607D+00 €0 ( 14, 14)= 6.378210+00 €0 ( 14, 16):~3,10191D+02 co (14, 17)= 1. a:wzooooz
6.194990-01 €o (15, 2):-3,848130-01 co (15, 2.584080403 co ¢ 15,

= 5.93016D402 €0 ( 16, 5)= 2.180380+01 o ( 16, 6.800660D-01 co (16, )

107855404017 77 TCOTT (16T 9)=T4.50258D%04°T 7T TEOT (T16,7100579.204750984 RO VTR § SEEC I VLTIV TE T S
8.46216D+02 €O ( 16, 13)= 1.100990¢03 CO ( 16, 14)=-3,280020+02 co ( 16, 1613 1.139020+05
1.909420405 €O (17, 5)= 6.80066D-01 €0 ( 17, 6):-2.18038D+01 co ( 17. 7)% 1.76554D+01
6.138420400 €O (17, 9)3-9.28475D¢04 €O € 17, 10)3-4.50756D404 7, 1113 8.646216D¢02 ]
982564003 T T L0 I I3 302800204027 TEO TUTLY T 14)E 100990.63"‘“"’!:0—( 17. 1833179004307
1.139020405 . ra

KO U TRy IT=5.95342040) T 7T KO T Y, 21E-60193370+400 T 7T KO T "1, 7T 3VES1T043510402 7 T KO Tl 71,7743 6L 33454De01 ST T

Ko ( 2, 1)3-1,17626D-01 KO ( 2, 2)= 2.775160+02 KO ( 2, 3)z-1.92013D+02 KO ( 2, 4)=-1.228020+02

Ko ¢ 3, 1)=-1,115350+02 KO € 3, 2)3-1.496630902 KO [ 3, 3): 9.87266D+05 Ko ( 3 4)= 9.008480+04

KO ( 4, 1)= 2.650720401 KO ( 4, 2)3-1,023690+02 KO ( 4, 3)= 2.00478D+04 KO ( &, &)= 7.583300+04

KO0~ 57 512 50191900401 T KO TR ;814570756884 66 T TKOTTTTS 7 NESET178050400 T T RETUTTE, T8 VECY I ¢sb4a8be0 T

KO ( 5, 2-1.42588D+02 K0 ( 5, 10)=-6.316290402 KO ( 5, 11)= 6.921050+01 KO ( 5, 12):-8.25893D401

KO ( 5, 16)= 8.45606D+00 KO ( B, 17)% 4.45084D+01 KO ( 6, 5)= 7.756880+400 KO { ‘6, 6)3 5,191900401

K6 (6, 7)= 3.650480400 KO ( &, 8)=-6.17805D+00 KO ( 6, 9)c 6.31629D+02 KO ( 6, 10)3-1,425600402 .

TKOT (T 657 11)=7B.258930401°7 T KO (T 637 12)=76.921050401° T KO T 657161274, 450840401 T TKE T 6,7 17)=58.456060300° [ T

KO { 7, 5)=-1.023040-01 KO ( 7, 6)=-3,154646D+00 KO 7, 7)= 2.647650402 Ko «

Ko € 7, 4.7408604+01 Ko (7, 10)= 2.738150+02 KO € 7, 11):-1.688980+02 Ko . (

KO 2.365070400 7 KO ( 8, 5)3 3.15446D¢00 Ko V717

£75.433010400™ T RO BY T Y E 207381504027 TG T STIFFHEss

KO ¢ 8, 111 1.09639D+02 12)=-1.68698D+02 KO (8, 16)= 3.61716D+0} Ko MATRIX

Ko t 9, 2-1.498220+402 9, 6)3-6.043330402 KO t 9, 7)z 8.97590D+01 Ko 1.601990402

Ko (9, 9, 10)2-1,357870406 KO (9, 11)= 9.023410+04 KO 1.12534D0405

KO ™8 7 9,716)=-1.55924D404 "~ KO "l 7'9,71715-4.00041D404 ™ ™~ KO €.043830402 = "7 KO L 1.4%8220402 " T

X0 (10, KO ( 10, 8)= 8.975900+01 Ko (10, 9)3 1.357870+06 Ko (10, -1.16828D+05

Ka (10, 11)= KO € 10, 12)= 9.02341D+04 KO (- 10, 16)3-4.00141D+04 Ko ( 10, 1.559240404

KO (11, 5)= 3.24323D+01 KO ( 11, 6)= 7.160890+01 Ko €11, 7)=-1. Ko (11, 3.260230401

TKO TUTLL 9T 21019710404 T KO~ ("115,710)="1. 815840405~ Ko™ (1153711 TO31510H06 KO UL 2.274130405 T

KO 1 11, 16)5-1.346540405 KO (11, 17)= 1.73866D+04 KO (12, 5)3-7,160890¢01 Ko ( 12, 3.243230401

KO (12, 7)=-3,260230+01 KO ( 12, 8)3-1.48465D¢02 KO ( 12, 9):-1,81584D+05 KO (12, 5 2.019710404

K0 (12, 11)= 2.274130405 KO ( 12, 12)=-1.03151D+06 KO ( 12, 16)= 1.73866D+04 . Ko (32, 1.34654D405

KO (713" "5)=71.71I56D0¢00 = ™ “KO' (135 6)273,30894D04017 T TKOTT(TLIGT 7)sEE, 123520400 T T KO (13 BI578.496050400 [ —

KO (13, 9)=-4.083650+03 t 13, 10)= 1.73255D+03 Ko ( 13, 11)= 7.53296D+02 Ko ( 13, 7.563590+02

KO ( 13, 16)= 1.250430+02 (13, 17)=-1.633530+04 KO ( 14,  5)= 3.30894D+01 KO ( 14, 1.71156D400

KO ( 14, 7)3 8.49605D+00 14, 8)= 5,123570+00 KO ( 14, 9)s 1,73255D+03 Ko ( 14, = 4,08365D+03

KO 14;711)= 7.563590402° 347 12125775329604027 KO ™0 147716 )2 "11633530404 " KO { T4y 17057 11250430602 T

Ko (15, 1)=-1,123280402 ( 15, 2)3-1,1280080+02 Ko 15, 4)= 3.811750403

KO ( 16, 5)=-2.71724D+03 ( 16, 6)=-5,95308D4+02 Ko 16, B8)3 2.585750¢02

KO ( 16, 91=-3.46399D405 { 16, 10):-1,452590+06 Ko ( 16, 12)3 1.965680405

KO™ET167716)2<1.27927D404 7 7 KO T "16,"17)5<17 085400404 " K@ =T 17,7~ 5)2-5: : 17,7602 2.70724D403 |

K8 (17, 7)= 2.58575D+02 Ko 17, 8)= 2.97354D+03 KO (17, 9):-1.45259D+06 KO (17, 10)= 3,46399D+35 :

K& € 17, 11)= 1.96568D405 KO ( 17, 12)=-9.85704D¥04 KO -{ 17, 16)= 4.294090+04 KO € 17, 17)5-1,279270404 &

Figure 7. Concluded.
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START

L0 et gttt Seboder driedatnt Duiecgts gt s Aettmiogs. ealysovs gyt ety it - oot Sttt foieaitets Sttt : S
. s
3 -.7388D+05 .4761D+05 -1159. -.3640D+05 -7113, -7990. ~&——
b .5097D+05__ 5162. 1280, =.31450405_ =.2262D405 _=7872,
37 -.4872D+05 -.6406D+05 -2092. .2115D405 -9757. .4468D+05
4 5685. .3954D+05 -1485. .2074D+05 -.18620405  8l42.
3 -.1814D+05  .1331D+05 -.2183D+05 .11920405 =-377%. 2450.
— & _.1098D+05  9765.. . __ 23950405 _ <1068._ __ <3433, _ - -,21860#05_ _ | . .. _
3 -5297. ~7481. 3837. .2389D0+05 -2835. ~.23190+05°
3 -.1678D+05 4603, 4839. -3193, .1415D405 -7586.
4 1798. 4008, 3211, -.11890+05  .2830D+05 .2380D+05 -
oo 3. =3666, 1584, =1096, =.13930+05__ ~4855. +226480+05 12X12 _
3 -.73230405 -.1612D%#06 -564.8 5860. -.3953D+05 . ~.2719D+05 THPEDAN CE
3 -.1856D+06  .4305D+05 -.25330405 ~.3573D+405 -.2671D+06 .75770D+06 MATTRIX
3 -.5267D+05  .12000+405  1974. -34270+405 6160, .2895D405 _
- 3 _-.6080D405 _ .4575D405 . '1763. _ _ ~1854. _ _ .3050D+05 __ .1918D+05 _ | .__ ' __ .
3~ T -73009 -.45000405 2332 7754. . .1210D+05 -6484.
3 -.4658D+05 -.7567D+05 -2801. 7650. -.1028D405  .5211D+05
3 -.1041D405 -.1353D+05 -.26413D+05 2607. 3170. .1954D+05
.3 -.2001D+05__ 8220, =.22110405  .116410+05 -4310, 1508,
4 .2072D+05 -.22770+05 -5340. ~4584. -.1504D+05  .1843D+05
3 -5064. -.20890+05  2782. .2603D+05 -2737. -.3928D+05
3 -2842. 11850405  1050. .12400405  -5042. ~2697.
- 53%. . 313.0_ . 4602. _ __ =656.5 __ __ _.39290+05  .38200#05  _: __ . _. _
4 .1537D%06 <=.49810+05 .35510+05  9127. ©.1980D406 -.6794D+06 | -
3 -.7980D+05 ~-.1122D+06 5994, -1600D+06 = 17350406 .1215D406 <~ 7 ¢ .4
4 200.2 2.373 1.144 36.69 247.9 123.6 . :! Sorce
3 =90.68 10.26 =76.03 =174.6__ 112.3 -17.10 — e
, VEL R
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Figure 8. Sample User Input of Rotor Impedance
Matrix and Force Vector.



... SUMHARY OF ROTOR HUB  _4/REV _LOADS AND HUB YMPEDANCE HATRIX CALCULATIONS FOR_ 4/REV. VIBRATORY. HUB ACCELERATIONS

UNITS... U(SHEAR) = LBS, U(MOMENT) = FT-LBS, U(LINEAR ACCELERATION) = FT/SEC2, U(ROTATIONAL ACCELERATION) = RAD/SEC2

. CONVENTIONAL FOURIER SERIES REPRESENTATIONS

Figure 9.

Sample Output of Rotor

and Force Vector.

HUB LOADS VXPC vYPe vzre HXPC WYPC WZPC
LONG. SHR (v, AFT) €o§  200.2 -.7388D+05 .4761D405 <~1159. -.3640D¢05 <7113, ~79%0.

LAT.  SHR (+, STRBD) cos 2,373 -.48720405 ~.6406D+05 -2092. .2115D405 -9757. 64680405
Geusy T TTIied” T T TB1ADe05 T L 13310405 T 21830405  .11920405 3774, 2450.
ROLL MOMT (¢, STRBD UP)  COS  34.69 -5297. -7481, 3837, .23890405 -2835. -.23190+05

“UPITCH MONT (+, NOSE UP)  COS  247.9 1798, 4008, 3211, ~. 11890405 .28300405  .23800+05
YAR HOMT (+, OMEGA DIR.) €OS 123.6 ~.7323D405 ~.16120406 -564.8 5860. -.39530405 ~.27190+05
ToNG. TSHR (%, RFT) T T TSIN T90.88 T T 5267D+05 T .12000405 1974, .34270+05  6160.7 — .28950+08"
LAT.  SHR (+, STRED) SIN  10.26 -730.9 -.4500D+405 2332, 7756, .12100405 -6484.

TVERT. SHR (+, UB) SIN -76.03 =.10510305 -.13530405 -.24130405  2607. 3170. .19540+05
ROLL HOMT te, STRED UP)  SIN -174.6 .20720405 -.22770405 -5340, -4584, '-.1504D405  ,1843D405

TPITCH HOHT T, “URY TSI T 1123 T T-zse2 — H18%0465 LGB0 T " T2400408 Ts0aET T TisEeT.
“YAM HOMT (e, OMEGA DIR.) SIN -17.10 .15370406 ~-.4981D+05 .35510405  9127. .1980D406 -.6794D406

VXPS VViS VZP§ KPS WYPs Wzps

LONG. SHR (s, AFT) _ _ €OS _.:50970%05 _5162. -1280. __ -.3145D405 -.2262D+05 =-7872. _ __
LAT. SHR (e, STRED) cos 5685, .3954D+05 -1485. .2074D405  -.18620+05  8142.

_VERT, _SHR_(+, UP) cos .1098D405 9765, .2395D405 _-1068. -3433, -,21860405
ROLL . HOMT (+, STRED .UP)}  COS -.16780+05 4603, 4839, -3193. .1415D0+05 -7566.

L PITCH MOMY (4, WOSE UP) COS = _-3666. 1364, _51936.:_ o .o-13930¢05 -4855. _.22480405
YAH HOMT (+, OMEGA DIR.) COS -.1856D406  .4305D405 =-.25330405 ~,3573D¢05 -.2671D+06 75770406
LONG. SHR (+, AFT) SIN ~.6480D+05  .4575D+05  1763. -1854. .3050D405  .1918D+05
LAT.  SHR (s, STRBD) SIN -.4658D+05 -.7567D+05 -2801. 7650, -.10280405  .52110405

CVERT. SHR (e, UMY SIN __ -:2001D+05  8220. ~  -.2211D405 _.1141D¢05 -4310. ~  1508.
ROLL MOMT (+, STRED UP) _ SIN -5064. -.2089D+05 2782, .26030+05 -2737. -.392680+05
PITCH HOMT {+, NOSE UP)  SIN 5394, 313.0 4402. -656.5 239290405 38200405
YAH  MOMT (+, OHEGA DIR.) SIN -.7960D+05 ~.1122D406 5994, ,1600D406  .1735D+06 12150406

Impedance Matrix
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Figure 12. Uniform Beam Segment BM1l.
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TRANSMISSION

NODE | TKEX (BEAM STIFFNESS)
TKEY - :
PIVOT 2 TKEZ
Wl -
’ I PIVOT | J
\
NODE 2 : -
FUSE LAGE . )
z ' y
BT NODE Yot
. NODE 1
Xy ' Xgr
TKTZ
- TKTY
Zg It
T T ’s TKTX
T
W| ( W| ¢T .[ - Xg 1 > X7
PIVOT 2 D PIVOT 2 PIVOT | 4%
. ’ Yaf
TKAZ TKAY S TKAX T
~l
Par XaF
NODE 2
le B L NOTE: g, 1S ROTATION COORDINATE
T FOR 2ND ANTI- RESONANT BAR WEIGHT
(W, NOT SHOWN)
IDE_VIEW '

TOP VI

Figure 16. Two Degree-of-Freedom Vibration Isolator Isl.
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* * -
* SIMVIB PROGRAMNM *
* . *
% INPUT. AND. INTERNAL. CALCULATIONS ... .
* EMPLOY STANDARD UNITS *
* (FOOT, POUND, SECOND). *
* *
L JEIEETIEIE I I 2626 DI I I U I 2063 3 3696 6 263 260K DI IEIE 2 M3

(a) Program Name and Units

TITLE 1 - SIMVIB PROGRAM TEST RUN
.. TITLE 2. - IHPLANE BIFILARS WITH 5 MODES ..
TITLE 3 - FORCED RESPONSE SOLUTION

TITLE 64 -~ W (HZ)

(b) Run Title Cards

Figure 17. Base Program Output Samples.
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INPUT

DECK

CARD

LISTING

INAGE

FEDEHEI 03I 636 I3 I 06 2 36 3636 36 I 636 36 36 3 636 6 3 36 36 36 36 366 26 6 36 36 36 36 36 26 36 36 26 26 36 26 16 36 36 36 3 6 3636 36 36 366 36 6 36 36 36 2 I 06 D66 36 36 3636 36 36 26 36 96 3636 6 26 36 D 3 2 06 4

B 7.} W T e e e e e e s e o s e e 8006000 - —
1/ 1.000D+00 0.0 0.9 /% CONNECTION NODE NUMBER */ 0007000
2 / 1.000D+01 0.0 0.0 /% MASS */ 0008000
3/ 1.2000-01 0.0 0.0 /% DAMPING RATIO #/ 0009000
&4 /. _2.5000404 0.0 0.0 /% _SPRING STIFFNESS %/ 0010000
5/ 1.000D+00 1.000D+00 1.0000+00 /% MOMENTS OF INERTIA - %/ 6011000
8/ 0.0 0.0 0.0 /% EULER ANGLES %/ 0012000
-11 / 1.000D-02 2.000D-02 0.0 /7% INITIAL VALUES */ 0013000
6F1 2 0 0015000
1/ 1.000D+00 0.0 0.0 /% CONNECTION NODE NUMBER %/ 0016000
27 0.0 0.0 0.0 /% EULER ANGLES %/ 0017000
5 /_1.5000403 4.0000+02 0.0 /% X _FORCE - €OS _, SINE_ %/ 0018000
7770.0 0.0 0.0 /% Y FORCE - €0S 'y SINE %/ 0019000
97 0.0 0.0 0.0 /%.Z FORCE - €OS , SINE %/ 0020000
11/ 0.0 0.0 0.0 /% THETA1 FORCE - COS , SINE ®/ 0021000
.13/ 0.0 0.0 __ _0.0 _/% THETA2 FORCE - COS_,_ SINE _%/ 0022000 _
-15° /77 6.0 0.0 0.0 ¥ THETAS” FORCE - -"€0S”, SINE ~%/ 0023000
TH1 3 0 0025000
1/ 2.5000-01 0.0 0.0 + /% NEWMARK BETA_FACTOR */ 0026000
27771.0000-0270.0 0.0 7% TIME INCREMENT SEC */00627000
3/ 1.000D+00 0.0 0.0 /% MAX TIME SEC */ 0028000
4/ 6.0000400 0.0 0.0 /% FORCING FREQUENCY HZ %/ 0029000
.5/ 00 0.0 __ 0.0 ___ __ /% DEBUG SELECTOR_ L __ %/ 0030000 __ __ _ _
<67 0.0 0.0 0.0 /% RESTART FLAG %/ 0031000
us1 4 0 /% MODAL STRUCTURE TYPE1 %/ 0033000
1/ 0.0 0.0 0.0 /% DAMPING RATIO */ 0034000
27771.0000+00 0.0 0.0 /% GENER. MASS LB-SECXW2/IN %/ 0035000
3/ 0.0 0.0 0.0 /% MODAL FREQUENCY HZ %/ 0036000
4/ 1.0000+00 0.0 0.0 /% NUMBER OF NODES %/ 0037000
. .5 4._1.0000400 0.0 0.0 ____ _/* NODE NUMBERS _ _%7. 0038000 _ _
10 77 1.0000+60 0.0 0.0 7% MODE ‘SHAPE */76039000
13/ 0.0 0.0 0.0 /% MODE SHAPE %/ 0040000
40 / 0.0 0.0 0.0 /% EULER ANGLES #/ 0041000
-56 /_2.000D-02 0.0 0.0 /% INITIAL VALUES %/ 0042000
GEN 5 ] /% GENERAL ELEMENT %/ 0044000
1/ ©.0000+00 0.0 0.0 /% =D ND PRINTOUT OF RESULTS %/ 0045000
710 ¢/ 1.2000-01 0.0 0.0 /% VALUE FOR 3-D PLOTS- DAMP. %/ 0046000
STOP

(c). Input Data Listing

Figure 17.

Continued.



COMPONENT :BIFILAR ... swssssw¥x  HORIZONTAL LINEAR BIFILAR wxx
1 NCNL  CONNECTION NODE NUMBER END 1 (MDD ... .. oo o o o
2 N TOTAL NUMBER OF BIFILARS (ND)
3 1B _ BIFILAR MASS .(SLUGS) ... ... .
4 RR DISTANCE FROM CENTER OF BIFILAR TRACKING HOLE TO CENTER OF ROTATION (INCH)
5..R. . .. .EQUIVALENT PENDULUM ARM (INCH)
6 ZETGAM INPLANE BIFILAR DAMPING RATIO C/CCRIT (NTD)
,,,,,, 7 OMEGA __-BIFILAR ROTATION SPEED (RAD/SEC) ... oo v o
8 THETA EULER PITCH ANGLE AT NODE - ROTATE SECOND ABOUT THE Y-AXIS (DEGREES)
9 PHI_ _ EULER ROLL ANGLE AT.NODE . - ROTATE THIRD ABOUT THE X-AXIS (DEGREES) .
10 XsI EULER YAW ANGLE AT NODE - ROTATE FIRST ABOUT THE Z-AXIS (DEGREES)
. 11 GAMMAC_ COSINE COEFFICIENT OF INITIAL PENDULUM CYCLIC DISPLACEMENT (DEGREES)
12 DGAMMC COSINE COEFFICIENT OF INITIAL PENDULUM CYCLIC VELOCITY (DEGREES/SEC)
_ 13 _GAMMAS SINE COEFFICIENT OF INITIAL PENDULUM CYCCLIC DISPLACEMENT (DEGREES) ...
14 DGAMS SINE COEFFICIENT OF INITIAL PENDULWM CYCLIC VELOCITY (DEGREES/SEC)

1L

(d) Component BF1 Data

Figure 17. Continued.

ELEMENT:

1.

4

9.31680D-01 -

1.84200D0+01

. .1.96080D400 - o e s

2.50000D0-03

,,,,,,,,,,,,, 2.70177D+01

0.0

e 000 e
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COMPOMENT:BIFILAR .. swxsxxu¥%  VERTICAL LINEAR BIFILAR %*x . ) ELEMENT:
1 NCNL  CONNECTION MODE NUMBER END 1 (MDD o o o o i i oo e o e o e o e e o e e e 1
2 N TOTAL NUMBER OF BIFILARS  (ND) , 4

3. MB ... BIFILAR MASS (SLUGS) ... oo e o n9f316809_01 _
4 RR DISTANCE FROM CENTER OF BIFILAR TRACKING HOLE TO CENTER OF ROTATION (INCH) 1.84200D+01

__5_R. . .. .EQUIVALENT PEMDULUM ARM (INCH) . L e e e e .. 1.228000408 - e e .
6 ZETBET VERTICAL BIFILAR DAMPING RATIO C/CCRIT (NTD) ' . 2.500000-03

....7 . .OMEGA_ . BIFILAR ROTATION SPEED CRAD/SECY oo oo e o s e e e 297017 TDOL
8 THETA EULER PITCH ANGLE AT NODE - ROTATE SECOND ABOUT THE Y-AXIS (DEGREES) ' 0.0

.9 PHI_ __ EULER ROLL ANGLE AT.NODE .- ROTATE THIRD ABOUT THE X-AXIS (DEGREES) . - - .. . o040 v o o
10 XSI EULER YAW ANGLE AT NODE - ROTATE FIRST ABOUT THE Z-AXIS (DEGREES) _ 0.0

_11_BETAO _ BIFILAR MASS COLLECTIVE INITIAL FLAPPING ANGLE (DEGREES) .. . .. 0.0
12 DBETAO0 BIFILAR MASS COLLECTIVE INITIAL FLAPPING VELOCITY (DEG/SEC) : 0.0

13__BETAC. _BIFILAR MASS COSINE COEFFICIENT OF INITIAL FLAPPING ANGLE (DEGREES) . . .. .. .. 0.0
16 DBETAC BIFILAR MASS COSINE COEFFICIENT OF INITIAL FLAPPING VELOCITY (DEG/SEC) 0.0
_15__BETAS._ BIFILAR MASS.  SINE COEFFICIENT.OF INITIAL FLAPPING ANGLE. (DEGREES). . ... oo 0.0

16 DBETAS BIFILAR MASS = SINE COEFFICIENT OF INITIAL FLAPPING VELOCITY (DEG/SEC) 0.0

(e) Component BF2 Data

Figure 17. Continued.
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~ COMPONENT :BEAM1 . *AHAHMKNH BEAM ELEMENT TYPE 1 33K %34%%

L1 IZZ | BEAM SECOND MASS MOMENT OF.INERTIA ABOUT. THE Z-AXIS .(SLUG-FTx2) . ... ... ..

1 NCH1 | COKNNECTION NODE NUMBER END 1 (ND) ... ..

2 NCN2 COMNECTION NODE NUMBER END 2 (ND)

..3..E. ... BEAM ELASTIC MODULUS (PSI)... .. ... S e
4 A BEAM CROSS-SECTIONAL AREA (FT*%2)
5. IYA ... _BEAM SECOND AREA HOMEMT OF INERTIA ABOUT THE Y-AXIS (FT¥x4) .. - S e
6 IZA BEAM SECOND AREA MOMENT OF INERTIA ABOﬁ THE Z-AXIS (FT#x4)
7..6J .. BEAM TORSIONAL STIFFNESS (SLUG-FT/RAD) ... ... R SRR
8 MO MASS OF BEAM (SLUGS)

.9 IXX. .. BEAM SECOND MASS MOMENT OF INERTIA ABOUT THE X-AXIS (SLUG-FT®%2).. ... - . wo oo oo

10 IYY BEAM SECOND MASS MOMENT OF INERTIA ABOUT THE Y-AXIS (SLUG-FT%%2)

12 UCG OFFSET OF BEAM CENTER OF GRAVITY FROM ELASTIC AXIS IN X-DIRECTION (FT)

.13 VCG . _OFFSET OF BEAM.CENTER OF_GRAVITY FROM ELASTIC AXIS IN Y-DIRECTION (FT)

14 HCG OFFSET OF BEAM CENTER OF GRAVITY FROM ELASTIC AXIS IN Z-DIRECTION (FTY)

16 THEYAL EULER PITCH ANGLE AT END 1 - ROTATE SECOMD ABOUT THE Y-AXIS (DEGREES)

17 PHIL1 EULER ROLL ANGLE AT _END 1.- ROTATE THIRD.ABOUT THE X-AXIS (DEGREES)

18 XSI1 - EULER YAW ANGLE AT END 1 - ROTATE FIRST ABOUT THE Z-AXIS (DEGREES)

20 PHI2 _EULER ROLL ANGLE AT END 2 - ROTATE THIRD ABOUT THE X~-AXIS (DEGREES)

21 _XSI2_ EULER YA ANGLE AT END 2 - ROTATE FIRST. ABOUT.THE. Z-AXIS (DEGREES) . ..

(f) Component BM1 Data

Figure 17. Continued.

ELEMENT: 2

1

2
3.000000+07
1.66700D-01
8.03760D-06
3.215000-05
2.00000D+08

8.00000D-02

0.0
0.0

0.0

. 4,00000D-01 ... s

0.0

. 0.0 ..

.19 _THETA2 EULER_PITCH ANGLE AT END 2. - ROTATE SECOND ABOUT. THE.Y-AXIS (DEGREES) .o
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DEBUG SELECTOR
=0

E-) No DEBUG PRImoUT“ mrerw  tastets  mewes  ama weseer e Seesmw ...u.. —— tvavamn o—— ...... eevs  mwwm  pessues  mwmmw  Seasm  wmess

= 1 ==> TRACE MATRIX ASSEMBLY AND SOLUTION

(i) Component EG2 Data

- Figure 17. Continued.

COMPONENT :CONSTR1 e H%E  CONSTRAINT COMPONENT 1 3636636363636 53¢ ELEMENT:
1 NCN . CONNECTION NODE NUMBER (ND) .. ... ... .. .. e e 1.
2 CONSTR DEGREE OF FREEDOM SELECTOR
= 0 DEGREE OF FREEDOM CONSTRAINED
- = 1. DEGREE OF FREEDOM .FREE. . . ... . ... ... .
Y Z THTX THTY THTZ
0 0 ] 0 0 1
..8_.THETA.. _EULER PITCH ANGLE. (DEGREES) - ROTATE SECOND ABOUT THE Y-AXIS. . - . . - o 0 oo o 0.0 -
9 PHI EULER ROLL ANGLE (DEGREES) - ROTATE THIRD ABOUT THE X-AXIS 0.0
.10 XSI .. EULER YAW ANGLE. (DEGREES) - ROTATE FIRST ABOUT THE Z=-AXIS . ccns o oo 0.0
(g) Component CN1 Data '
COMPONENT :EIGEN1 Ldesesexsxxnuk REAL EIGENSOLUTION 3696363633 3363 ELEMENT:
.1 IDEBUG DEBUG SELECTOR .. e e e e e e e .1
= 0 ==> NO DEBUG PRINTOUT
= 1 ==> TRACE MATRIX ASSEMBLY AND SOLUTION
(h) Component EG1 Data
COMPONENT:EIGEN2 NN NN  COMPLEX EYGENSOLUTION 3336263636636 3 3¢ ELEMENT:
1 IDEBUS 1



SL

COMPONENT : FIXABS1 IR NN FIXED SYSTEM ABSORBER_TYPE_ 1 MMXXMMXNNN ELEMENT : . 2

. 1_NCN__ _ CONNECTION NODE. NUMBER .(MD). __ ... ... .. S U SR
2 Mo ABSORBER MASS (SLUGS) , 1.00000D+01,
3_ZETA . _ABSORBER DAMPING RATIOQ (ND) : 4 1.20000D=01
4 Ko ABSORBER STIFFNESS (LB/FT) 2.50000D+06
.5 _IXX_ .. ABSORBER. SECOND MASS. MOMENT OF INERTIA.ABOUT. THE X.AXIS (SLUG-FT#¥2). ___ _.. . _ ._1.00000D400. .. — ...
6 IVY ABSCRBER SECOND MASS MOMENT OF INERTIA ABOUT THE Y AXIS (SLUG-FT#%2) " 1.000000+00

L. 122 ABSORBER_SECOND MASS MOMENT OF IHERYTA ABQUT THE Z. A%IS. (SLUG-ET¥%2) 1.000000400
8 THETA  EULER PITCH ANGLE (DEGREES) - ROTATE SECOND ABOUT THE Y-AXIS 0.0 '

9. PHI____EULER ROLL ANGLE (DEGREES) - ROTATE THIRD_ABOUT THE X=AXIS . . .l i om0 s

10 XSI  EULER YAW ANGLE (DEGREES) - ROTATE FIRST ABOUT THE Z-AXIS . 0.0
11 _DELTA__ ABSORBER MASS INITIAL DISPLACEMENT (FT) 1.00000D202 oo
12 DDELTA ABSORBER MASS INITIAL VELOCITY (FT/SEC) : 2.00000D-02
(j) Component FAl Data
COMPONENT : FORCERL *xxxx*xxx*% FORCED RESPONSE SOLUTION TYPE 1 M¥xxxxxxx# ELEMENT: 8

1 _OMEGA . FORCING FREQUENCY (HERTZ) . _ .. .. . ... o o ot o o o . 1.95200D401.
2 IDEBUG DEBUG SELECTOR S 0
= 0 ==> NO DEBUG PRINTOUT
Cy e = 1 ==> TRACE MATRIX ASSEMBLY AND SOLUTION

3 ICONVG OUTPUT DISPLAY SELECTOR ' o
0 ==> DISPLACEMENTS (FEET) :
...... s 22 1 33> ACCELERATIONS (G'S) e - e R e

(k) Component FR1 Data

Figure 17.  Continued.
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...CONPONENT sGENINPUT . oot GENERAL. INPUT. FOR. PROGRAM CONTROL... 23%X%X%¥%%X. .. o ELEMENT S 9.
e A L JICNTLY .PRINT SELECTOR FOR._FINAL RESULTS ... ... ... .. - - - 0.
.= ==> SUPPRESS LINE PRINTER OUTPUT

=1 ==> FUll LINE PRINTER OUTPUT
crrso o JENTEZ  PRINT. SELECTOR_FOR. COMPONENT. INPUTS 1

= 0 ==> SUPPRESS LINE PRINTER OUTPUT

=1 ==> FULL LINE PRINTER OUTPUT
O 2 ] l—_.:.~:1:..-..-.OIEEN-ALDCATIDNSMFOR, FUTURE USE.. e s i it e e me e e o srems = - — —-

10 XINDEP INDEPENDENT VARIABLE FOR 3-D PLOTS 0.0

(1) Component Gen Data

Figure 17

.. Continued.
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e A NCH.. ... CONNECTION.NODE NUMBER._ENDJY . v o s i i e i e oo cvve o v ame v+ oo e somne onrin 2w ht s s
THETA  EULER PITCH ANGLE (DEGREES) - ROTATE SECOND ABOUT THE Y-AXIS 0.0
3...PHI EULER. ROLL.ANGLE_(DEGREES)._=.ROTATE.THIRD ABOUT..THE.X-AXIS 0.0
XSI EULER YAHW -ANGLE (DES-REES)"- ROTATE FIRST ABOUT THE Z-AXIS' 0.0

4
I 5. FXCO0S.. _COSINE. COMPONENT. OF. X.DIRECTION. FORCE. .. ALB) . i e ot et e e i civive coome ire e <L o TOOOOD 40T e e e

6

7

FXSIN  SINE COMPONENT OF X DIRECTION FORCE (LB) 0.0
JR— -~ EYCOS...._COSINE. COMPONENT..QF..Y.DIRECTION.FORCE.....(LB) 0.0
‘8 FYSIN  SINE COMPONENT OF Y DIRECTION FORCE () ' . 1.10000D+03
— 2 _FZCQS... COSINE COMPONENT OF.Z DIRECTION FORCE.. LLB). o .o e e - _~, T | e —
10 FZSIN SINE COMPONENT OF Z DIRECTION FORCE s) V . 0.0
- ._l.l...“ﬂlicosﬁ_..COSINE..ACOHEDNENI...OE..IHETA...I..AHOHEM {1B) [/ OO
12 FT1SIN SINE COMPONENT OF THETA 1 MOMENT (IN-1B) 0.0

— .A3_FT2C0S ._COSINE_COMPONENT. QF. THETA 2 MOMENT. . . (IN-LBJ o o o s e e e e e oo e B0 e e e e oo e

14 FT25IN SINE COMPONENT OF THETA 2 MOMENT (IN-LB) ’ . 0.0
...1%__FT3C0S._COSINE. COMPONENT.OF. THETA 3. HOMENT......._ (IN<LB)..... 0.0

16 FT3SIN SINE COMPONENT OF THETA 3 MOMENT {IN-LB) . 0.0
— )7 _IHRESP_ HHC_FLAG ... _. e e e e e e e e e e e e D e

= 0 HHC NOT ACTIVE
= 1 HHC ACTIVE

38 _WZX ___WEIGHT_FOR_X.RESPONSE 0.0
19 Wz WEIGHT FOR Y RESPONSE 0.0

_ .20_WZZ . WEXGHTFOR ZRESPONSE. __ _ _ 00
21 WZHX  WEIGHT FOR THETAl RESPONSE : : o 0.0
22 WZWY _ WEIGHT FOR THETA2 RESPONSE ' _ 0.0
23 WZMZ  MEIGHT FOR THETA3 RESPONSE o 0l

(m) Component GF1 Data
Figure 17. Continued.
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- gmmgmxxsouygl wuswununnns  JSOLATOR TYPE ) _Sussuswnsn CLEMENT S 1
- L_NCNL__ _COMNECTION NHODE MB®ER R __ _ . . o) e
2 MNCN2 * CONNECTION NODE NUMBER 2 ) _ S © (ND) H .
3 At DISTANCE PETWEEM NODE } & PIVOT 2 {IM) 1.250000¢80
4 BL DISTAMCE BETWEEN PIVOT 2 & Y-Z ISOLATOR tIN) 1.000000+401
B CL__ _ DISTANCE BETWEEN PIVOT 2 A NOOE 2 _ . __ _ _ _ __ __ __ _ — im0 .
6 oL DISTANCE BETHEEN PIVOT 2 & X ISOLATOR (IN) 0.0
7 M WEIGHT OF Y-Z ISOLATOR (189) §,400000+Q1
8 XI1Y  INERTIA OF Y-Z ISOLATOR ABOUT THE Y-AXIS (IN-LB-SECH*Z) 0.0
. —_XI3Z_ _IMERTIA OF Y-Z ISOLATOR ABOUT THE Z-AXIS - __ __ __ __ __ __ _‘!'_"E-S_EC."_"ZL _ e _
10 W2 WEIGHT OF X ISOLATOR = (183) 0.0
11 XI2Y  INERTIA OF X ISOLATOR ABOUT THE Y-AXIS ' = (IN-LB-SECHN2) 0.0
12 TXTX X STIFFNESS BETHEEN NOOE 1 4 PIVOV 1 (LBS/IN) 1.00000D401
=13 TKVY __ Y STIFFNESS BETWEEN HOOE LIJI!_OT_! e e iBS/IN) . 2.000000009 .
14 TKYZ  Z STIFFNESS BETWEEN NOOE 1 & PIVOT 1 . {LBS/TN) 1.000000+09
15 TKEX____ X STIFFNESS BETHEEN PIVOT 1 & NOOE 2 (1BS/IN) 1.00000D+08
16' TKEY Y STIFFNESS BETHEEN PIVOT 1 & NCDE 2 . (LBS/IN) 1.000000+05
17 _TKEZ X STIFFNESS BETWEEN PIVOT 1 s NOOE 2 (LBS/IN) __ _1.000000%05__ __ __ _ __ __
18 TKAX X STIFFHESS BETHEEN NODE 2 & PIVOT 2 - (1BS/IN) 1.000000¢09
19 TXKAY Y STIFFNESS BETWEEN NOOE 2 & PIVOT 2 ] (LBS/IN) 1. 09
20 TKAZ  Z STIFFNESS BETWEEN NODE 2 & PIVOT 2 (LBS/IN) 1.50000D+04
Tl RKTHB__ ROTATIONAL STIFFNESS OF WODE 2 ABOUT THE Y-AXIS _ _ _ _ __ _ (IN-ts/fap) 0.0 _ .
22 RKTHT  ROTATIONAL STIFFNESS OF PIVOT 2 ABOUT THE Y-AXIS (IN-LB/RAD} 0.0
23 RKPHT  ROTAVIONAL STIFFNESS OF PIVOT 2 ABOUT THE Z-AXIS {IN-1B/RAD) 0.0
24 TCTX X DAMPING BETHEEN NOOE 1 & PIVOT 1 (ND) $.000000-02
25 _TCTY Y DAMPING BETWEEN NOOE ) & PIVOTY = _ __ _  _ _ _ ___ _ (M)  5.000000-02
26 TCTZ  Z DAMPING BETWEEN MOOE 1 & PIVOT 1 (ND) 5.000000-02
27 TCEX X DAMPING BEYWEEN PIVOT 1 & NOOE 2 . (D) . 5.00000D-02
28 TCEY Y DAMPING BETWEEN PIVOT 1 & NOOE 2 o i 1) 5.00000D-02

(n) Component IS1

Figure 17. Continued.



29 TCEZ __Z DAMPING BEYWEEN PIVOT 1 & HOOE 2 ——{N)_____5.000000-02.
30 TCAX X DAMPING BETHEEN NODE 2 & PIVOT 2. . (M) 5.00000D-02
_31_TCAY_ _Y DAMPING BETHEEN NODE 2 & PIYOT 2 __ _ __ __ _ _ _ __ __ . _ __ fN0) _ _5.000000-02_
32 TCAZ  Z DANPING BETHEEN NOOE 2 & vab; 2 (Ho} 5.000000-02
33 RCINB _ ROTATIONAL DAMPING OF HOOE 2 ABOUT YHE __Y-AXIS (ND) £.000000-02
34 RCTHT  ROTATIONAL DAMPING OF PIVOT 2 ABOUT TH  Y-AXIS . (D) 5.00000D-02
.35 RCPHT __ROTATIONAL DAMPING OF PIVOT 2 ABQUT TH _Z-AX1$. _ _ _ _ _ __ __ . _(N))_ _ %.000000-02
36 NTX X FREQUENCY BEYHEEN NODE 1 & PIVOT 1 _ Hzy 2.480000+01
_37_wm1¢ Y FREQUENCY BETWEEN NODE 1 & PIVOY 1 (HZ) 2.480000401
38 Wiz Z FREQUENCY BETHEEN NOOE 1 & PIVOT 1 (HZ) 2.480000401
39 _MNEX X FREQUENCY BETWEEN PIVOT 1 4 NOOE 2 __ _ __ __ _ —_—— e — — . AHZ) _°_2.480000+01
40 HEY ¥ FREQUENCY BETWEEN PIVOT 1 & NODE 2 HZ) 2.48000D401
41 WEZ Z_FREQUENCY BETWEEN PIVOT 1 & NODE 2 (HZ) 2.480000401
42 WAX X FREQUENCY BETHEEN NODE Z & PIVOT 2 (HZ) 2.480000+01
_A3 WAY _ Y FREGUENCY BETMEEN WODE 2 4 PIVOT 2 __ __ _ _ _ _ _ __ _ _ _ _ ~{HZ) __ _ 2.480000¢01 -
44 HAZ Z FREQUENCY BETHEEN NODE 2 & PIVOT 2 (HZ) £.480000+01

_45 WYHR _ ROTATIONAL FREQUENCY OF NODE 2 ABOUT THE Y-AXIS (HZ) 0.0
46 WTHT ROTATIONAL FREQUENCY OF PIVOT 2 ABOUT TH Y-AXIS - (H2) 0.0
_47_\yPHY _ROTATIOMAL FREGUENCY OF PIVOT 2 ABOUT TH Z-AXIS  __ __ ___ __ ____ __ 2y 6.0 _ __ _
48 I3D20 CONTROL SWITCH ==> 2 FOR 2-D DAVI & 5> 3 FOR 3-D DAVI ISOLATOR (KD} 2
49 IFLEX _ ACCOUNT FOR FLEXIBILITY OF ISOLATOR BARS ==>0 = NO & s3>1 - YES () [
50 RXYMI  FREGQUENCY RATIO OF Y-Z ISOLATOR IN X-Y PLANE (ND) 0.0
_ 51 RXZM1 _ FREQUENCY RATIO OF Y-Z ISOLATOR IN X-Z PLANE __ __ () _ 6.0
52 RXZMZ FREQUENCY RATIO OF X ISOLAYOR IN X-Z PLANE Rt ) 0.0
53 DXYMI CRITICAL DAMPING OF Y-Z ISOLATOR IN X-Y PLANE : (ND) 0.0
54 DXZM1  CRITICAL DAMPING OF Y-Z ISOLATOR IN X-Z PLAHE ) (HD) 0.0
_55_Dxzme _CRITICAL DANPING OF X ISOLATOR INX-ZPLANE S ] IO X R
56 THETAL EULER PIVCH ANGLE AT END 1 - ROTATE SECOND ABOUT THE Y-AXIS (DEG) 0.0
57 PMIL  EULER ROLL ANGLE AT END 1 - ROTATE THIRD ABOUT THE X-AXIS ) (DEG) 0.0
58 XSI1 0.0

6L

EULER YAW ANGLE AT END 1 -~ ROTATE FIRST ABOUT THE Z-AXIS (DEG)

(n) Component IS1 Data

Figure 17. Continued.
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59 THETA2 EULER PITCH ANGLE AT END 2 - ROTATE SECOND ABOUT THE Y-AXIS

(DEG) 0.0
60 PHIZ2 EULER ROLL ANGLE AT END 2 - ROTATE THIRD ABOUT THE X-AXIS (DEG) 0.0
_61_XSI2 __FULER YAN ANGLE AT END 2 - ROTATE FIRSY ABOUT THE Z=AXIS -~ __ __ _ __ _ (DEG)_ __ _0.0.
62 XT PIVOT 1 INITIAL X DISPLACEMENT . (INCH) 0.0
63 DXT PIVOT 1 INITIAL X VELOCITY (IN/SEC) 0.0
64 YT PIVOT 1 INITIAL Y DISPLACEMENT (INCH) 0.0
_65 DYT_ __PIVOT 1 INITIAL Y VELOCITY. _ __ _ _ _ __ _ _ __ _ __ __ _ _ (INSEC) _ _0.0.
66 ZT PIVOT 1 INITIAL Z DISPLACEMENT - (INCH) 6.0
67 DZT PIVOT 1 INITIAL Z VELOCITY (IN/SEC) 0.0
68 XB ~PIVOT 2 INITIAL X DISPLACEMENT (INCH) 0.0
_69_DXB__ _PIVOT 2 INITIAL X VELOCITY  _ __ _ _ _ __ _ __ __ _ ____ _ _(IN/SEC) __ 0.0
70 YB PIVOT 2 INITIAL Y DISPLACEMENT (INCH) 0.0
71 DYB PIVOT 2 INITIAL Y VELOCITY -(IN/SEC) 0.0
72 2B PIVOT 2 INITIAL Z DISPLA'CEHENT (INCH) 0.0
73 DZ8_ _ PIVOT 2 INITIAL ZVELOGITY. _ _ _ _ _ _ _ _ _ _ __ _ ___ (INSEC) _ _ 0.0

(n) Component'151

Figure 17. Continued.
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COMPONENT :MODSTR1 S . o RekkN%  MODAL STRUCTURE TYPE 1 3¥%H3%¥%x S ELEMENT: : 1

1 ZETA . DAMPING RATIO (MDD .. . "o e v o o e o o e e e o o oo et i e e e o 3.6G0000D-02. . e o

2 Mo GEMERALIZED MASS (LB-SEC*%2/IN) - ’ i 1.80000D+00
.......... 3. OMEGA ... HODE FREQUENCY (HERTZ] .. s e e [V . 1.,61000D+01 R
4 NNODE NUMBER OF NODES DESCRIBED BY THIS MODE ] 1
..5__NODE... . CONNE(;TION };leE Mél!ﬁERSOOF NOgES DESCRIBED BY THIS MODE ... .. . ... .. . o . ------

10 GAMMA  MODE SHAPE. ENTER U, V, ﬁ-. THETAX, THETAY, THETAZ FOR EACH NODE:
.................................. u v N e W e THETAX <. oo . . THETAY - - . . THETAZ. --
0000+00 1.00000-02 -~

10-15 NODE 1 0000-01

1.0 2.4 0.0 0.0 0.0
16 - 21 HNODE 2 0.0 0.0 0.0 0.0 0.0 0.0
22 - 27 HNODE 3 0.0 0.0 0.0 0.0 0.0 0.0
.28 - 33 NODE & . ..0.0 .. .. .. 0.0. 0.0 0.0 0.0 0.0 v e
3 - 39 HNODE 5 0.0 0.0 0.0 0.0 0.0 0.0
40 EULER EULER ANGLES AT CONNECTION NODES. ENTER:
THETA = EULER PITCH ANGLE. ROTATE SECOND ABOUT THE Y-AXIS (DEGREES)
PHI - EULER ROLL ANGLE. ROTATE THIRD ABOUT THE X-AXIS (DEGREES)
T T "XsIT ' EULER YAW ANGLE.  ROTATE FIRST ABOUT THE Z-AXIS (DEGREES)
THETA PHI . XsI
i 402 62 NODE 1. 0.0 . . I T 0.0 .
43245 NopE 2 0.0 0.0 0.0
46 - 48 NODE 3 0.0 0.0 0.0
49 - 51 NODE 4 0.0 0.0 0.0
. .52 =54 NODE S 0.0 .. .. .. 0.0 .. .. . 0.0 _ .. ) —
55 ---  EMPTY LOCATION
.56 .8 INITIAL MODAL AMPLITUDE. (IN/IN) . . 040 e

57 DQ INITIAL MODAL VELOCITY (1/SEC) . 0.0

(0) Component MS1.Data.

Figure 17. Continued.
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COMPONENT : PARMV1 o ERERMKNNNE PARAMETRIC VARIATION TYPE 1 333333%3%%3%% ELEMENT: . 10

1 FIRSTV STARTING VALUE FOR PARAMETRIC VARIATION . o o oo oo " 1.000000+01
2 FINALV FI“AL VALUE FOR PARAMETRIC VARIATION 3.00000D+01
.3 NPTS .. NUMBER OF POINTS IN PARAMETRIC VARIATION " .. L. e o . . . 10
4 NEL GLOBAL ELEMENT NUMBER AND CORRESPONDING LOADER LOCATION FOR INDEPENDENT VARIABLE
T0 BE PARAHETRICALLY VARIED (UP TO 10 PAIRS)
...... . 3 . . 3 ..
0 0
] 0
0 0
0 o B e s e e e
0 0
0 0
0 [
- R BN - L + O -
0 0
" (p) Component PV1 Data
..... COMPONENT :ROTOREL2 waunnnnnn  ELASTIC ROTOR TYPE 2 PN NN NN ELEMENT: b |
. _.1_IEXEC _E927 EXECUTION CONTROL FLAG. __ __ . __ . _ . __ __ __ . . . . _ O __ . .
= 0 READ ROTOR MATRICES FROM INPUT FILE. DO NOT RUN E927.
= 1 RUN E927 TO CALCULATE ROTOR MATRICES <'NOT AVAILABLE ~ 17 . = & [* i,
2 _NCN ROTOR CONNECTION NODE NUMBER ) 4
3 THETA EULER PITCH ANGLE - ROTATE SECOND ABOUT THE Y-AXIS (DEGREES) 0.0
_ & PHI_ __EULER ROLL ANGLE - ROTATE_THIRD_ABOUT THE X-AXI§ (DEGREES) _ _ _ _ __ . __ _ __ U
5 XSI  EULER YAW ANGLE - ROTATE FIRST ABOUT THE Z-AXIS (DEGREES) 0.0

{q) Component RE2 Data

Figure 17. Continued.

S
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COHPONENT :ROTORELS R v .. Buduenaen | ELASTIC ROTOR .YYPE.3 . o cee ELEMENTS oo B

e 1 TROFIL. READ PILE.FLAB . .o oo o o oo i e o e con e e om e+« on e e o e am e on § e o o omn
= 0 READ ROTOW JHPEDAHCE AMD HWUB FORCE VECTOR FROM SAVE FILE 11 {6400 PROGRAM)
= 1 READ ROTOR IMPEDANCE AMD HUB FORCE VECTOR FROM LMIT 12 (USER INPUT)
HOTE 1 - INPUY DATA FORMAT IS 6G12.8. : . ,
.......... . HOTE 2.z IF IROFIL=1,.JHHC. LLOC.8). AHD ISTRSS (LOC.10) ARE SET.TO ZERQ INTERMALLY, ~- oo« o im moriomon o mmm - v o
& ISTFOR SEY ROTOR HUB FORCE FLAG . [ ]
= 0 LEAVE HUB FOCE VECTOR UNCHANGED '
e e em e <A .1 MULL THE. HUB FORCE VECTOR TN THE COOE v coe e e e cme oon oo oom e be cen oo e e o e o e e o
3 IDPFOR DISPLAY HUB FORCE FLAG _ : ) \
= O DISPLAY HUB DISPLACEMENTS AHD SAVE DISPLACEMENTS FOR PLOTTING
e ¥... 1. DISPLAY. HUB .INTERFACE..FORCES. AHD. HOHENTS AND BAVE FOR PLOT. ROUTINE —
{ABOVE FLAG 13 SEY TO ZERO NTERHALLY FOR ACCELERATIONS OUTRUT)
4 NCH ROTOR HUB COHRIECTION NOOE MRBER ) 3
T'S TTWETAT EULER PITCH ANGLE - ROTATE SECOND ABOUT THE Y-AXIS (DEGREES) e 77
¢ PHI  EULER ROLL ANGLE - ROTATE THIRD ABOUT THE X-AXIS (DEGREES) (X
TTTFUxs1T EULER YA ANGLE - ROTATE FIRST ABOUT THE Z-AXIS (DEGREES) "
8 IHHC  HHC FLAG 0
e . .% Q WMCMOT ACVAVE . . o o o e e e e e e
= 't HHC ACTIVE
9 ITHHC READ THETA FOR WIC FLAS - ' ’
. %._Q _COHPUTE. OPTIMAL THETA .BY. QUADRATIC_MINIMIZATION
=) "READ HHC INPUT ANGLES - LOCATIONS i1 70 16 BELOW
10 JSTRSS DISPLAY BLADE STRESSES FLAG - SET INTERNALLY FROM G400 INPUT LOCATION 993 0
e e e e = 5. 0. 00 HOT DISPLAY STRESSES = 6400 LOCATION 993 .I8 ZERD . ... .o o e e e oot e e o o ot o e e o
s 17 DISPLAY STRESSES - 6400 LOCATION 933 IS GREATER VHAN ZERD . .
" 31 THIMIC HHC TNPUT ANGLE - (H-1)TH COSINE COMPONENT (DEGREES). H = MIBER OF BLADES KR
1T 1Hidi1s  WHC INPUT ANGLE = (N-117H SINE COMPONENT IDEGREES). N » MADER OF BLADES 'X]
I3 VM HHC INPUT ANGLE - ( M )TH COSINE COMPOHENT (DEGREES). H = NAMBER OF BLADES 0.0

s —— — — —— . —

T TIA il T THHE TRPUT AGLE - T W ITH STNE COMPONENT (DEGREES),  H = WNBER OF BLADES 0.9

15 THHPIC HHC IMPUT ANGLE - (H+1)TH COSINE COMPONENT (DEGREES), N s MUBER OF BLADES 0.0
16T P18 HHC THPUT ARGLE < (NeI)TH SINE COMPOHENY (DEGREEST. H » NMUDER OF BLADES ..
17 WTHIEIL WEIGHT FOR (N-1)TH COMFONENT OF HHC INPUT ANGLES.  H = NMMBER OF BLADES 0.0

T 48 THmiH T WEXGHT FOR (H iTH CoHPOHENT OF imiC INPUT AGLES.T T N = TAMDER OF BLADES T T~ 0.8
19 WTHNPL MEIGHT FOR (Wel)TH CONPOHENT OF HHC INFUT ANGLES. N = HABER OF BLADES .0

(r) Component RE3 Data Input

Figure 17. Continued.
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HUB TMPEDANCE MATRIX FOR HHC PITCH ANGLES (UNITS = DEGJY.. ... . i s oo cm o o

NI & e | 1 PO |1 - B3S .. .. ..B4S . o BS5S .

LONG. SHR (¢, AFT) caos -6.122 -2.269 -10.49 6.087 A .3472 6.623

LAT.  SHR (4, STRBD) "cos 5.983 -6.202 -7.944 2.679  1.216  -9.454

VERT. SHR (+, UP) cos -.9781 -12.70 .1284 -4.017 3.210 ~-3.038

ROLL MOMT (+, STRBD UP)  €OS -3.113 .6585 -1.804 1.172 -2.267 1.968

PITCH HOMT (+, NOSE UP) cos - 1.450 I -.2336 ~2.126 3.585 .2067 ~1.958

YAW HOMT (+, OMEGA DIR.) COS  -.5519 6.095 -3.664 1123 1.048 .7380

LONG. SHR (+, AFT) SIN -6.731 .1032 -6.567 -6,156 " =1.600 -9.874

TUAT.T SHR (s, STRBD) | SIN | -4.019  -1.99%  8.844  5.67%  -6.713  -8.297

VERT. SHR (+, UP) SIN 4.041 ~2.930 3.490 ~.7051 -12.99 .1188

ROLL “MOMT (+, STRED UP)  SIN 1,292 2.29% -1.932 -3.076 T.5805  -1.843

PITCH HOMT (4, NOSE UP) SIN ~3.460 ~.3038 - 1.856 1.376 -.1772 -=2.101

6.058

TYAW T HOMT (+, OMEGA DIR.) SIN . -.2991 -1.254 -.9%16  -.6519 -3.819

(s) Hub Impedance Matrix for HHC Pitch Angles for RE3 Component

Figure 17. Continued. .
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KZX.. ... KEIGHT. FOR X RESPONSE

HZY . HEIGHT FOR Y RESPONSE

HZZ .. ... KEIGHT..FOR.Z RESPONSE

HZUX HEIGHT FOR THETAl RES

KTAY ... .REIGHT..FOR THETAZ .RES

| V204 HEIGHT FOR THETA3 RES

PONSE

PONSE

HTHN KEIGHT FOR ( N )TH COMPONENT OF HHC INPUT ANGLES., N

THSTR(1) OPTIMAL ANGLE - (N-

THSTR(2)... OPTIMAL ANGLE.=_( N.)TH.COSINE COMPONENT. (DEGREES). N.

THSTR(3) OPTIMAL AHGLE - (N¢

HTHNP1.. KEIGHT_FOR. (Ht1)TH.COMPONENT.OF HHC. INPUT. ANGLES... ... N.

1)TH COSINE COHMPONENT (DEGREES). N

1)TH COSINE COMPONENT (DEGREES). N

TUSTR(4).. OPTIMAL.ANGLE. ~_(N=1)TH SINE COMPONENT (DEGREES)... N.

THSTR(5) OPTIHMAL ANGLE - ( N )TH SINE COMPONENT (DEGREES). N

QUADRATIC PERFORMANCE INDEX

(t)

Summary of HHC Results for

Figure 17. Continued.

HTHHML... HEIGHT..FOR .{N=1)TH. COMPONENT..OF . HHC. INPUT.. ANGLES . . N =..

o

NURBER-

NUMBER

-NUMBER..

NABER

-NABER

NABER

-NUVBER.

NRBER

- NUMBER .|

OF -

OF
OF

OF

OF .

OF

OF.

OF

OF..

RE3 Component.

- - 2.,000000404 -

2.000000+04
--1.500000+05 -
0.0

om0 00000D =02 -

1.000000-02

-~ 1.00000D-02

3.50861D-01
- 6.126180-02 -
2.520270-02

—— =4.28786D-01

2.16384D-01

_— -1.416750-01

1.16575D-06
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weaunnnsn BLADE STRESS HARMONICS FOR AEROELASTIC ROTOR RE3 d63aededes .. . . ... ..

-0.2247D+00

(u) Blade Stress Harmonics for RE3 Coﬁpqnent.

Figure 17.

Continued.

HARMONIC = 1 2 3 4 5 6 7 8
FLAT STM 1 COS -0.28050401 0.1196D+01 -0.89490+00 0.4774D-01 -0.13580400 0.9099D+00 ~0.60890+00 -0.3231D+00
FLAT STN 1 SIN  0.36300+01 -0.12230400 0.92150-01 0.10090+01 -0.1150D+01 ~0.7573D+00 -0.25790+00 0.15810+00
"FLAT SN 2 COS 0.9062D+00 0.32000+01 -0.5344D+00 0.2869D+00 -0.4980D+00 -0.3868D-01 ~0.1197D400 0.24620400
FLAT STH 2 SIN 0.1044D+02 -0.7417D+00 0.13930+01 -0.39870+00 0.88980400 -0.4513D+00 ~0.1603D400 0.27800+00
FLAT STN 3 COS -0.7916D+01 0.5688D+01 0.19610+01 -0.14110+01 -0.38430400 0.51950-01 -0.2162D+00 —0.80530-01
FLAT STN 3 SIN  0.94690+01 0.22030+00 ~0.9511D400 -0.7705D¢00 0.3952D+00 0.83100400 -0.1351D+00 -0.1255D+00
EDGE STH 1 COS -0.9156D+01 0.1475D+01 0.94410+00 -0.35980+01 -0.43500+01 0.11690+00 0.87280+00 0.5897D-01
EDGE STN 1 SIN  0.14230+02 -0.1976D+01 -0,8554D400 0.4341D+01 -0.25310+01 -0.1864D+01 0.12250+01 ~0.2651D+00
“eDGE STH 'z €05 -0.5431D+01 0.3368D01 0.1046D+01 ~0.2970D+01 -0.4291D+01 0.61230+00 0.10200+01 -0.36760-01
EDGE STN 2 SIN  0.93880401 -0.2493D+01 -0.1822D401 0.55290+01 -0.1883D+01 -0.2768D¢01 0.14280+01 -0.26310+00
'EDGE STN 3 €08 <0.1615D401 0.12760+01 0.6461D+00 -0.1104D+01 -0.1265D+01 0.43830+00 0.37910+00 -0.1088D+00
EDGE STN 3 SIN  0.17330+01 -0.8403D+00 -0.97490+00 0.18330+01 -0.63760400 -0.10730+401 0.4516D400 -0.9677D-01
TORS ST 1 cOS ~0.79880+400 -0.9671D+00 0.1491D+01 -0.61120+00 0.1304D+01 -0.44450-01 -0.8184D-01 -0.61120-01
TORS STH 1 SIN  0.3015D+01 -0.61990+00 0.82950+00 0.78090+00 0.69860-01 ~0.2477D+00 0.52820-01 0.86310-01
ToRS STN 2 €03 0.1167D401 -0.92550+00 0.10950+01 -0.66980+00 0.1040D+01 -0.7366D-01 -0.76550-01 -0.25940-01
TORS STN 2 SIN  0.2962D+01 ~0.4462D400 0.7905D+00 0.4705D+00 0.27950+00 -0.1776D+400 0.37320-02 0.76290-01
ToRS TSTH 3 oS~ 0.2448D+01 -0.6684D+00 0.34230+00 ~0.26790+00 0.5765D400 ~0.5966D-01 -0.4577D-01 0.97550-02
_TORS STN 3 SIN  0.2956D400 -0.27710+00 0:6564D+00 -0.74650-01 0.3980D+00 -0.9404D-01 -0.2267D-01 0.29920-01
PUSH STN 1 COS  0.29080400 -0.3477D+00 0.6327D+00 -0.2486D400 0.5006D+00 -0.8971D-02 -0.29190-01 ~0.22110-01
PUSH STN 1 SIN  0.91460+00 0.15410400 0,40070+00 -0.1067D+00 -0.98060-01 0.2346D-01 0.33990-01
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HALF PEAK TO. PEAK VALUES

© 0.6387D+01

FLAT STN 1
.FuT STN 2 0.1112D+02
FIAT STH 3 0.1787D+02
EDGE STN 1  0.26477D+02
" EDGE STH. 2 0.2103D+02
EDGE STN 3  0.6307D+01
TORS STN 1  0.5506D+01
TORS STN 2 - 0.4730D+01
“10Rs STN 3 0.3728D401
PUSH STN 1  0.2018D+01

for RE3 Component

Figure 17.

(v) Half Peak-To-Peak Values of Stresses and Pushrod Load

Continued.



88

.. COMPONENT : TIMEHISY L Eawmekwaun NEWMARK INTEGRATION METHOR _ 33 nxik CELEMENTS 3

v L. BETN_ _ NEWMARK BETA FACTOR. RANGE PERMITIED.=..0.0 J0.0.25. . .. . o e s e i o —2.50000D=01 . . . ..
2 DELT  TIME INCREMENT (SECONDS) - : 1.00000D-02

_ .3 _TMAX___ TIME LIMIT _FOR_INTEGRATION OF. EQUATIQNS QE_MOTION..(SEC) — 1.00000D400. .. _
4 OMEGA FORCING FREQUENCY (HERTZ) , 6.00000D+00
5 JOEBUG... DEBUG SELECTOR _ ... — o e e e e e e e o e i o e o o D o e

= ==> NO DEBUG PRINTOUT
= 1 ==> TRACE MATRIX ASSEMBLY AND SOLUTION

o~

IRSTRY. RESTARY_FLAG

(w) Component TH1 -Data’

"Figure 17. Concluded.
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DEBUG PRINT SUBROUTINE ASHHCK LI

O ( 1, 1)3 1.00000D+01 » HO ( 3, 3= 1.00.0000001 HO € 4, 4)= 1.000000+01 M0 ( 5, 5)s1.000000¢00 '.
MO (.6, 6)3 1.00000D0400 . .. MO . € 7y 735 1,00000D800 . - oo oo e e e s e e aee e e o e PERRR
€0 ( 1, 1)% 1.200000402 c (1, zi=-1.zooo.on.ooz €0 ¢ 2, 1)=-1.200000402 co « 2, 2)= 1.200000402
Ko € 1, 1)z 2.50000D0+04 Ko ¢ 1, :)=-z.'sooonmob Ko { 2, 1)=-2.500000404 -K8 ¢ 2, 2)= 2.50000D404
H ¢ 1, 1)= 1.00000001 )

€ ( 1, 1)= 1.200000¢02 C (1, 2)=-1.200000+02 C (2, 1)5-1.200000402 C ( 2, 2)=1.200000+02

{ 2, - 2)* 2.500000¢04

= 2500000004 K ( 1, 2)%-2.500000¢04 K ( 2, 1)5-2.500000404

MO ( 1, 1)% 1.200000401

4} { 1, 1)3 1.00000D401 ] { 2, 2)=1.20000D4+01

[4 ( 1, 1)z 1.200000402 c ¢ 1, 2)3-1,20000D+02 c ( 2, 1)=-1.200000+02 [+ ( 2, 2)=1.20000D0+402
KT 1, 105 2.500000404 K 1, 2)%-2.500000404 X T 2, K § 2, 2)= 2.500000004

H (1, 1) 1.000000401 B 2, 2)=1.200008+01

€ {1, 11="1 260000402 TCTU T, #1s102000000027 € (2 1)5-1.200000402 € .2, 23= 1.200001

(a) Matrix Assembly

Figure 18. Base Program bebugging Output Sampleé.
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" iuwxn WKAREA(1) = 1.82403D-01

_ wwsnnn TER

EIGENVALUE

COORDINATE
' COORDINATE
COORDINATE
"COORDINATE

COORDINATE

"COORDINATE

COORDINATE

COORDINATE -

COORDINATE

COORDINATE

1

(7]

N & w o

¢ ®

10

= 1.60330D+05 0.0 __ . .

EIGENVECTOR

" EIGENVECTOR

EIGENVECTOR

'EIGEHVECTOR

EIGENVECTOR

" EIGENVECTOR

EIGENVECTOR

" EIGENVECTOR =

EIGENVECTOR

'EIGENVECTOR =

-1.00000D+00

-3.74536D-01

~8.09017D-01

-6.06011D-01

-3.09017D-01
3.09017D-01
-3.74536D-01

8.09017D-01

(b) Real Eigensolution

N N NN

Z (REAL/IMAG)

Z (REAL/IMAG) =

Z (REAL/IHAG)

“Z (REAL/IMAG) =

Z (REAL/IMAG)

Z (REAL/IMAG) :

(REAL/INAG)

(REAL/IMAG)

(REAL/IMAG)

(REAL/IMAG)

-1.00000D+00
-8.09017D-01
-6.060110-01

-3.09017D-01

-6.060110-01

3.090170-01
-3.74536D-01

8.09017D-01

EG1

Figure 18. Continued;

0.0

0.0
0.0
0.0
6.0

0.0

0.0

0.0

... B = 3.79318D-02 FREQUENCY (HZ) = 3.27209D+02

e wtt aw westr e amma amiaan Smamee
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L RRMMANUMNRUNUANUNMANNRN AN AN U R NN AW X 22X DEBUG PRINT SUBROUTINE SOREGR . ¥¥%¥¥xxx

EIGENVALUE

1 EIGENVALUE = -3.1671D+00 6.4399D+00

COORDINATE = 1

" CODRDINATE ™= ™ 2™ EIGERVECTOR™

COORDINATE = 3

“TCODRDINATE =4

COORDINATE = 5
" COORDINATE £ "8 “EIGENVECTOR =" ""1.8834D-04 =1.4924D-04 ™

COORDINATE = 7

""" COORDINATE =B EIGENVECTOR €2 0848D=05 "I 17200=05

COORDINATE = 9

""" COORDINATE™ ""10™ EIGENVECTOR"

COORDINATE = 11

" COORDINATE ™S 12 EIGENVECTOR ™" =1.56600=05""3.8861D=05

COORDINATE = 13

~ "COORDINATE = 14~

COORDINATE = 15

" COORDINATE 2™ 186

COORDINATE = 17

EIGENVECTOR -1.0000D+00 0.0

EIGENVECTOR = 1.1382D-01 -5.1199D-02

4. Y2690-01 250380203

EIGEHVECTOR = -4.8726D-04 -2.6827D-04

EIGENVECTOR = 2.4610D-04 9.4295D-05

-4.8672D-05 -8.8094D-05

EIGENVECTOR

EIGENVECTOR =" 4.5676D-05 4.5992D-06

£ -4,6B130=06" <7.07570%05"

EIGENVECTOR = -6.2627D-08 -7.1447D-07

EIGENVECTOR = 3.5542D-03 -2.3583D-03

‘EIGENVECTOR =" "™1.7651D~06 T1.2017D-086 "

EIGENVECTOR "< ""=5774970=08 =9, 0935D~07

EIGENVECTOR = 1.6267D-03 -1.0776D-03

(c) Complex Eigensolution EG2

Figure 18. Continued.
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(d) Forced Response Solution FRli

Figure 18.

Continued.

FSIN (3, 1)= 6.250000+01

FMPON ( 16, 1)= 6.250000+01

XMPON ( 1, 1)= 1.200000+10  XMPDN (. 1, 4)=-1.200000+¢10 XMPON ( 1, 9)= 4.838710407 XMPDN { 1, 12)2-4.83871D+07
XMPDN (2, 2)= 1.20002D410 _ XMPON_ { 2, 5)=-2.31026D+05 _ XMPDN (_ 2, 10)= 4.838810+07 _ XMPDN_ ( 2, 13)2<9.67742D+02
XMPDN 3, 3)= 1.20002D+410 XMPON ( 3, 6)=-2.31026D+05. XMPDN ( 3, 7)=-1.200000+410 XMPDN ( 3, 11)= 4.83881D+07
XMPDN (3, 14)=-9.677420+402  XMPDN ( 3, 15)=-4.836710+407 - XMPON ( &, 1)=-1.200000+410 XMPON ( &, &)= 2.40000D+10
XHPON_( _6,_ 9)=-6.83871D+07 _ XMPON _( _4, 12)= 9.67742D+07 __ XMPDN _( _5,_2)=-2.310260405 __ XMPON ( _5, 5)= 1,200020+10 .
XMPDN (5, 1015-9.677420402  XMPON ( 5, 13)= 4.838610+07  XMPON ( 6, 3)5-2.31026D+405  XMPDN ( 6, 6)= 4.101580+05
XMPON ( 6, 8)=-1.800000+05  XMPON ( 6, 11)-9.677420402  XMPON ( 6, 1G)= 1.693550403 ~ XMPDN ( 6, 16)=-7.25806D+02
XMPDN {7, 3)=-1.200000+10 _ XMPON (7, 7)= 1.199990+10 _ XMPDN (7, 11)=-4.838710+07 _ XMPON (7, 15)= &.83871D+07
XMPON ( 8, 6)=-1.800000405 XMPDN ( 8, 8)= 1.704070405 XMPON ( 8, 146)=-7.25806D402 XMPDN ( 8, 16)= 7.25806D+02
XMPDN (9, 1)=-6.838710+407  XMFDN ( 9, &)= 4.838710+407  XMPDN ( 9, 9)= 1.200000+410  XMPDN ( 9, 12)=-1.200000+10
XMPDN_ (10, 2)=-4.838810407_ _XMPDN_( 10, 5)= 9.677420+02 _ _XMPDN _(_10, 10)= 1.20002D+10  _XMFDN_( 10, 13)=-2.31026D105
XMPDN ( 11, 3)=-.83881D+07  XMPDN ( 11, 6)= 9.67742D+02  XMPDN ( 11, 7)= 4.83871D#07  XMPDN ( 11, 11)= 1.20002D+10
XMPON ¢ 11, 14)=-2.31026D+05  XMPDN ( 11, 15)=-1.200000+10  XMPDN ( 12, 1)= 4.83871D407 .XMPDN ( 12, 4)=-9.67742D+07
XMPDN (12, 9)=-1.200000+410 _ XMPDN ( 12, 12)= 2.400000+10 _ XMPDN_( 13, 2)= 9.67742D+02 _ XMPDN ( 13, 5)=-4.83881D+07
XMPON ( 13, 10)=-2.31026D+05  XMPON ( 13, 13)= 1.200020+10  XMPON ( 14, 3)= 9.67742D+02  XMFON ( 14, 6)=-1.693550403
XMPON ( 16, 8)= 7.25806D+02  XMPON ( 14, 11)=-2.310260+405  XMPDN ( 14, 146)= 4.10158D+05  XMPON ( 14, 16)=-1.80000D+05
PDN_( 15, 3)= 4.83871D+07 __ XHPDN _( 15, _7)5-4.838710407 __ XWPDN _( 15, 11):-1,200000+10 _ XHPON _( 15, 15)= 1,199990+10
XMPDN ( 16, 6)= 7.25806D+02  XMPDN ( 16, 8)=-7.25806D+02  XMPDN ( 16, 14)=-1.80000D+405 XMPDN ( 16, 16)= 1.70407D+05
XINDC ( 3, 1)= 3.75625D-07 XINDC { 6, 1)=-7.65464D-07 XINDC ( 7, 1)=-3.75647D-07  XINOC ( 8, 1)=-2.190680-06
XINDS (3, 1)=-1,00075D-03  XINDS ( -1)=-7.507470-04  XINDS ( 7, 11=-1. 00076D-03  XINDS ( 8, 1)=-4.262480-04



*****&****X***K*********?*************** DEBUG PRINT SUBROUTINE S02TH1

FCOs

FSIN

.BX

X1

DX1

PO

Xe ...

10,64

F2

(

1,

1,

.i:u

1,

1,

1,

1

2y

P Py

=

1)=

1)=

1)=

1)=

1)=

1)=

1)=

1)=

1.500000403

4£.00000D+02

1.182600-02

1.82596D-01 ...

1.00000D-02

2.00000D-02

1.500000403

1.18260D0-02.. ..

1.82596D-01

1)=

1.54191D+03

xmwwm”wm.
X ...

T X1

"""" 1)= 2.48950D-02
1)= 4.895030-01

1)= 2.00000D-02

****************************************

X3

DX3

F3

1,

T

2

L1)=E.

1)=

1)=

1.790610-02

6.08014D-01.. ..

1.58383D+03

€6

x3

X2 el 20 L)E 2.G8950D=02 .o oo s o e i
pXx2 (2, 1)= 4.89503D-01
( 2, 1)= s.e0%20°02 T
...... .. 25 .105.1.61992D400 .. . o ol o e e e -

(e) Time History Solution TH1

Figure 18. Concluded.
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OUTPUT COCRDINATES

MABER 5 o
1 ELEMENT
2 ELEMENT 2
3 ELEHENT z
oo % _ELEMENT . ..2
5 ELEMENT 2
é ELEMENT 2
7 ELEMENT 2
- S ELEMENT ... ... 2.
9 - ELEMENT 2
10 ELEMENT 2
1 ELENENT 2
.12 _ELEMENT...... 2.
13 ELEMENT 2
14 ELEMENT 3
15 ELEMENT 3
.16 _ ELEMEWNT ... . 3.
17 ELEMENT 3
18 ELEMENT 3.
19 ELEMENT 3
20 ELEMENT. ___. 3.
21 ELEMENT 3
22 ELEMENT 3
23 ELEMENT 3
26 _ELEMENT _ __ 3.
25 ELEMENT 3
26 ELEHENT 4
27 ELEMENT 4.
..... 28 ELEMENT ____&._.
29 ELEMENT 4
30 ELEMENT 4
31 ELEMENT 4
.3 ELEHENT __ _.4 _.
13 ELEMENT 4
3% ELEMENT 4
ss ELEMENT 4
. CEVENENT & .
37 ELEMENT 4
3 ELEMENT 5
39 ELEMENT s
__ 40 _ _ ELEMENTS __
@1 TTELEMENT H
«2 ELEMENT 5
43 ELEHENT 5
_ 44 ELEMENT ___ 5 _
%8 ELEMENT s
46 ELEHENT s
47 ELEMENT 5
48 ELEMENY __ _5
" 49 "7 "ELEMENT 5
s0 ELEMENT 6
s1 ELEMENT 6
. 82 ELEMENT 6
“ B TTELEMENT T8
54 ELEMENT "
55 ELEMENT 6

Figure 19.

i

i
1
]
i
'
‘

'
i

VALUE

— FiELD

Z
o W

9020-01

6010-01

pART OF
ElseMvecTOoR 4

@ )
EI6V
BHl X1 €16V
an W EI6V
e BHL . 21, e EXGV ..
BHl  THXI  EIGV
BML  THYl  EIGV
BHY  THZl  EI6V
BML. . X2 ... EIGV
eMlL - Y2 EI6V
et 22 ET6V
Bl THX2  EIGV
BHL. . THYZ ... EIGV .
8l THZZ  EIGV
M1 X1 . EIGV
a1 €16V
CBMI.. 21 ... EIGV ..
BMI  THX1  EIGV
BH1  THYL  EI6V
BMI  THZI  EIGV
BMl __ X2 ..___.EIGV
BH1 Y2 EIGY
Bl 22 - EIGV
BH1 THX2 E16V
BHL_ _THY2 ... . EIGV ..
BHl THZZ  EIGV
BMl X1 £16V
g oM EIGV
ML ...21 ... _EIGV_.
BHl  THXL  EIGV
BM1  THYL  EI6V
BM1  THZL  EIGV
B X2 .. EI6V _
e vz EIGV
el z2 E16V
BHl  THX2  EIGV
BMX.. THY2 . EIGV
BMl  THZZ  EIGV
M1 X1 EIGY
Br M EIGV
Buy 21 EIGY __
el T T EIGV
BH1  THYL  EIGV
s THZl  EIGV
Bl x2 _.EIGV__
el Y2 EIGV
Bl . Z2 E16V
8H1  THX2  EIGV
BHl _ THYZ __ EIGY
81" THZZ T EIGV
e x1 EI6V
Bl 1 EXGV
eMl 21 EI6V _
"ML TR EIGY T
B2 - THYL  EIGV |
BM1  THZL  EIGV

unnununuunnpuuuynuuunuwuuunhuunnu“uFunuunﬂuﬁﬁnnwnnnnnuu

(a) Real Eigensolution EG1

Base Program Coordinate Responses.



NABER OUTPUT COORDINATES ' VALUE

® ©®© 6 6@ 6 © ). «— FIELD
T TTLT TTELEMENYT T T T T FREQ™ TEISV L TT T LW & " ri2 eNVALUVUE 4. T T T T e
2 ELEMENT DANP ElsV 1 4.41310-01 f:l EIGENVALVE 1
3 ELEMENT 1 REZ  GFT1 REAL 1 1.00000400 €——qp -
4 ELEMENT 1 RE2  GFT1 INAG 1 0.0
TR TTTELEMENY T ITTREZTTOGFYZ T TREAC T 312690701
é ELEMENT 1 RE2  GFT2 A6 1 -2.50380-03
7 ELEMENT 1 RE2 BETA _ REAL 1 1.13820-01
8 . ELEMENT 1 REZ  BETA IHAG 1 -5.1199D-02 .
T CELEMENT T Y TURER T OBAMK T OREAU T3 T T80 T T T T e T e e
10 ELEMENT 1 RE2 6AMA IMAG 1 -1.5154D-01
1 ELEMENT 1 RE2 QNS REAL 1 -4.8726D-04
12 ELEMENT 1 REZ Qs IMAG 1 -2,6827D-04
SIS ELEHERTTT I REETTTRNICTTTTREACTTI T T TAE34DS 04
14 ELEMENT 1 RE2  QTiC MG 1 -1.4924D-04
15 ELEMENT" 1 REZ  QT28 REAL 1 2.46100-04
16 ELEMENT 1 RER  Qr2s M6 1 9.42950-05
= TITT CTELEMENTT T T TRE2T. T QTCTT TTREALT 1T T T TRUDeGBD-P5 T T[T T T T T T T T T o e e e e e e
18 ELEMENT 1 REZ  QT2C MG 1 1.17200-05
19 ELEMENT 1 RE2  BETS REAL 1 ~4,86720-05
20 ELEMENT 1 REZ  BETS MG 1 -8.8094D-05
21 ELENENT I~ REZ™ TBETC REACTT ~§.88130-06
22 ELEHENT 1 RE2  BETC s 1 ~7.07570-05
23 ELEMENT 1 REZ  GAMS REAL 1 4.5676D-05
2% ELEMENT 1 RE2  GAMS MG 1 4.59920-06
=25 T ELEMENT ™ "} REZ ™~ BAMC' — ‘REAL” 71— — —=ITB6S0D=05— — T~ EleEMYECTOR L
2 ELEMENT 1 RE2Z  6AMC M 1 3.88610-05
27 ELEMENT 1 REZ X REAL 1 4.06030-03
28 ELEMENT 1 RE2 X e 1 -2.69110-03
UTZY T ELEMENT 1I7"REZ Y, REAC T 1.20120-07
30 ELEMENT 1 RE2 Y G 1 1.62380-06
31 ELEMENT 1 RE2 z REAL 1 2.3376D-03
32 ELEMENT 1 RE2 2 IMAG ) ~1.54920-03 )
T TR OCTELEMENTT T T TREZ TUTHIXTT TTREALT TT T T RLU0487D-09 T T T T T T T T T S e e e = e
34 ELEMENT 1 RE2Z  THIX MAG 3 -1.65870-08
35 ELEMENT 1 RE2Z  THTY REAL 1 -1.09740-04
34 ELEMENT 1 RE2  THTY INAG 1 7.26180-05
TT37TT ELEHENT T~"REQ THIZ REALTTY 0.0
38 ELEMENT 1 REZ  THIZ IMAG 1 0.9
39 ELEMENT 2 NSl HOOE REAL 1 ~4.2627D-08
40 ELEMENT 2 MSl  HODE INAG 1) ~7.1447D-07
"+ 41— ELEMENT' — —3~MS1 = TODE" ~~ REAL™ ~1 “= ™ ="IT76510506™ ~— "} = ™= = ~" "T T U om e e e e o e e -
42 ELEMENT 3 HMS1., MODE MG 1 1.20170-06 . :
43 ELEHENT 4 HSl  MODE REAL .1 3.55420-03
44 ELEMENT 4 HS1  MODE e 1 -2.35330-03
=5 =—"ELENENT "5 ~—HS1—MOOE —— REAL™T =5374970<08 "
ab ELEMENT 5 NSl MOOE MG 1 ~9.0936D-07
47 ELEHENT 6 HS1  MODE REAL 1 1.62670-03
48 ELEHENT 6 hsl HODE IMAG ] =1.07760-03 o | . L.
TTR9T —ELEMENT — — — — — FREQ— —EIGV— 2 — — 131240400 @— " ~= T T o= T mm em e m e e e
50 ELEHENT DAMP EIGY 2 8.9276D-01 ElGENVALVE L
51 ELEMENT 1 REZ QFT)  REAL 2 1.09510-03 <— : : o .
52 ELEMENT 1 REZ QM1 MG 2 ~1.10530-03 o
e §3 - ELEHENT 31— RE2—-—QFT2—— REAL—2 ~7:22660+08 EleENYECTOR 2.
54 ELEHENT 1 RE2  GQFT2 G 2 4.2346D-05
55 ELEMENT 1 RE2 BETA REAL 2 1.1124D-04

G6

* . (b) Complex Eigensolution EG2

Figure 19. Continued.
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NUMBER _ OUTPUT COORDINATES
1 ELEMENT 1 MS1 MODE AMPLITUD
2 ELEHENT 1 MS1 HODE PHASE
3 ELEMENT 2 153§ MODE AMPLITUD
4 . . ELEMENT.......2... HMS1 .. MODE ... PHASE .. ... ...
5 ELEMENT 3 MS1 MODE AMPLITUD
6 ELEMENT 3 MS1 MODE PHASE
7 ELEMENT 4 MS1 MODE . AMPLITUD
.8 . .. ELEMENT .. ... 4. MS1.. MODE . PHASE
9 ELEMENT 7 RE3 X AMPLITUD
10 ELEMENT 7 RE3 X PHASE
11 ELEMENT 7 RE3 Y AMPLITUD
12 ... ELEMENT ... 7...RE3 ... Y.. . PHASE oo
13 ELEMENT 7 RE3 Z AMPLITUD
14 ELEMENT 7 RE3 P4 PHASE
15 ELEMENT 7 RE3 WX AMPLITUD
16 ... .ELEMENT 7. RE3... MWX... PHASE . ... ... ..
17 ELEHENT 7 - RE3 HY AMPLITUD
18 ELEMENT 7 RE3 WYy PHASE
19 ELEMENT 7 RE3 WZ AMPLITUD
o ELEMENT...__.... 7. . RE3 ... WZ e PHASE ... oo
21 ELEMENT 9 GF1l X AMPLITUD
22 ELEMENT 9 6F1 X PHASE
23 ELEMENT 9 GF1l Y AMPLITUD
2. . ELEMENT ... ... 9. .6F1. .. Y. ... . PHASE .
25 ELEMENT 9 GF1 Z AMPLITUD
26 ELEMENT 9 GF1 Y4 PHASE
27 ELEMENT 9 GF1 THTX AHPLITUD
4. ELEMENT ......9.. GFY ... THTX PHASE
29 ELEHMENT 9 GF1 THTY AHPLITUD
30 ELEMENT 9 6F1 THTY PHASE
31 ELEMENT 9 GF1 THYZ AMPLITUD
.32 . ELEMENT ... ..9... GF1__. JHTZ ... PHASE.. ... .. ..
(c)

VALUE

O

-5.3449D0-01
1.3677D+02
3.1676D-03

. ~5.4071D0+01

2.1233D-02
-6.9433D+01
5.1216D-03
1.3604D+02
5.3430D-01
1.36770+02
1.40410-02

54836040 s oo

1.2847D-01
-4.3244D+01

1.36770+02
1.4041D-02

1.28470-01
-4.3244D+01

. =5.4834D+0Y. ... .. . o e

Forced Response Solution FR1

Figure 19. Continued.



NUNBER » OUTPUT COORDINATES - VALUE

o s -
@ & & @ (@ ® D - &«— FIELD
1 ELEMENT TIME SEC 0.0
4 ELEMENT 1 FAl DELT DISPMENT 1.0000D0-02
3 ELEMENT 1 FAl X DISPMENT 2.0000D-02
4 . ELEMENT 1..FAL__ Y . DISPMENT.. . 9.0
5 ‘ELEMENT 1 FAl Z DISPMENT 6.0
6 ELEMENT 1 FAl THTX DISPMENT 0.0
7 ELEMENT 1 FAl THTY DISPMENT 0.0
8 ... JELEMENT .. 1 FALl _ TJHTZ .. DISPMENY ... .. . 040 o e . — - . s
9 ELEMENT 2 GF1 X DISPMENT 2.0000D-02
10 ELEMENT - -2 GF1 Y DISPMENT 0.0
11 ELEMENT 2 GF1 P4 DISPMENT 0.0
12 ELEMENT 2. GF1__ THTX .. DISPMENT 0.9
13 ELEMENT 2 GF1l THTY DISPMENT 0.0
14 ELEMENT 2 GF1 THTZ - DISPMENT 0.0
15 ELEMENT G MS1 MODE DISPMENT 2.0000D-02

t (d) Time History Solution TH1

HMRRNUKINN  STATISTICS  HIMMMF KK

'PRESENT SIZE OF WORKING STORAGE (MAXSIZ) IS 1887 WORDS.

L6

HIHHWNNHINN  STATISTICS 36363663 36 36 36 3¢ 3¢

'(e) Present and Final Size of Computer Storage

Figure 19. Continued.
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_ "sIMvIB TEST RN e
FIXED ABSCRBER TIME HISTORY RESPONSE
1 HODE SMAPE - FX FORCE (COS & SIN}

TIME (SEC)
6.1 15.1 0.1200
-1.1 TINESEC
2.1 1FA1 DELTDISPHENT
-3.1 1FA1 X  DISPMENT
..... 4.1 . JFA1 Y  DISPMENT ... ...
5.1 1FA1 Z  DISPMENT
6.1 1FA1 THTXDISPHMENT
7.1 1FAl THTYDISFHENT
.. 8.1 . 1JFAl THTZDISPHENT ..
—9.1 2GF1 X  ODISPMENT .
10.1 2GF1 Y  DISPHENT
11.1 26F1 Z  DISPMENT
.. 12.1 . 2GF1 THDXOISPMENT ... .. . . ..
13.1 2GF1 THTYDISPHMEMT
14.1 2GF1 THTZDISPHENT
-~15.1 411S1 HODEDISPHENT
5 79 SUE— N . . T, .
0.0 1.00000-02 ° 2.0000D-02 0.0 0.0
0.0 0.0 0.0 2.00000-02 0.0
0.0 0.0 0.0 6.0 2.00000-02
.2 ... 1,00000-02.. . .. ... - . -
1.00000-02 1.1826D-02 2.68950-02 0.0 0.0
0.0 0.0 0.0 2.48950-02 0.0
0.0 0.0 0.0 0.0 2.64895D-02
........ 3.1.. .. .2.00000-02 _ . .. .. .. FU S
2.0000D0-02 1.7906D-02 3.9094D-02 0.0 0.0
0.0 0.0 0.0 3.9094D-02 0.0
0.0 0.0 ° - 0.0 0.0 3.9
EUN. 75 SUR— B,00000-02 . . cor s aen e cm— - -
3.0000D0-02 3.026470-02 5.94700-02 0.0 0.0
8.0 c.0 0.0 5.94700-02 0.0
0.0 0.0 0.8 0.0 5.94700-02
5.1 . _. %.00000-02. PO, R RS - -
4.00000-02 5.0176D~02 8.18610-02 0.0 0.0
6.0 0.0 0.0 8.18610-02 0.0
0.0 0.0 0.0 0.0 8.1861D-02
Bal o BL0000D=02 s e s e e e+ = . .
7.72250-02 .0263D-01 9.0 9.0
0.0 1.02430-01 0.0
0.0 0.0 1.02430-01
TIME PELT. _ FAL X  GFL X . MSL1 €= OUTPUT COORDINATE NAME
n (29 (3 ) CoQs) & " " NUMBER

(f) Sample Output for Plotting

Figure 19. Continued.



SIMVIB TEST RUN

FIXED ABSORBER TIME HISTORY RESPONSE

1 MODE SHAPE - FX FORCE

(COS & SIN)

0.12
0010 //
K 0.08 s
o /
2
v 0.06
= e
0 A/A//
5 9.04
[ /
v ] .
e e
0.02—9 e
+—t
0.80 T T T7T | T T T T
0.00 0.01 0.02 0.03 0.04

TIME (SEC)

(g) Sample Tektronix Plot.

Figure 19.
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Continued.

0.05

COORD VARIABLE kEY
2 DELT DISP 2
3 X DISP 1
9 X DIsSP 3
1S WMODE DISP 4
CASE 4

PET

X
_ 3
S L

«t= ”“ ,

FORCE



0ot

NNGQOGONOQGQ.Q

2 14 . .
0.0 »
1.00000-02 2.0000D-02 0.0 0.0
2.00000-02 0.0 0.0 1.50000+03
1.1826D-02 1.82600-01 .. 1.62600401 0.0
2.64895D-02 ' 4.89500-01 4.8950D+01 1.50000+403
1.00000-02 2.00000-02 0.0
2.00000-02 0.0 0.0
. 0.0 0.0 " 0.0 .t
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
. 0.0 e - 0.0 0.0
2.00000-02 0.0 0.0
2.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0.. N
0.0 0.0 0.0
0.0 0.0 0.0 N
2.0000D-02 0.0 0.0
2 .. .14, - s - .
1. 00000 02
1.00000-02 2.0000D-02 g.0 0.0
2.0000D-02 0.0 0.0 1.5000D+03
. 1.1826D-02 __ 1.8260D-01 . . 1.6260D401... 0.0 .
2.48950-02 4.8950D-01 4.8950D0+01 1.56190003
1.1826D-02 1.82600-01 1.62600+01
2.4895D-02 4.89500-01 4.8950D401
0 . ... 0.0 _..0.0 — - — - e o .
.0 0.0 0.0
.0 0.0 0.0
.0 0.0 0.0
N - 0.0 . 0.0 oo e - -
489 50-02 4.895 OD-OI 4.89500+401
] 0.0 9.0
.0 0.0 0.0
- . 0.¢ _ ... .._0.0_ . _. _ e . .
.0 0.0 e.¢
.0 2.0 0.0
.4895D-02 4.89500-01 4.8950D+401
B e+ i it i e - - - T
2 90000 02
1.18260-02 1.82600-01 1.6260D4+01 0.0
2.4895D-02 4.8950D-01 4.8950D+01 1.5419D4+03
.1.79060-02 _ 6.08010-01_ _4.2542D+01 _ 0.0 o e o e e — - - .
3. 90960-02 1.4199D+00 9.306410401 1.36730003
1.7906D-02 6.0801D0-01 4.2542D+01
3.90940-02 1.41950+00 9.3041D4+01
0.0 9.9 9.0 .
0.0 0.0 8.0
0.0 9.0 9.0
9.0 0.0 0.0
0.0 0.0 0.0 .. . - R
3.9094D~02 1.4!99!!000 9.30410401
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0 ) e
9.6~ 0.0 5.9 h S ] T . .
0.0 0.0 0.0
0.0 or Tohowmers 3 loarneor (h) Sample Time History Output for Restart.

Figure 19.

Continued.
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4 14
3.0000D-02
1.7906D-02
3.90940-02
.3.0247D-02
5.94700-02
3.02470-02
5. 94700~ -02

300000

NI IRE R

wooooo

4700-02
PR L
4.00000-02
3.0247D-02

NWOQOOOU‘OOOOQ

700-02

5.94700-02°

. 5.0176D-02 ...

8.1861D0-02
5.0176D-02
8.1861D0-02

0.0 .
0.0
0.0
0.0
0.0..
8.1
0.0
0.0
0.0
0.0
0.0
0.1

0.0
0.0
0.0
9.0
9.0
2.0
1 0.0
0.0
0.0
0.0
0.0
2.0

6.08010-01
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Figure 42. Variation of Working Storage with CPU Time.
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START

e wlOL  mrwmtmm==l + r2———— L RS T TR A + 5= + é + Fm—m——t
7 SUBROUTINE CINBF1(V,N) . 0001
1 cmwmm*mummmmoooz
1_Cx B e %0003
1 Cx SUBROUTINE NAME : CINBF1 #0004
1 cx ) . %0005
1 C* FUNCTION: #0006
e e oLt C¥ L LCONVERT INPUT ... o e et e e o cviee e e covene s sivere sirins e camveen e X0 007
1 Cx FOR INPLANE BIFILARS IF N=1, %0008
1 Cx FOR VERTICAL BIFILARS IF N=2 #0009
1 Cx %0010
e CIOEEEII I I NI I IIIHIIIEH I IEIENHIE IEH I HIIIEIIIIIINN% 01l
1 ¢C 0012
7 DIMENSION V(1) . 0013
7 .DATA RC /57.295780/ ) 0014
o A - UV UV VVUSUUNUN 1 s £
1 € # INPLANE * (VO 1), XNCN )y (V( 2),XN }y(VC 3),MB }y 0016
1 c {V( 4),RR 1»(V( 5),R )>(V( 6),ZETGAM), 0017
1 C (V( 7),0MEGA ),(V( 8),THETA ),(V( 9),PHI 3 0018
1..C (V(10),XST ...y .. 0019
1 C (V(11),GAMMAC),(V(12),0GAMMC) 00290
1 C (V(13),GAMMAS),(V(14),DGAMMS) : 0021
1 C # VERTICAL * (VI 1),XNCN J),(V( 2),XN }» (VL 3),MB }s 0022
e e b B e o SV _GILRR. )9 (VO.BYR ... ) (V(.6),ZETBET)y.. ... ... ..0023
1 C (VC 73,0MEGA )»(V( 8),THETA ),(V( 9),PHI )s 0024
1 C (V{10),XSI )y ) 0025
1 C (V(11),BETAO 3},(V{(12),DBETA0) 0026
1..C (V(13),BETAC.),(V(14),DBETAC) 0027
1 C (V{15),BETAS ),(V(163},DBETAS) 0028
1 C . . 0029
7 v4) = Vi{4) / 12.0 0030
e ol e e YUB) _EN(B) £ 3200 . o e e e e o v ot e reie o e 0031
7 II=14 0032
7 IF(N.GT.1) II=16 . 0033
7 DO 10 I=8,II 0034
7 V(I)=V(I)}/RC 0035
4 10 CONTINUE 0036
1 C 0037
7 RETURN 0033.
A - 2 UV SR« - -

(A} ROUTINE CINBF1

Figure 43. Fortran Subroutines for Component BF1.
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e 0 COL = + 1 + -2 + 3 + Gmm——t -5 + 3 + 7 +
7 SUBROUTINE RECBF1(V,NG,XDEP,DXDEP,KN) . 0001

BRI ot T T T T T T T T TR VTSI VIVIVEVIVIVE VEVIVIVEVER T T Y, 11 1]

1..C% e eeiern b e s s csessroers | serens s bt ... ¥0003

1 Cx» SUBROUTINE NAME : RECBF1 %0006

1 C* #0005

1 C¥ FUNCTION: #0006

- e e lo.C¥ . RECOVER BIFILAR DISPLACEMENTS AND. VELOCITIES.. v o v e woem cmem - HO007
1 Cx* FOR RESTART WITH TIME HISTORY SOLUTION %0008

1 C» FOR INPLANE BIFILARS IF KN=1, %0009

1 Cx FOR VERTICAL BIFILARS IF KN=2 #0010

1_.C* et o #0011

1 CIE NI NN NN I HIH NI IIIEN X 001 2

1 C 0013

7 DIMENSION V(1),XDEP(1),DXDEP(1) 0014

T A - U vV PR - - .0015
1 C INITIALIZE THE COORDINATE INDEX FOR THIS ELEMENT 0016

1 ¢C 0017

7 NN = NG + 1 0018

1..C o B 0819

1 C INITIALIZE THE BIFILAR DISPLACEMENTS AND VELOCITIES 0020

1 C ‘ 0021

7 V(11l) = XDEP(NN) 0022

e el e V012) = OXDERPCNND L, . o e e e s e — e e 0023
7 NN = NN +1 0024

7 V(13) = XDEP(NN) 0025

7 V(14) = DXDEP(NN) 0026

7 IF(KN.LT.2).60.70.10 0027

7 NN=HNN+1 _ 0028

7 V(15) = XDEP(NN) 0029

7 V(16) = DXDEP(NN) 0030

T S > VOO0V ONG U OURUPRE 1 k. 1
.1 € INCREASE THE COORDINATE INDEX TO ACCOUNT FOR THE HUB COORDINATES 0032

1 C 0033

4 10 CONTINUE 0034

rd NG .= NN_ +.6 0035

1 C 0036

7 RETURN 0037

7 END 0038

(B) ROUTINE RECBF1

Figure 43.
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..CoL ~dmm—=] + R ek 1 + G + 5. + 6 + 7 +
7 SUBROUTINE PINBF1(V,YELEM,KPRINT,KKN) 0001

bR o T T L 1 172 2 1 TPV VAVIVIVEVIVIVE VS VEVIVIVIVIVIVIVEVIvEvIVY T T T
L CRo e cereier eereresentan et e #0003

1 Cx* SUBROUTINE NAME : PINBF1 *0004
1 Cx* #0005

1 ¢ FUNCTION: #0006
..1..C%_ __ PRINT.THE INPUT ... ... ... e —_— S — %0007
1 cCx FOR INPLANE BIFILARS IF KN-I. #0008
1 cx FOR VERTICAL BIFILARS IF KN=2 #0009

1 Cx #0010

N cﬂmm*%mmm**xmoou
1 ¢C 0012

7 DIMENSION V(1) 0013

1 C 0014

e ol e JIF (KN.EQ.1) WRITE(KPRINT,1000). IELEM .. ... .. e I - .0015
7 IF (KN.EQ.2) KRITE(KPRINT,2000) IELEM 0016

7 NCN1 = V(1) + .001 0017

7 PRITE(KPRINT,IOOIL) NCN1 0018
Y A N = V(2) +..001 0019
7 NRITE(KF’RINT.IOOZ) N 0020

7 WRITE(KPRINT,10033 V(3) 0021

7 WRITE(KPRINT,1004) V(4) 0022

— el e HWRITE(KPRINT,1008) V(5)._ - T S - e .. 0023
7 IF (KN.EQ.1) NRITE(KPRINT 10060 V(6) 3024
7 IF (KN.EQ.2) WRITE(KPRINT,2006) V(6) 0025

7 HRITE(KPRINT,1007) V(7) 0026
_._..Z._._.____WITE(KPRINT,[J.OO&) Vis) 0027
7 WRITE(KPRINT,1009) V(9] 0028
7 WRITE(KPRINT,1010) V(10) 0029

1 C 0030
.7 ... IF(KN.GT.1) 60.TO 10 . __ ... e oo e R [OOSRV |+ k. §
7 WRITE(KPRINT,1011) V(i) 0032
7 WRITE(KPRINT,1012) V(12) 0033
7 WRITE(KPRINT,1013) V(13) 0034
ol HRITE(KPRINT,1014) _V(14) 0035
7 GO TO 20 0036
4 10 CONTINUE 0037
7 WRITE(KPRINT,2011} V(11) 0038
o _KRITE(KPRINT,2012) V(12) ___ - e e e e o v s 20039
7 NRITE(KPRINT.2013) v(13) 0040

7 WRITE(KPRINT,2014) V(14) 0041

7 WRITE(KPRINT,2015) V(15) 0042
7 WRITE(KPRINT,2016) V(16) 0043
[ 20 CONTINUE 0044
1 c . 0045
1 C FORMAT STATEMENTS ’ 0046
S T = - RS | L+ L ¥ 4
3 771000 FORMAT(55H1COMBONENTBIFTLAR OG0  HORIZONT 0048
6 1 » BEHAL LINEAR BIFILAR ELEMENT: 0049
6 2 »110,//} 0050

2 2000 FORMAT(55H1COMPONENT:BIFILAR HRERIWNIN  VERTIC 0051
[ 1 Ty BSHAL LINEARBIFILAR ™~ %% ELEMENT: 0052
6 2 »I104,//7) 0053
2 1001 FORMAT(55HO 1 KNCN1 CONNECTION NODE NUMBER END 1 (ND) 0054

Figure 43.

Continued.
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START

v e | B e e e L e e &4 + 5 -6 + b
6 1 »40X%,I15) 0055
2 1002 FORMAT(S5H0 2 N TOTAL NUMBER OF BIFILARS (ND) 0056
6 L 240X, 115) ... 0057
2 1003 FORMAT(55HO 3 MB BIFILAR MASS (SLUGS) 0058
6 1 »40X,1PE15.5) 0059
2 1004 FORMAT(B5H0 4 RR DISTANCE FROM CENTER OF BIFILAR TRACKING 0060
e e oo O e WLl . »35H_HOLE. . TO.CENTER OF ROTATION.(INCH). 45X,1PE15.5)... ..: ..0061
‘ 2 1005 FORMAT(55H0 5 R EQUIVALENT PENDULUM ARM (INCH) 0062
6 1 »40X,1PE15.5) 0063
2 1006 FORMAT(55H0 6 ZETGAM INPLANE BIFILAR DAMPING RATIO C/CCRIT (N 0064
6 1. »3HTD ), T96,1PE15.5) 0065
2 2006 FORMAT(55H0 6 ZETBET VERTICAL BIFILAR DAMPING RATIO C/CCRIT (N 0066
6 1 »3HTD)»T96,1PE15.5) 0067
2 1007 FORMAT(55H0 7 OMEGA  BIFILAR ROTATION SPEED (RAD/SEC) 0068
JOSR . SNSRI S o .340X,1PE15.5) ... . - i . 0069
2 1008 FORHAT(SSHO 8 THETA EULER PITCH ANGLE AT NODE - ROTATE SECO 0070
6 1l »30HND ABOUT THE Y-AXIS (DEGREES) ,10X,l1PE15.5) ., 0071
2 1009 FORMAT(55HO 9  PHI EULER ROLL ANGLE AT NODE . ~ ROTATE THIRD 0072
6 1 e SOH _ABOUT_THE X-AXIS (DEGREES).... »10X,1PE15.5) ... ..... 0073
2" 1010 FORMAT(B5HG 10 XSI EULER YAW ANGLE AT NODE - ROTATE FIRST 0074
6 1 »30HABOUT THE Z-AXIS (DEGREES) »10X,1PE15.5) 0075
» 2 1011 FORMAT(55H0 11 GAMMAC COSINE COEFFICIENT OF INITIAL PENDULUM C 0076
e e B e A e s . .2 30HYCLIC DISPLACEMENT (DEGREES)...,10X,1PE15.5) . ..0077
2" 1012 FORMAT(55H0 12 DGAMMC COSINE COEFFICIENT OF INITIAL PENDULUM C 0078
6 1 »30HYCLIC VELOCITY (DEGREES/SEC) ,10X,1PE15.5) 0079
2 1013 FORMAT(55H0 13 GAMMAS SINE COEFFICIENT OF INITIAL PENDULUM CYC 0080
6 1 »J0HCLIC. DISPLACEMENT. (DEGREES).....,10X,1PE15.5).. ...0081
2 1016 FORMAT(55H0 14 OGAMMS SINE COEFFICIENT OF INITIAL PENDULLM CYC 0082
6 1 »30HLIC VELOCITY (DEGREES/SEC) »10X,1PE15.5) 0083
2 2011 FORMAT(55H0 11 BETA0 BIFILAR MASS COLLECTIVE INITIAL FLAPPING 0084
o 6 Y .. e ... 230H ANGLE (DEGREES). ver e 210X, 1PE15.5). 0085
2 ~ 2012 FORMAT(55H0 12 DBETAG BIFILAR HASS COLLECTIVE INITIAL FLAPPING 0086
6 1l »30H VELOCITY (DEG/SEC) »10X,1PE15.5) 0087
2 2013 FORMAT(55H0 13 BETAC = BIFILAR MASS COSINE COEFFICIENT OF INITI 0088
6 1 2 30HAL_FLAPPING ANGLE (DEGREES)._...»10X,-1PE15.5)..._.....0089
2 2014 FORMAT(55H0 14 DBETAC BIFILAR MASS COSINE COEFFICIENT OF INITI 0090
6 1 »30HAL FLAPPING VELOCITY (DEG/SEC),10X%,1PE15.5) 0091
2 2015 FORMAT(55H0 15 BETAS . BIFILAR MASS SINE COEFFICIENT OF INITI 0092
e 6 1 2.30HAL | FLAPPING ANGLE (DEGREES). _,10X,1PE15.5) . ... ..0093
27 2016 FORMAT(55H0 16 DBETAS BIFILAR MASS SINE COEFFICIENT OF INITI 0094
6 1 »30HAL FLAPPING VELOCITY (DEG/SEC),10X,1PE15.5) 0095
1 C 0096
7 RETURN 0097
7 END 0098
0099
0100

(C) ROUTINE PINBFL

Figure 43. Continued.



START

P s | B s R s e e S Gt 5 + 6 +
7 SUBRCUTINE CRDBF1(DATA,NLOCAL,NNODEL,NCNL,EULER,KN) 0001

1 cm***xmxﬂx*m*ﬂmoooz

L e oo s s [ reemarisereine oo #0003

1 % SUBRGUTINE NAME : CRDBF1 %0004

1 cx %0005

1 c*» FUNCTION: %0006

wm e wm1..C%¥_ __INFORM THE MAIN PROGRAM OF THE. REGUIRED NUMBER.OF .COORDINATES... .%0007
1 cx* FOR INPLANE BIFILARS IF KN=1, , %0008

1 cx FOR VERTICAL BIFILARS IF KN=2 %0009

1 c* %0010

RN N CMWW*WWWWWWOOII
1 ¢ 0012
7 REAL MB 0013

7 DIMENSION DATA(1},V(10) 0014

- e w2 — . .DIMENSION NCNL(1),EULER(3,1). - vee wmn — D015
7 EQUIVALENCE(V( 1),XNCNL 1,(V( 2),XN  1,(V( 3,08 0016

6 1 (V( 4),RR ), (V( 5),R )5 (VC 6),ZETGAM), 0017

6 2 (V( 7),0MEGA ),(V( 8),THETA },(V{ 9),PHI 0018

6 3 (V(10),XST....) 0019

1 c 0020

1 C RETRIEVE INPUT DATA 0021

1 ¢ 0022

R AN T« J0-L e £ B 4 0023
7 V(I) = DATA(I) 0024

4 20 CONTINUE o62s

1 ¢ 0026
1_C.__SPECIFY. NUMBER_OF. COORDINATES, CONNECTION.NODE.NUMBERS. & EULER. ANGLES0027

1 c 0028

7 NLOCAL = KN 0029

7 NNODEL = 1 0030
—_—lc S e e vt e e e e 0031
7 NCNL = XNCNL + .001 0032

7 NCNL(1) = 0 0033

7 NCNL(2) = 0 0034

7 NCNL(3) = o 0035

7 KNM5 = KN -5 0036

7 DO 10 I = KNMS,KN 0037

7 NCNL(I) = NCNL 0033

v b LAO CONTINUE ol o e e e i o o o o o e o ..8039
1" ¢ 0040

7 EULER(1,1) = THETA 0041

7 EULER(2,1) = PHI 0042

7 EULER(3,1) = XSI 0043

i"¢ 0044
7 RETURN 0045
7 END 0046

(D) ROUTINE CRDBF1
Figure 43. Continued.
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. .C0L - + 1 + 2 + Jomm—t G -5 + é + 7 +
7 SUBROUTINE RENBF1(V,NG,XDEP,DXDEP,KN) 0001
1 cﬂmmmmmm“mmoooz
1 _.Cx — .. %0003
1 Cx* SUBROUTINE NAME : RENBF1 #0004
1 C» . #0005
1 C¥ FUNCTION:- : #0006
e ol C%  INITIALIZE. DISPLACEMENTS. AND VELOCITIES ... wv v on i com ario mee X0007
1 Cx FOR RESTART WITH TIME HISTORY SOLUTIONS %0008
1 C% FOR INPLANE BIFILARS IF KN=1, %0009
1 C» FOR VERTICAL BIFILARS IF KN=2 #0010.
1_.Cx% e et oo s et o s #0011
1 cmwm*mm*unwmmmouz
.1 c, : : . o013
7 DIMENSION V(1),XDEF(1),DXDEP(1) 0014
SR A o AP « [+ 5 1.
1 C INITIALIZE THE COORDINATE INDEX FOR THIS ELEMENT 0016
1 cC : _ 0017
Y NN =NG + 1 . , o018
1..C i , - e s ... 0019
1 C INITIALIZE THE BIFILAR DISPLACEMENTS AND VELOCITIES ' 0020
1 ¢ . L , 0021
7 XDEP(NN) = V(11) ' - 6022
SR AR o >+ 1 3214 3 D £ 1 (b 8- O VU U « | -3 S
7 NN =HNN+ 1 0024
7 XDEP(NN) = V(13) " 0025
7 DXDEP(NN)= V(14) , 0026
il IF{KN,LT,2) 60.70._10 . 0027
7 NN = NN + 1 0028
7 XDEP(NN) = Y(15) _ 0029
7 DXDEP(HN)= V(16) 0030
SO U U U S OV URRVRO-SVOVOUR o .
1 C INCREASE THE COORDINATE INDEX TO ACCOUNT FOR THE HUB COORDINATES 0032
1 C . 0033
4 10 CONTINUE 0034
7 NG = NN ¢+ 6 0035 -
1 c 0036
7 RETURN 0037
7 END : 0038

(E) ROUTINE RENBFl

Figure 43. Continued.
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e o COL _mecrdomee] + 2emm—tmee=3 + G + 5 + 6 7 +
7 SUBROUTINE NAMBF1(ALPHA,NLOCAL) 0001
1 cmmmmmmmmmoooz
SR S = mt oo o s 38135 e 4444 50 431388 e e85 et e e reb et . .. %0003
1l C* SUBROUTINE NAME : NAMBF1 #0004
1 Cx* #0005
l1 C¥ FUNCTION: #0006
er o Y C¥ L NAME _VARIABLES FOR INPLANE . BIFILARS.. i i e e e v i eroneee omeme - %0007
1 Cx» . #0008
1 cmm**mm*mm%mmmmoon9
1 C 0010
7 DIMENSION. ALPHA(5,1),GAMMAC(2),GAMMAS(2),.... . 0011
6 1 X(2),Y(213,2(2), THTX(2),THTY(2),THTZ(2) 0012
7 DATA GAMMAC/4HBF1 ,4HGAMC/, 0013
6 1 GAMMAS/4HBFY ,4HGAMS/, 0014
et e s 2 ol R FBHBFY 3GHX v e e e e e o ere veiee o .0015
6 3 Y /4HBFY 44HY /s 0016
6 4 Z /4HBF1 ,4HZ /y 0017
6 5 THTX - /74HBF1 ,4HTHTX/, 8018
6 6 THTY . /4HBF1 ,4HTHTY/, .0019
6 7 THTZ /4HBFl ,4HTHTZ/ 0020
1 C 0021
1 C RETURN THE COORDINATE NAMES 0022
e e Bt e oo e e omee rtomomnomnart awemn tvere are oo o i - 0023
7 NLOCAL = 8 0024
1 C 0025
7 00 10 I=1,2 0026
Z I1 z.I.+.1 0027
7 ALPHA(I1, 1) = GAMMAC(I) 0028
7 ALPHA(I1, 2) = GAMMAS(I) 8029
7 ALPHA(I1l, 3) = X(I) 0030
S 4 - JALPHACGIL, 4). .2 YUL) o o o e e i e v e i e 0031
7 ALPHA(Il, 5) = Z(I) 0032
7 ALPHA(I1, 6) = THTX(I) 0033
7 ALPHA(I1l, 7) = THTY(I) 0034
Z ALPHA(I1, 8)_= THTZ(I) 0035
4 10 CONTINUE 0036
1 C c037
7 RETURN 0038
Y _7__ __ _END ..0039

(F) ROUTINE NAMBF1

Figure 43.

Continued.
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132

o COL _m=omtem—-1 it S UL 4 + -5 2 6= 7 +
7 SUBROUTINE CPBF1(DATA,NC,M,C,K,F,IDIM} 0001
1 cnm%mm“*mmmmouoz
1..C% #0003
1 Cx SUBROUTINE NAME : CPBF1 %0004
1 C* %0005
1 C* FUNCTION: %0006
SR SN o NN ~CALCULATE..THE MASS,. STIFFNESS,. AND. DAMPING.MATRICES... e e - ¥0007
1 Cx AND THE FORCE VECTOR FOR INPLANE BIFILARS #0008
1 c% %0009
1 CWWWWWWWWOOIO.
1.c 0011
7 REAL K,M,MB 0012
7 " 'DIMENSION V(10),DATA(L) 0013
7 DIMENSION M(IDIM,1),C(IDIM,1),K(IDIM,1},F(1) 0014
e e od e e EQUIVALENCE(VC 13, XNCHL _)s(VE.2)oXN ... Jo(V( . 33,MB... Jy.oe — .. .0015
6 1 IVE G),RR- . )»(VL 5),R 12 (V( 6),ZETGAM), 6016
6 2 (V( 7),0MEGA ),(V( 8),THETA ),(V{ 9),PHI ), 6017
6 3 (V(10),XSI ) 0018
1.C 6019
1 € RETRIEVE INPUT DATA 0020
1c 0021
7 DO 20 I=1,10 8022
i T s o IX) SUOATALI) . o ot o e e e e e e e e e e e 8023
[ 20 CONTINUE 0024
1 C 0025
1 C INITIALIZE MATRICES TO ZERO 0026
16 0027
7 DO 10 I=1,8 0028
7 F(I) = 0.0 0029
7 00 30 J=1,8 0030
S ARSI » & 7% B T 1 I + O U RO 1 & 3 §
7 C(I,J) = 0.0 - 0032
7 . K(I,J) = 0.0 0033
4 30 CONTINUE 0034
G . 10 CONTINUE, 0035
1 ¢ 0036
1 C .CALCULATE THE MATRICES 0037
1 C 0038
o i e N T B o e e e i et i o e o v on o i o 0039
"7 = XN 0040
7 OMEGAM = OMEGA * SGRT(RR/R) 0041
1c 0042
7 C(1,1) = 2.0%ZETGAMYOMEGAM 0043
7 €(1,2) = 2.0%OMEGA 0044
7 €(2,1) =-2.0%OMEGA 0045
7 C(2,2) = 2.0%ZETGAMNOMEGAM 0046
S A R e e e e e v e 0067
- 7 Kt 1, 1) = OMEGAW*2%(RR/R~1.0) 0048
7 K( 1, 2) = 2.0%ZETGAMXOMEGAM*OMEGA 0049
7 KC 2, 1) = ~2.0%ZETGAMXCMEGAM*OMEGA 0050
7 K{ 2, 2) = OMEGA*¥2%(RR/R-1.0) 0051
¢ 0052
7 M(1,1) = 1.0 0053
7 M(1,4) = N/(2.0%R) 8054
7 M(2,2) = 1.0 0055
7 M(2,3) =-N/(2.0%R) 0056
ys M(3,2) ... =-MB¥R .0057
7 H(3,3) = NxMB 0058
7 M(4,1) = MB®R 6059
7 M(G,6) = NxMB 1 0060
e e e e e e e e et i e sron oo stre i tomn — v v e e 006
7 RETURN 0062
7 END 0063

{6) ROUTINE CFBF1

Figure 43. Concluded.



TRANSMISSION
Z

K L—’
X
FUSELAGE

(o) ONE D.OF. ISOLATOR MODEL FOR CASE 7 (Z VIBRATION ISOLATION)

k& NODE | '

yA

_ K,

TRANSMISSION - PIVOT
FUSELAGE - PIVOT 2 X

. "

NODE 2

{b) TWO D.O.F. ISOLATOR MODEL FOR CASE 8 ( YAND Z VIBRATION
ISOLATION)

NODE 3
NODE 2
Z

. Fz
Ky
TRANSMISSION -PIVOT |
B —

FUSELAGE -PIVOT 2

Ko

NOOE |

{c) TWO D.O.F. ISOLATOR MODEL FOR CASE 9 (Y AND Z VIBRATION
ISOLATION)

Figure 44. Vibration Isolator Models.
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BASE PROGRAM CASE 5
FIXED ABSORBER TIME HISTORY RESPONSE
1 MODE SHAPE - FX FORCE (C0S & SIN)

COORD VARIABLE KeY
2 DELY DJSP 4
3 X pISP 2

0.6 CASE 1

1

a
N
”a
’

- ‘Q\zjy x DELT
L MASS ABSORBER
) -] . MASS
* /ﬁ\ Force
I.-': 9.2 /\Y/ .
n .
"
6.0 | i T T T T
0.0 0.8 0.4 0.6 9.8 1.0

TINE (SEC)

Figure 45. Base Program Results for'Test,Case 5.
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BRSE PROGRAM CASE 7
$-D SINGLE ISOLATOR - OUTPUT IN G’S
4. TRANS. & 2 FUS. MODES - FZ FORCE °*

COORD VARIABLE KeY

s 27 AMPL. 4
11 2 ARPL. 2

CASE 1§

F&

150L. TRANSM.
MASS
%
i

27,28 - G's

\*\\\ FUSELACE
;E:::;ij/
e,-/”—e_ 2
T—T7 L A B | T T T 7 T T T
10 20 30 40 1)

FREGUENCY (HZ)

Figure 46. Base Program Results for Test Case 7.
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BASE' PROGRAM CASE 1t
4-2-D ISOLATORS - 3 FORCES & 3 MOMENTS

s o GE MOPE
6 Tnau MISSTON & € FUSELAGE MODES TSOLATOR 4

COORD VARIABLE XEY

25 XBF . AMPL., 1
, 27 YBF AMPL. 2
0.5 — — 29 2BF AMPL. 3

CASE 1

I I |
.
T

©
*
-
IR
e

.-
*
w -

[ I

AMPLITUDE , gls

il
.
)

I

x
'Y
<

/1

1

0.0 S D R Y TR IS Bt s E B O S SR B NN P HE Raat B A A s |

FREQUENCY (HZ)

(a) Isolator 1 Response

Figure 47. Base Program Results for Test Case 11.
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AMPLITUDE , G's

BASE PROGRAM CASE 11
4 2-D ISOLATORS -~ 3 FORCES & 3 MOMENTS
6 TRANSMISSION & 6 FUSELAGE MODES

COORD VARIABLE  TSOLATOR

289 2ZBF ARPL. 1
65 2ZBF AMPL, 2.
101 ZBF AMPL. 3

.20 - 137 2BF  ANPL. 4

7 : CASE 1

00‘5 -1

0.10 - [

0.05 - 7/

IIIIIIIIIIIITIII;T%—Q

.00
.0 0 10 20 30 40 56"

FREQUENCY (HZ)

(b) Vertical Response at Four Isolator Locations

Figure 47. Continued.
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AMPLITUDE ) g's

COORD VARIABLE

29 2BF  AMPL.
65 ZBF  AMPL.
101 2BF  AMPL.
137 ZBF  AMPL.

CASE 1

ZERO DENSITY

04T BASE PROGRAM CASE 114
" |~ 4 a-D ISOLATORS - 3 FORCES § 3 MOMENTS
6 TRANSMISSION & 6 FUSELAGE MODES
0,16 -
é'ia- :
0.08 |
0,04 -
0.0 -
FREQUENCY (HZ) Y T T ¥

138

0.0 1.00 2,00 3.00

¥ - '
5.00 6.00 x10

(c) Vertical Response at Four Isolator Positions

Figure 47. Continued.
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AMPLITUDE , &'s

- 0.2847 BASE PROGRAM CASE i1
o - 4 2-D ISOLATORS -~ 3 FORCES & 3 MOMENTS
: . "6 TRANSMISSION & 6 FUSELAGE MODES
°¢a° 7 ) . 4_
COORD VARIABLE  TIsolAToR

\ 29 2BF AMPL. 4

9.16 1 : A 65 ZBF ANPL. . 2.
- 101 2ZBF AMPL. 3

137 2BF AMPL. 4
9.1 " 3 2 CASE 1

STANMDARD DENSITY
0.08 -
.04 "

FREQUENCY (HZ) T T T T T T 1 1
9.0 1.00 2.0 3.00 4.0 5.00 6.00 xto

(d) Vertical Response at Four Isolator Positions

Figure 47. Continued.
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0.28477 - ' BASE PROGRAM CASE 11
T 4 2-D JSOLATORS - 3 FORCES & 3 MOMENTS
: 6 TRANSMISSION & 6 FUSELAGE MODES
0.20 7
COORDp VARIABLE TISOLATOR
137 2ZBF AMPL, 1
0,16 7 161 "ZBF  AMPL. 2
65 ZBF AMPL, 3
4

1 % ‘
: . 89 2ZBF ANMPL.
: CASE 1
- DEPTH REVERSED
0008_ 3 4’ ) : .
0.04 2

FREQUENCY (HZ) ' T 1 T T T 1 1
: ’ 0.0 1.0 2.00 3.00 4.00 5.00 6.00 ¥10

[
L)
-
4}]
1

AMPLITUDE , C's

(e) Vertical Response.at Four Isolator Positions

Figure 47. Continued.
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AMPLITUDE, gls

0.847 . - BASE PROGRAM CASE 11

4 2-D IS50LATORS - 3 FORCES § 3 MOMENTS
6 TRANSMISSION & 6 FUSELAGE MODES

9.20 ] , + .
COORD VARIABLE TISOLATOR
29 2ZBF ANPL. i
9,16 7 _ 65 ZBF ANPL. PR
: 101 2BF  ANMPL. 3
a 137 2ZBF AMPL. 4
0.12 7 2 CASE §
ABScissA peveese D
9,08 7 ]

6.0

FREQUENCY (HZ) v T T T T T 1 1

(f) Vertical Response at Four Isolator Positions

Figure 47. Continued.
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-0.047 - BASE PROGRAM CASE 11
o 4 2-D ISOLATORS - 3 FORCES & 3 MOMENTS
6 TRRNSH.ISSION & 6 FUSELAGE MODES

-90.007
e COORD VARIABLE ISOLATOR
: ' 29 2BF AMPL. 1
0.04 i 65 2BF  AMPL. 2
— 181 2ZBF AMPL. 3

R —_— 137 2BF  AMPL, 4

e.087 »y — CASE 1
P ORDINATE PEVERSED

0.12 ——

AMPLITUDE, &'s

. 0,207

FREGUENCY (HZ) T T ¥ T

T | :
1,60 2.00 3.090 4,00 5.00 .09 %10

(g) Vertical Response at Four Isolator Positions

Figure 47. Continued.
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" BASE PROGRAN CASE 11 - M+24 TO 64 LBS
4 2-D ISOLATORS - 3 FORCES & 3 MOMENTS
" 6. TRANSMISSION & 6 FUSELAGE MODES

COORD UARIABLE  ISoLATOK
29 2BF  AMPL. 4

CASES
1 3 5
— M=6¢ LBS KEY MAss(Les) CASE
1 24 4
2 4 3
s Mz 24185 3 64 S

@
[L}]

= 9
LA

AMPLITUDPE ) G's
(-]
-

19 2e0 30 40 50
FREQUENCY (HZ)

(h) Vertical Response for Different Isolator Masses

Figure 47. Concluded.
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. BASE PROGRAM CASE 13
'G400° INPEDANCE - RESULTS IN LBS
4 FUSELAGE MODE§ AND 6 ROTOR D.0.F.

COORD VARIABLE KEY
9 RX AMPL., 1 »
140 . - . 13 Rz AMPL. 3

CASE - 1
ﬁ—“‘ﬂ—*—*ﬂL‘——1‘__,X//—\t\‘_~f“—“1“—-‘1~
120
2 100
)
w n
Y,
o B -
4.
3 9 P 3 3
7‘\%?‘\*__*
6o R - e [
401!!!Nllllllll

10 - 15 20 2s 3e
3RD MODE FREG (HE)

(a) Force Results

Figure 48. Base Program Results for Test Case 13.
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ENT ) 6'S

ot
-

1sPie

™~
v

0.6

®
.
-

0.2

: ) BASE PROGRAM CASE 13
- G460 IMPEDANCE -~ RESULTS IN 6’5
4 FUSELAGE MODES AND 6 ROTOR D.O.F,

COORD VARIABLE
9 X ANPL.,
11 v ANPL.
13 2 AMPL.,

CASE @

L d

3RD MODE FREG (HZ)

(b) Displacement Results

Figure 48. Concluded.
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L) ZZETATIRLN JCD (4045,5TAL,19,15), 'CASSIPING - XT35a%,
: CLASS=0, V15501, H55LEVEL=(1,0),REGICI=3000K,

V4 M3GCLASS=T,HOTIFY=ET4TS
WRBWURRARAAUR YRS A LT E R IR AN AR SENER S RRRBURES SST VS PE N A B NANEND S NN
FUUUR. | L ROTORCRAFT DYHAMIC SYSTERS ANALYSIS FRac-am

wxx EXECUTIS SINVIG FRCGUAM WITH CVIRLAY STRLCT FGR COC COIFUTEIR
L e e Y A e T e R T
2 //STEFOL EXEC FGIH=FINALDY
et Jommnre o ZZSFTEPLID DD DSH=ET4T3,SIMVID.LOAD,DICSP=SHR .
. N
4 - //FTO5F001 0D ourity
RN
wuw_  READ INFUT DATA FRCH UNIT 1 FCP NORMAL RUN .

5 //FT01F001 DD DSH=ET473.SIMVIDB.DATA(SVIBS1),DISP3EHR
e W% READ G-400 INPUT.DATA. FROM 1MIIT 11.(PRCSRAM) CR UNIT 12. (U3ER) ...
™
6 //FTLIFO0L DD DUNMY <=z ALL CASES EXCEPT 14,15,15

*#¥FTI1FO00L DD DSH=ET473.SIMVIB.DATA(G430IMNIS),DISP=
ot e mn v o RA¥FTLLIFN01 0D DSHETG73.SINVID.CATA(G400IINS),DISP=

i <== CAST 14
i? <=3 CASES 15216 .

AN
*x USE UMIT 12 FOR ALL CASES EXCEFT FCR CASES 14,15,16
N
s Z.__ //FTI2FO01 DD DSH:ETG73,SINVIB.DATA(SYIBLIX},DISPESHA . . e
nw )
e READ INFUT DATA FROM LHIT 10 FCR COUPLING HITH E-927
L $.1.3
e o B . s/FTI0F0C) DD DSHZET473.SINVIB.DATACSVIBI2X)ZDISPESHR .. .o o e o=
e HCRUAL OUTFUT IS LRITTEN O FILE 6
¥
e L Z/FTOAFCOL DD | SYSOUTET s v o oo o v sriemimen e i
EE2 3
wnw FLMCHED CUTPUT COES TO FILE 7
A
e IO ZZFTOTENOL . DD _DUYBMAY.L | il el e e e e e v e o
L2 5 DT
e CUTFJT USED FCR -PLOTTING IS KRITTEN TO FILE 2

11 _ ...//FYe2FOOY DD SYSOUT=T .

[y

xx% OJTFUT USED FCR TINME HISTORY RESTART IS WRITTEN TO FILE 3

*HN

.12 //FTOSFCOL DD SYSOUT=T . . ...€s35 FOR ALL CASES EXCCPT CX
. kNXFTOBF001 OD OSH=ET473.5VIBOSX.DATA,DISP=(1ICC,KEED) <=3 CA
®n
ERNNRE NN AN ®  CPTICIHS FCR OUTFUT RETULTS  KMwuu N ad s N X N K ¥ ¥ & i

#u%  OPTICH 1. KRITE QUTPUT TO PAPER
%NHFTQ2F001 DD SYSCUT=T
£ 124
Tk T OPTICH 2, TIRITE QUTRUT TO A MCW FILE T T
*%%FTO2F001 DD DSHSET473.PLOTSVOL.DATS,CISP=(HEW,CATLG),

(23] UHIT2TE0, SPACES(TRK,(5+5)),
LAl OCB=(RECFI=FR, LRECL=80,BLKSIZE=31201
[ —— — . i . e v -

_wex  OPTION 3. LRITE CUTTUT OVER AN OLD FILE
¥%WFTO2FO01 DO DSN=CT473.PLOTSVOL.DATADISP=(OLD KEEP)
L2

T wxx OPTICH 4. KRITE CUIPUT IN DACK OF AN OLO FILE
x%*xFTO2FO0L OD DSN=ET473.PLOTSVOL.DATA,DISP=(HODKEEP)
E2 L]

e e ol LW OPTICH 5. DO NOT WRITE ANY OUTFUT . . e e o o o

*¥%FT02F001 DD DUMIY _
U3 DD 606000636 00 06 DT e 0 D006 06 0 D30 00 000000 06 36 2036 30 3 06 06 03 08 36 DO B0 0 2434 06
13 /7 <=2z LAST JCL INPUT CARD

Figure 49. Base Program IBM JCL.
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* /JOB

% /HOSEQ

SVLINKB,T1400,CM300000.

RFL(200000)
GET,SVB1B.

GET,SVB2.

FTH(I=SVB1B,R=0,L=TAPE1l,B=NSVB1GO,A)
FTH(I=SVR2,R=0,L=TAPE2,B=NSV2G0, A)
REPLACE(NSVE1GO)

REPLACE(NSV2GO)

ATTACHC(ALTMLIB/UN=LIBRARY)

SEGLOAD(B=SVBABS)
LDSET(LIB=ALTMLIB,PRESET=ZERO,MAP=SBEX/LMAP)
LOAD(NSVB1GO)

LOAD(NSV2GO)

NOGO.
REPLACE (SVBABS)
DAYFILE,JCLOUT.
REPLACE, JCLOUT.
REPLACE(TAPE1=FORTB1)
REPLACE(TAPEZ2=FORTB2)
REPLACE,LMAP.

EXIT

DAYFILE,JCLOUT.
REPLACE, JCLOUT.
REPLACECTAPE1=FORTB1)
REPLACE(TAPE2=FORTB2)
REPLACE,LMAP.

% /EOR

SIMVIB GLOBAL ACONVR,CBETA,CDATA,CDEBUG,CFR1,CGEN,CGF1,CINQUT

SIMVIB GLOBAL CITER,CLABEL,CMAXA,CNAMES,CPLOT,CREZ2,CRE3

SIMVIB GLOBAL CRE3H1,CRE3H2,CRSTRT

suB
SUE

* /EOF

2
1

TREE

SIMVIB-(SUB1,LINK,RECOVR, TRNSFM,LABEL,SUB2)
SIMVIB

¥ For card images operation:

FIGURE

1.
2.
3.

£0.

delete /JOB and /NOSEQ instructions (first 2 cards).
replace /EOR wWith a 6/7/8 multiple punch card.
replace /EOF with a 6/7/8/9 multiple punch card.

CDC JCL FOR INSTALLATIOH OF THE BASE PROGRAM BATCH

MODE.

COMPUT-(UPDATE, ASSMBL ,SOLVE-~(SOLEGHN, SOLFRT) ,RESTOR,SAVE)
TREE INPCDC-(INPUT,PINPUT—~(PRINTI,PRINT2))
TREE
END
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* /JOB
* /NOSEQ
SVLINKI,T1400,CM300000.

RFLC200000)

GET,SVE1T.

GET,SVBZ.

FTHN(I=SVB1T,R=0,0PT=2,L=TAPE1,B=NSVT1GO, A)

FTN(I:SVBZ,R:0,0PT:Z,L:TAPEZ,B:NSVTZGO,A)

REPLACE(NSVT1IGO)

REPLACE(NSVT2G0)

ATTACH(ALTMLIB/UN=LIBRARY)

SEGLOAD(B=SVOABS) _

LDSET(LIB=ALTMLIB,PRESET=ZERO,MAP=SBEX/LMAP)

LOAD(NSVT1GO) ’

LOAD(HSVT2G60)

NOGO.

REPLACE(SVOABS)

DAYFILE,JCLOUT.

REPLACE,JCLOUT.

REPLACE(TAPE1=FORTT1)

REPLACE(TAPE2=FORTT2)

REPLACE,LMAP.

EXIT.

DAYFILE, JCLOUT.

REPLACE, JCLOUT.

REPLACE(TAPE1=FORTT1)

REPLACE(TAPE2=FORTT2)

REPLACE,LMAP,

. % /EDR )
SIMVIB GLOBAL ACOMVR,CBETA,CDATA,CDEBUG,CFR1,CGEN,CGF1,CINOUT
SIMVIB GLOBAL CITER,CLABEL,CMAXA,CNAMES,CPLOT,CRE2,CRE3
SIMVIB GLOBAL CRE3H1,CRE3H2,CRSTRT
SUBZ TREE COMPUT-~(UPDATE,ASSMBL,SOLVE-(SOLEGN,SOLFRT),RESTOR,SAVE)
SUBl TREE INPCDC~CINPUT,PINPUT-(PRINTI,PRINT2))
TREE SIMVIB-(SUB1,LINK,RECOVR,TRNSFM,LABEL,SUB2)
END SIMVIB '
"% /EOF

% For card images operation:
1. delete /JOB and /NOSEQ instructions (first 2 cards).

2. replace /EOR with a €/7/8 multiple punch card.
3. replace /EOF with a 6/7/8/9 multiple punch card.

FIGURE E1. CDC JCL FOR INSTALLATION OF THE BASE PROGRAM INTERACTIVE MODE.
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» /JOB

» /HOSEQ
SIMVIB,T1400,CM300000.
USER y =—mmm—mme s
CHARGE ) =m===w= +LRC.

RFL(300000)
GET,SVBABS.
GET,TAPEl=SVE1l2.
GET,TAPE10=ES27MAT.

NOTE - REPLACE CARD ABOVE WITH FOLLOWING CARD(S):

GET,TAPE8=SVBO6X. <=== FOR TIME HISTORY RESTART - SEE TABLE
GET,TAPE11=SVB14X. <=z=== FOR G400 IMPEDANCES - SEE TABLE
GET,TAPEl11=SVB15X. <=== FOR G400 IMPEDANCES -~ SEE TABLE
GET,TAPE12=SVB13X., <=== FOR USER INPUT IMPEDANCES - SEE TABLE

13,
13,
13,
13,

CASE 6

CASE 14
CASES 15416
CASE 13

SVBAES.
DAYFILE,JCLOUT.
REPLACE,JCLOUT.
REPLACE(QUTPUT=0UTRUNI)
REPLACE(TAPE2=SVBP12)
EXIT.
DAYFILE,JCLOUT.
REFLACE,JCLOUT.
REPLACE(OUTPUT=0UTRUNL)
REPLACE(TAPE2=SVBP12)

. DMD(200)

* /EOF

* For. card images operation:

1. delete /JOB and /HOSEQ instructions (first 2 cards).
2. replace /EOF with a 6/7/38/9 multiple punch card.

FIGURE 52. CDC JCL FOR EXECUTION OF THE BASE PROGRAM BATCH MODE.
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. . . FOLLOW NORMAL LOGOH PROCEDURE . . . . .

GET,SVOABS.
GET,TAPE1=DATAl.
GET,TAPE3=DATAS.
GET,TAPE1O0=DATALlGQ.
GET,TAPE11=DATAll.
GET,TAPE12=DATAl2.
SVOABS.’

SEE NOTE 1 BELOW

”

"

”

A A A AN
1}
n
(1]

”

NOTE 1: DATA FILES BELOW ARE USED AS NEEDED FOR EACH RUN.

DATA1 = INPUT DATA FILE.

DATAS = TIME HISTORY RESTART DATA FILE.
- DATA10 = E927 MATRICES FILE.

DATAll = G400 ROTOR IMPEDANCES FILE.
DATAlZ2 =

USER INPUT OF ROTOR IMPEDANCES FILE.

. « « AFTER ™2" APPEARS, KEY IN THE LETTER "T"™ AND CLEAR THE SCREEN.
. « . OUTPUT RESULTS HWILL BE PRINTED OUT IN BLOCKS OF 20 LINES.

. « .« A PAUSE ALLOWS THE USER TO MAKE A COPY IF DESIRED.

. . . TO CONTINUE, CLEAR THE SCREEN AND KEY IN A "." (PERIOD).

. « . AT THE END OF THE CALCULATIONS, KEY IN A "."™ 70 END EXECUTION.
. + . PLOT FILE RESULTS ARE ON TAPE2.

. <« . OUTPUT PRINTOUT IS ON TAPE3.

= SEE NOTE 2 BELOW

1

REPLACE, TAPE2=DATAZ. <=
REPLACE, TAPE3=DATAZ. <

NOTE 2:

PLOT DATA FILE.
OUTPUT DATA FILE.

DATAZ
DATA3

. .« TO OBTAIN A HARD COPY OF THE OUTPUT, REPLACE CARD ABOVE WITH:
REWIND, TAPE3.
COPYSBF,TAPE3,LIST.
DELIVER.BLDG JOHN DOE
ROUTE,LIST,DC=LP.
. « . TO STACK UP PLOT FILES, REPLACE TAPE2Z CARD ABOVE WITH:

APPEND, DATAZ, TAPE2.

GET, DATAZ. THIS PROCEDURE TAKES OUT THE
PACK,DATAZ. {=== ~EOR~- MARK AT THE END OF THE
REPLACE, DATA2. PLOT DATA FILE "DATA2"™.

« - « NOW THE PLOT DATA FOR 2 RUNS IS ON ONE FILE!

FIGURE 52. CDC JCL FOR. EXECLUTION OF THE BASE PROGRAM INTERACTIVE MODE.
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TABLE 1. BASE PROGRAM SUBSTRUCTURES

Component Descriptive Component Description
Flag Name
BF1 BIFILAR 1 Inplane linear bifilar vibration absorber for reduction of
: inplane rotor vibrations
BF2 BIFILAR 2 Vertical linear bifilar vibration absorber for reduction of
: - out-of-plane rotor vibrations
BM1 BEAM MODEL 1 Uniform elastic beam segment
CN1- CONSTRAINT 1 Component allowing elimination of various degrees of free-
dom at a connection node
FAl FIXED ABSORBER 1 Single mass, spring and damper vibration absorber for re-
duction of aircraft vibrations at specific locations
GF1 GENERALIZED FORCE 1 Force component allowing specification of harmonic force
and moment input excitations
ISl ISOLATOR 1 Modal isolator employing two anti-resonant bar weights
MS1 MODAL SUBSTRUCTURE 1 Normal mode representation of a dynamic structure
RE2 ROTOR ELASTIC 2 Aeroelastic rotor model represented by mass, damping
. and stiffness matrices derived from program E927 (hover only)
RE3 . ROTOR ELASTIC 3 Aeroelastic rotor model represented by an impedance matrix

derived from program G400 (hover and forward flight).
Higher Harmonic Control (HHC) option available with RE3.
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TABLE 2. BASE PROGRAM SOLUTION AND OPERATIONAL MODES

Mode Descriptive . Component Description

Flag Name .

EG1 EIGENSOLUTION 1 Eigensolution mode for systems without damping (real)

EG2 EIGENSOLUTION 2 Eigenéolution mode for systems with damping (complex)

FR1 FORCED RESPONSE 1 Forced response solution mode yielding harmonics of steady
state response

TH1 TIME HISTORY 1 Time history solution mode using Newmark Beta Method

: (Reference 1)

GEN GENERAL General control operational mode providing general control
for a computer run

PV1 PARAMETER VARIATION 1 Parametric variation operational mode facilitating variation

of parameters for design studies
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TABLE 3. SUMMARY OF ATTRIBUTES OF BASE PROGRAM COMPONENTS

Number Number Number of
of Input of Work Connection Number of .
Number Name Locations Locations Nodes Coordinates Output Coordinates Fortran Names
(NDLOAD) (NWORK) :
1 BF1 14 0 1 8 GAMMAC, GAMMAS, X, Y, 2, THTX, THTY, THT2
2 BF2 16 o] 1 9 BETAO, BETAC,BETAS, X, Y, 2, THTX, TUTY, THTZ
3 BML1 21 0 2 12 X1,Y1,21,THTX1,THTY1,THTZl (at end 1),
X2,Y2,22,THTX2, THTY2, THTZ2 (at end 2)
4 CN1 10 0 1 6 X,Y,2,THTX, THTY, THTZ
5 *EG1 1 [+] - - -
6 *EG2 1 0 - - - ’
7 FAl 12 0 1 7 DELTA,X,Y,2,THT1,THT2, THT3
8 *FR1 3 [+] - - -
9 +GEN 10 0 - - -
10 GF1l 23 o] 1 6 X,Y,2,THT1,THT2, THT3
11 181 73 [+] 2 18 XT, YT, 2T, XB,YB, 2B, XBT, YBT, 2BT, TXBT, TYBT, TZBT,
. XBF,YBF,2BF, TXBF,TYBF, TZBF
12 MS1 57 ] to 1 MODE
13 +PV1 23 0 - - -
14 RE2 5 30+3*NC*NC 1. 1+NC E927 names {see section 7) -~ NC=29 max.
15 RE3 19 232 (ISTRSS=0) 1 6 " Displacements are X,Y,Z,WX,WY,WZ.
3269 (ISTRSS=1) Forces/moments are RX,RY,RZ,RMX,RMY,RMZ
16 *TH1 6 2 - - -

*Indicates solution mode.
+Indicates operational mode.
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TABLE 4. SUMMARY OF BASE P

ROGRAM DEBUG OUTPUT OPTIONS

Segment Subroutine Solution Methods Description of Debug Printout
No. - Name EGl EG2 FR1 TH1
8 RECOVR X Time history restart input data
9 TRNSFM X X X X Matrix coordinate transformations
9 RENTH1 X Initial displacements and velocities
9 RE1TH1 X As above .
12 UPDMD1 X Displacements and velocities at each time step
13* ASMMCK X X X X Assembly of M,C, and K matrices
15* SO2EG1 X Eigenvalues and eigenvectors - real
15* SO2EG2 X Eigenvalues and eigenvectors - complex
16* SO2FR1 X Forced response solution intermediate results
16* SO2TH1 X Time history solution intermediate results
16 ASMZ2 X G400 impedance matrix and force vector assembly
16 ASMH2 X G400 H matrix relating hub reaction loads. to HHC
inputs
17 RESFR1 X HHC angle inputs used in the calculations of
responses
17 HTRE3 X Intermediate matrix P and optimal HHC angles
17 HXRE3 X Dependent coordinate response - cosine and sine
components
17 TDPRE3 X T matrices in independent and dependent domains
for HHC appllcatlon
17 VDEP X Baseline vector in dependent domain without HHC
17 WZDGF1 X Weighting factors for responses with HHC
application
17 STRRE3 X Baseline vector, HHC angles, stress vector and
and one-half peak-to-peak stresses
17 RE2EG1 X Displacements as referred to a local axis system
17 RE2FR1 X As above
17 RE2TH1 X As above
18 SAVTH1 X - Time history data saved for restart

* Indicates that sample outputs are included in

this report.

X Indicates which solution method is applicable.




TABLE S.

DESCRIPTION OF HIGH LEVEL ROUTINES

Segment Leading
Number Routine Segment Description

1 MAINSV Main program

2 INPCDC Controls subroutines readlng, printing, and
converting to internal program units of com-
ponent input data

3 INPUT Reads the component input data

4 PINPUT Controls component dedicated routines readlng
component input data

5 PRINT1 Prints out input for all components except ISl
and RE3

6 PRINT2 Prints out input for components IS1 and RE3

7 LINK Controls the reading of input data transmitted
by external programs E927 and G400

8’ RECOVR Recovers component initial displacements and
velocities for a time history restart con-
dition

9 TRNSFM Forms matrix transformations relating to
system coordinates

10 LABEL Forms labels for output coordinates and solutlon
methods

11 COMPUT Controls routines processing the data and solves
the system equations

12 UPDATE Updates system parameters or value of time

13 ASSMBL Assembles system mass, damping, and stiffness
matrices

14 SOLVE Controls choice of solution methods (eigen-
solutions or forced response/time history)

15 SOLEGN Calculates eigensolutions (real or complex)

16 SOLFRT Calculates forced response or time history
solution

17 RESTOR Restores system coordinate displacements from
a global to a local axis system '

18 SAVE Saves final results for printing, plotting,

and for time history solution restart conditions.
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TABLE 6.

SEGMENTATION STRUCTURE AND COMMON BLOCKS

Segment Fortran Subroutine COMMON Block
Number Name Name
1 MAINSV ACONVR

BLOCK DMTRX CBETA
CINBF1 DSUB CDATA
CINBM1 IASKSP CDEBUG
CINFR1l IRMVSP CFR1
CINGEN ISETSP CGEN
CINGF1l ‘MATMUL CGF1
CINIS1 RECFB1 CINOUT
CINKL1 RECCN1 CITER
CINMS1 RECFAl CLABEL
CINRE2 RECIS1 CMAXA
CINRE3 RECKL1 CNAMES
CONINP RECMS1 CPLOT
RECREZ2 CRE2
CRE3
CRE3H1
CRE3H2
CRSTRT
INPCDC -
+INPUT
+FFLOAD +LOAD- -
FREAD NSPACE ) :
PINPUT
5 PRINT1 .
PINBF1 PINKL1 -
PINBM1 ' PINMS1
PINCN1 PINPV1
PINEG1 PINRE2
PINFAl " PINTH1
PINFR1
PINGEN
PINGF1
[} PRINT2
PINIS1 PINRE3
7 LINK
LK2RE2 PRTRE3 -
LK2RE3 PRTSTR
8 RECOVR
RECTH1 - : -




TABLE 6. CONTINUED.
Segment FORTRAN Subroutine COMMON Block’
Number Name
9 TRNSFM
ASCND CRDRE3
BET DEPC1
BETO EULTRN
BET1 INDC1
BET2 INDC2
COORD RENBF1
CRDBF1 RENCN1
CRDEM1 RENFAl
CRDCN1 RENIS1
CRDFAl RENKL1
CRDGF1 RENMS1
CRDIS1 ‘RENRE2
CRDKL1 RENTH1
CRDMS1 RE1TH1
CRDRE2
10 LABEL
+ACON NAMBM1
+ACONDP NAMCN1
+CORE +NAMES
+LBLEG1 NAMFAl
+LBLEG2 NAMGF1
LBLFR1 NAMIS1
LBLTH1 NAMMS1
NAMBF1 NM2RE2
NAMBF2 NM2RE3
11 COMPUT
*LINV3F *UERTST
*LUDATF *UGETIO
*LUELMF
12 UPDATE
FFREAD UPDPV1
UPDMD1 UPDTH1
13 ASSMBL
ASMALL CPFAl
ASMMCK CPIS1
CcpP CPKL1
CPBF1 CPMS1
CPBF2 CP2RE2
CPBM1 CP2RE3
14 SOLVE
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TABLE 6. CONCLUDED.

Segment FORTRAN Subroutine COMMON Block
Number Name Name
15 SOLEGN
*EIGZF SO2EG1 -
*EQZQF SO2EG2 :
*EQZTF *VHSH2C
*EQZYF ] *VHSH2R
SOLEG1 *VHSH3R
SOLEG2
16 SOLFRT
ASMH2 NMARKZ2 -
ASMZ2 SOLFR1
FORGF1 SOLTH1
*LEQT2F SO2FR1
*LINV2F SO2TH1
LUREFF *VXADD
MATD1 *VXMUL
~ NMARK1 *VXSTO
17 RESTOR
: HBFRE3 REZEG1 -
HJRE3 REZ2EG2 -
HTRE3 RE2FR1
HXRE3 RE2TH1
PRTHHC STRRE3
PSTRSS TDPRE3 |
RESEG1 VDEP
RESEG2 WZDGF1
RESFR1
RESTH1
18 . SAVE
- +GVPLOT SAVTH1 -
PRINT SV2EG1
SAVEG1 SV2EG2
SAVEG2 SV2FR1
SAVFR1 SV3TH1

*IMSL routines to be replaced by the contractor.
+Fortran routines to be revised or replaced for CDC system operation.
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TABLE 7 ALPHABETICAL LIST OF BASE PROGRAM FORTRAN ROUTINES

Routine

‘No Routine seg. No. Seg. No. Routilne Seg.
Name No. Name No. Name No.
1 +ACON 10 33 CPFAl 13 65 HXRE3 17
2 +ACONDP 10 34 CPIS1 13 66 < IASKSP "1
3 ASCND 9 35 CPKL1 13 67 INDC1 9
4 ASMALL 13 36 CPMS1 13 68 INDC2 9
5 ASMH2 16 37 CP2RE2 13 69 INPCDC 2
6 ASMMCK 13 38 CP2RE3 13 70 +INPUT 3
7 ASMZ2 16 39 CRDBF1 -9 71 IRMVSP 1
8 ASSMBL 13 40 CRDBM1 9 72 ISETSP 1-
9 BET 9 41 CRDCN1 9 73 LABEL 10
10 BETO0 9 42 CRDFA1l 9 74 +LBLEG1l 10
11 BET1 9 . 43 CRDGF1 9 75 +LBLEG2 10
12 BET2 9 44 CRDIS1 9 76 LBLFR1 10
13 BLOCK 1 45 CRDKL1 9 77 LBLTH1 10
14 CINBF1 1 46 CRDMS1 9 78 *LEQT2F 16
15 CINBM1 1 47 CRDRE2 9 79 LINK 7
16 CINFAL 1 48 CRDRE3 S 80 *LINV2F 16
17 CINFR1 1 49 DEPC1 9 81 *LINV3F 11
18 CINGEN 1 50 DMTRX 1 82 LK2RE2 7
19 CINGF1 1 51 DSUB 1 83 LK2RE3 7
20 CINIS1 1 52 *EIG2F 15 84  +LOAD 3
21 CINKL1 1 53 *EQZQF 15 85 *LUDATF 16
22 CINMS1 1 54 *EQZTF 15 86 *LUELMF 16
23 CINRE2 1 55 *EQZVF 15 87 *LUREFF 16
24 CINRE3 1 56 EULTRN 9 88 MAINSV 1
25 COMPUT 11 57 +FFLOAD 3 89 MATD1 16
26 CONINP 1 58 FFREAD 12 90 MATMUL 1
27 COORD 9 59 FORGF1 16 91 NAMBF1 10
28 +CORE 10 60 FREAD 3 ‘92 NAMBF2 10
29 CP 13 61 +GVPLOT 18 - 93 NAMBM1 10
30. CPBF1 13 62 HBFRE3 17 94 NAMCN1 10
31 CPBF2 13 63 HJRE3 17 95 +NAMES 10
32 CPBM1 13 64 HTRE3 17 96 NAMFAL 10

*IMSL routines to be replaced by the contractor.

+Fortran routines to be revised or replaced for CDC system operation.
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TABLE 7 CONCLUDED.

Routine

No. Seg No. Routine Seg. No. Routine Seg
Name No. Name No. Name No.
97 NAMGF1 10 129 RECCN1 1 161 SOLEG1 15
98 NAMIS1 10 130 RECFAl -1 162 SOLEG2 15
99 NAMMS1 10 131 RECIS1 1 163 SOLFRT 16
100 NMARK1 16 132 RECKL1 1 164 SOLFR1 16
101 NMARK2 16 133 RECMS1 1 165 SOLTH1 16
102 NM2RE2 10 134 RECOVR 8 166 SOLVE 14
103 NM2RE3 10 135 RECRE2 1 167 SO2EG1 15
104 NSPACE 3 136 RECTH1 8 168 SO2EG2 1S5
105 © PINBF1 4 137 RENBF1 9 169 SO2FR1 " 16
106 PINBM1 4 138 RENCN1 9 170 SO2TH1 16
107 PINCN1 4 139 RENFAl 9 171 STRRE3 17
108 PINEG1 4 140 RENIS1 9 172 SV2EG1l 18
109 . PINFAl 4 141 RENKL1 - 9 173 SV2EG2 18
110 PINFR1 4 142 . RENMS1 9 174 SV2FR1 18
111 PINGEN 4 143 RENRE2 9 175 SV3TH1 18
112 PINGF1 4 144 RESTH1 9 176 TDPRE3 17
113 PINIS1 4 145 RESEGl- 17 177 TRNSFM 9
114 PINKL1 4 146 RESEG2 17 178 *UERTST 14
115 PINMS1 4 147 RESFR1 17 179 *UGETIO 14
116 PINPUT 4 148 RESTH1 17 180 UPDATE 12
117 PINPV1 4 149 RESTOR 17 181 UPDMD1 12
118 PINREZ2 4 150 RE1TH1 9’ 182 UPDPV1 2
119 PINRE3 4 151 RE2EGL 17 183 UPDTH1 12
120 PINTH1 4 152 REZ2EG2 17 184 VDEP 17
121 PRINT 18 .153 REZ2FR1 - 17 185 *VHSH2C 15
122 PRINT1 5 154 RE2TH1 17 186 *VHSH2R 15-
123 PRINT2 6 155 SAVE 18 187 *VHSH3R 15
124 PRTHHC 17 156 SAVEGl 18 188 *VXADD 16
125 PRTRE3 7 157 SAVEG2 18 189 *VXMUL 16
126 PRTSTR 17 158 SAVFR1 18 190 *VXSTO 16
127 PSTRSS 17 159 SAVTH1 18 191 W2ZDGF1 17
128 RECBF1 1 160 SOLEGN 15

*[SML routines to be replaced by the contractor.

+Fortran routines to be revised or replaced for CDC system operatlon




No.

TABLE 8.

Routine
Name

FUNCTIONS OF FORTRAN ROUTINES IN BASE PROGRAM

Brief Description

‘o

10

11

12

13

14

15

ACON

ACONDP

ASCND

ASMALL

ASMMCK

ASMH2
ASMZ2

ASSMBL

BET

BETO

BET1

BET2

BLOCK

CINBF1

CINBM1

IBM routine, called by ACONDP, which converts
floating point or integer numbers to alpha
numeric characters. Not used for CDC appli-
cations.

IBM routine to be replaced by equivalent CDC
routine ENCODE. It is called by subroutines
NAMES, LBLEGl, and LBLEG2. It provides inter-
face between a global double precision program
module and single precision system routines.
Sorts a vector of integers into ascending order.
Ex: 3,3,3,2,1,1,4,4, to 1,1,2,3,3,3,4,4.

Sets computer storage needed for assembling
mass (M), damping (C), and stiffness (K)
matrices and force vector. :
Assembles the global M,C, and K matrices from
the local matrices and forms the global force
vector.

Assembles the rotor impedance matrix H.
Assembles the rotor impedance matrix (2) and
the force vector (F) for component RE3 and
forced response solution FRI1.

Controls assembly of M,C, and K matrices for
the different solution methods.

Saves non-zero elements of the BETA matrix
(product of BETA), BETAl, and BETA2 below)

in vector form for fast assembly.

Forms BETAO transformation matrix relating
local element coordinates to the global element
coordinates.

Forms BETAl transformation matrix relating de-
pendent and independent coordinates in the
global system.

Forms BETA2 transformatin matrix relating
coordinates defined by routines INDCl1l and
INDC2.

Initializes data in COMMON blocks.

NOTE: Subroutines CINBFl (no. 13) through
CINRE3 (no. 23) perform the same func-
tion, which is to convert component.
input data to internal program units
(slug, foot, sec, and radian). The
component name is identified by the
last 3 characters in the routine's
Fortran name.

See note above (this routine handles both in-
plane and vertical bifilars).
See note above.
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TABLE 8. CONTINUED.

Routine
No. ‘Name Brief Description

16 CINFAl See note above.

17 CINFR1 See note above.

18 CINGEN See note above.

19 CINGF1 See note above.

20 CINIS1 See note above.

21 CINKL1 See note above.

22 CINMS1 i See note above.

23 CINREZ2 See note above.

24 CINRE3 See note above.

25 COMPUT Controls lower level routines processing the
data and solving system equations of motion at
each step (parametric variation or time step).

26 CONINP Controls routines converting input units to in-
ternal units.

27 COORD Defines the number of coordinates to be used
for each component. B

+28 CORE IBM routine, called by ACON, which provide
computer storage. Not used or CDC applications.

29 - CP Controls component dedicated routines forming
local M,C, and K matrices and local force
vector.

NOTE: Subroutines CPBF1 (no. 29) through CP2RE3
(no. 37) perform the same function, which
is to calculate the local M,C, and K
matrices and local force vector for a system
component. The component name is identi-
fied by the last 3 characters in the rou-
tine name.

30 CPBF1 See note above.

31 CPBF2 See note above.

32 CPBM1 See note above.

33 CPFAl See note above.

34 CPIS1 See note above.

35 CPKL1 See note above.

36 CPMS1 See note above.

37 CP2RE2 } See note above.

38 CP2RE3 See note above.



TABLE 8. CONTINUED.

Routine
No. Name Brief Description
NOTE:Subroutines CRDBF1l (no. 38) through CRDRE3
(no. 47) perform the same function, which
is to specify the number of coordinates,
connection node numbers, and Euler angles’
for each component. The component name
is identified by the last 3 characters in
the routine name.
39 CRDBF1 See note above (this routine handles both in-
plane and vertical bifilars).
40 CRDBM1 See note above.
41 CRDCN1 See note above.
42 CRDFAl See note above.
43 CRDGF1 See note above.
44 CRDIS1 See note above.
45 CRDKL1 See note above.
46 CRDMS1 See note above.
47 CRDRE2 See note above.
48 CRDRE3 See note above.
49 DEPC1 Forms attributes of the dependent coordinates
of the assembly.
50 DMTRX Displays non-zero elements of a matrix or a
vector. :
51 DSUB writes out the name of the subroutine being
called for debug printout
* 52 EIGZF IMSL routine called by SO2EGl and SO2EG2 for
eigensolutions. It calculates eigenvalues
and eigenvectors (optionally) of the system
A * X = * B * X where A and B are real
matrices. ]
* 53 EQZQF IMSL routine called by EIGZF for eigensolu-
tions. It reduces two input matrices A and
B, simultaneously,.A to upper Hessenberg and-
B to upper triangular form.
* 54 IMSL routine callee by EIGZF for eigensolu-

EQZTF

tions. It reduces an upper Hessenberg matrix
A to quasi-upper triangular form while keep-
ing matrix B triangular.
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No.

Routine
Name

TABLE 8. CONTINUED.

Brief Description

56

58

59

60

EQZVF

EULTRN

FFLOAD

FFREAD
FORGF1

FREAD

GVPLOT

HBFRE3

HJRE3
HTRE3
HXRE3

IASKSP

IMSL routine called by EIGZF for eigensolu-
tions. It calculates the eigenvalues and
eigenvectors (optionally) of the system A * Z
= * B * Z where A is quasi-upper triangular
and B is upper triangular. '

Forms 3 x 3 rotation transformation matrix

of direction cosines from input Euler angles
(THETA,PHI,XSI).

Reads component name and element number, prints
out run heading and image of input data, con-
trols reading of input data for successive
cases and -stores input data into 2 vectors,
ILOAD for integer values and DLOAD for real
values. The WRITE statements are computer .
dependent (CDC or IBM).

Updates input data; called by UPDATE in the
execution of a parametric variation study.
Forms the force vector from the input excita-
tion forces for component GFl. ‘

Updates input data called by INPUT at the
start of the run. This routine is identical
to FFREAD; a duplicate routine is used to re-
duce the size of the first overlay segment.
wWrites titles, output results and labels tec a
file on unit 2 for plotting purposes. The
WRITE statements are computer. dependent (CDC
or IBM). .

Restores hub interface forces and moments
resolved to the hub local axis: -from a solution
for rotor type RE3.

Computes performance index J for HHC application.
Computes HHC optimum control angles.

Computes dependent coordinate response with HHC.

FUNCTION IASKSP returns information defining

computer storage allocations for a specific
variable.

EX: LOCEXP=IASKSP (IA,A,4HEXPL,KIND,KLASS,
NROWS,NCOLS).  The function subroutine IASKSP
provides the storage location, LOCEXP, for
variable EXPL in the IA vector which contains
integer values (the A vector contains real
values) and the storage locations for the
attributes KIND, KLASS, NROWS, NCOLS, where

KIND = 1 for real, 2 for complex values

KLASS = 1 for all cases
NROWS = number of rows in EXPL
NCOLS = number of columns in EXPL



No.

Routine

Name

TABLE 8. CONTINUED.

Brief Description

67

68

69

71

72

INDC1

INDC2

INPCDC

INPUT

IRMVSP

ISETSP

If the variable name EXPL is not found in the
catalog entry list of the IA vector, a

message is printed to that effect and pro-
gram execution is terminated. 'The programmer
should then use the function ISETSP to reserve
storage for the variable EXPL (see wrlteup for
ISETSP, no. 68).

Stores the element number, connection node
number, displacements and velocities of the
independent coordinates of the assembled
system.

Calculates the size of the independent coor-
dinates vector and assigns global element )
numbers and node numbers to the set of inde-
pedent coordinates by removing those coordinates
expressible in terms of modal coordinates for
elastic structures.

Controls reading, printing, and converting to
internal units of the component input data.
Reads the component input data. It also reads
and writes up to 4 title cards. CDC format
is 4A10, IBM format is 10A4.

Frees computer storage allocations no longer
needed for the variable specified.

EX: CALL IRMVSP (IA,A,4HEXPL). The catalog
entry list is first searched to find the
variable name EXPL. If found, then storage
is freed and the variable EXPL does not exist-
any longer. 1If the name EXPL is not found,
than space was not previously allocated and
therefore none can be freed; program yields

a message to that effect and proceeds with
execution.

FUNCTION ISETSP reserves computer storage for
the variable specified.

EX: LOCEXP=ISETSP (IA,A,4H EXPL,KIND, KLASS,
NROWS, NCOLS). The routine first checks to see
if storage has already been reserved for
variable EXPL. If it has, it returns the
value LOCEXP (location in the IA vector)

and program execution continues. If it hasn't,
it reserves storage locations in the IA and

A vectors if enough space is available. 1If
the space requested is not available, a
message 1is printed to that effect and pro-
gram execution is stopped. The programmer
should then either reduce the storage re-
quested for EXP or increase the size of the

.IA and A allocation vectors.
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No.

Routine
Name

TABLE 8. CONTINUED.

Brief Description

73

76

77

79

82

83

89

LABEL

LBLEG1

LBLEG2 .

LBLFR1
LBLTH1

LEQT2F

LINK

LINV2F

LINV3F

LK2RE2

LK2RE3

LOAD

LUDATF

LUELMF

- LUREFF

MAINSV

'MATD1

Forms labels for output system coordinates
and methods of solution.

Forms the labels for eigenvalue solution EG1
with no system damping. CDC uses ENCODE, IBM
uses ACONDP. ' .

Forms the labels for eigenvalue solution EG2
with system damping. CDC uses ENCODE, IBM
uses ACONDP. '

Forms the labels for the forced response
solution FRI1.

Forms the labels for the time history solution
TH1.

IMSL routine called by IMSL routine LINV2F and
by the Base Program subroutines NMARK1l and
NMARK2. It solves a set of linear equations
(highly accurate). ' :
Controls the reading of input data trans-
mitted by external programs E927 and G400.
IMSL routine called by subroutine NMARKI1.

It calculates the inverse of a matrix (highly
accurate - uses full storage).

IMSL routine called by SO2FR1 and HTRE3.

It calculates the inverse of a matrix (not as
accurate as LINV2F but requires less storage).
Reads rotor matrices (M,C, and K) from program
E927 stored in unit 10.

Reads rotor impedance matrix and force vector
from program G400 stored in unit 11 or as
specified by the user on unit 5 (standard
read unit). .
Reads input data.. The READ statements are
computer dependent (CDC or IBM).

IMSL routine called by IMSL routine LEQT2F.
It performs L-U decomposition by the CROUT
algorithm with optional accuracy test.

IMSL routine called by IMSL routines LEQT2F
and LUREFF. It eliminates part of the solu-
tion of AX = B.

IMSL routine called by IMSL routine LEQT2F.
It refines the solution of a set of linear
equations.

Controls the Base Program logic flow, sets
size of the IA and A vectors, initializes
both vectors to zero, and sets the first 5
locations of the integer vector IA. At the
end of the computer run, MAINSV prints out
the maximum size of the working storage.

For CDC code, add PROGRAM SIMVIB (...) card.
Solves for the displacement response of the
system using the Newmark Beta method to

find the time history solution.
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time

TABLE 8. CONTINUED.
Routine
No. Name Brief Description
90 MATMUL Multiplies two matrices together.
NOTE:Subroutines NAMBF1 (no. 86) through

NAMCN1l (no. 89) all perform.the same
function, which is to assign names to
the different degrees of freedom of
each system component.

91 NAMBF1 See note above.

92 NAMBF2 See note above.

93 NAMBM1 See note above.

94 NAMCN1 See note above.

+ 95 NAMES Stores element number for each component in
coordinate labels. CDC uses ENCODE, IBM.
uses ACONDP. . )

96 NAMFAl See note above before NAMBF1l.
97 NAMGF1 See note above before NAMBF1l.
98 NAMISL See note above before NAMBF1l.
99 - NAMMS1 See note above before NAMBF1l.
100 NMARK1 Calculates parameters required to solve the
history equvations of motion by the Newmark
Beta Method for initial points.
101 NMARK2 As above but for intermediate points.
102 NM2RE2 See note above before NAMBF1.
103 NM2RE3 See note above before NAMBF1l.
104 NSPACE Defines number of input loader locations re-
quired for system components.
NOTE:Subroutines PINBF1l (no. 100) through PINMS1
(no. 110) perform the same functions,
which is to print the input for the speci-
fied component. :
105 PINBF1 See note above (this routine handles both in-
plane and vertical bifilars).
106 PINBM1 See note above.
107 PINCN1 See note above.
108 PINEG1l See note above.
109 PINFAl See note above.
110 PINFR1 See note above.
111 PINGEN See note above.
112 PINGF1 See note above.
113 PIN1S1 See note above.
114 PINKL1 See note above.
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TABLE 8. CONTINUED.

Routine
No. Name Brief Description

115 PINMS1 See note above.

116 PINPUT Controls the routines which print the com-
ponent input data.

117 PINPV1 See note ‘above before PINBFL.

118 PINRE2 See note above before PINBFI1.

119 PINRE3 See note above before PINBF1.

120 PINTH1 See note above before PINBF1l.

121 PRINT Prints output results.

122 PRINT1 Controls the printing of component input data
except for ISl and RE2.

123 PRINT2 Controls the printing of component input data

, for IS1 and RE3. '

124 PRTHHC Prints summary of HHC results.

- 125 PRTRE3 Prints rotor impedance matrix and force vector
from G400 program as stored on unit 11 or from
.user input on unit 12.

126 PRTSTR Prints stress matrices from G400 program.

127 PSTRSS Prints summary of stresses.

NOTE:Subroutine RECBFl (no. 118) through RECMS1
(no. 123) perform the same function, which
is to recover initial values of displace-
ments and velocities for time history
restart conditions.

128 RECBF1 See note above (this routine handles both in-
plane and vertical bifilars).

129 RECN1 See note above.

130 RECFAl See note above.

131 RECIS1 See note above.

132 RECKL1 See note above.

133 RECMS1 See note above.

134 RECOVR Controls the recover of initial values of com-
ponent displacements and velocities for a time
history restart condition.

-135 RECRE2 » See note above before RECBF1.

136 RECTH1 See note above before RECBF1.



TABLE 8. CONTINUED.

Routine

No. Name Brief Description
NOTE:Subroutine RENBFl (no. 127) through RENRE2
(no. 133) perform the same function, which is
to initialize the values of displacements and
velocities in the globaldependent coordinate
system and/or recover the component coordinates
number.

137 RENBF1 See note above.

138 RENCN1 See note above.

139 RENFAl : See note above.

140 RENIS1 See note above.

141 RENKL1 ’ See note above.

142 RENMS1 See note above.

143 RENRE2 : See note above.

144 RENTH1 Controls the recovery of the 1n1t1al dlsplace—
ments and velocities for the various components.

145 RESEG1 ' Controls restoring of componént displacements
from the global to the local axis system for:
eigensolution EG1l.

146 RESEG2 As above but for eigensolution EG2.

147 RESFR1 As above but for forced response solution FR1.
In addition, it controls the restoring of the
hub interface forces for component RE3.

148 RESTH1 As above for RESEGl but for the time hlstory
solution TH1. .

149 RESTOR Controls the restoring of component dlsplace—
ments from the global to the local axis system
for the four methods of solution (EG1l,EG2,FR1,
and TH1).

150 RE1TH1 Resolves component displacements, velocities,
and accelerations from local to global axis
system. .

151 RE2EG1 Restores component displacements from the global
to the local axis system for eigensolution EGl.

152 RE2EG2 - As above but for eigensolution EG2.

153 RE2FR1 As above but for forced response solution FR1l.

154 RE2TH1 As above but for time history solution TH1.

155 SAVE . Controls the saving of output results for
printing and/or plotting.

156 SAVEG1 Controls saving of output results for eigen-
solution EGI1.

157 SAVEG2 As above but for eigensolution EG2.

169



170

TABLE 8. CONTINUED.

Routine .
No. Name Brief Description

158 SAVFR1 As above but for forced response solution FRI1.

159 SAVTH1 Saves output results for time history solution
TH1. )

160 SOLEGN Controls choice of eigensolution EGl for systems
without damping or eigensolution EG2 for systems
with damping.

161 SOLEG1 Controls eigenvalue solution EG1.

162 SOLEG2 Controls eigenvalue solution EG2.

163 SOLFRT Controls choice of forced response solution
FR1 or time history solution TH1.

164 SOLFR1 Controls forced response solution FRI1.

165 SOLTH1 Controls time history solution THI.

166 SOLVE Controls type of solution requested: eigen-
solution (EGl or EG2) or forced response/
time history (FR1l or TH1l).

167 SO2EG1 Calculates the eigenvalues and eigenvectors
for the system defined by the mass and stiff-
ness matrices.

168 SO2EG2 Calculates the eigenvalues and eigenvectors
for the system defined by the mass, damping,
and stiffness matrices. :

169 SO2FR1 Calculates the forced response solution.
Assembles rotor impedance matrix for component
RE3 with impedances from other components.

170 S02TH1 Controls the calculations of the time history
response of the system using the Newmark Beta

_ method 'to find the solution.
171 STRRE3 Calculates harmonics of stresses and pushrod
’ loads and one-half peak-to-peak stresses and
loads. .

172 SV2EG1 Saves output results for eigensolution EG1.

173 SV2EG2 Saves output results for eigensolution EG2.

174 SV2FR1 saves output for forced resporise solution FRIL.

175 SV3THL Saves output results for time history restart

‘ cases on unit 8. )
176 TDPRE3 Assembles T matrix in the dependent coordinates
_ domain.

177 TRNSFM Forms the matrix transformations relating the
system coordinates.

*178 UERTST IMSL routine called by IMSL routines EIGZF,

EQZTF, LINV2F, LEQT2F, LUDATF, and LUREFF.
It generates error messages.



No.

Routine
Name

TABLE 8. CONCLUDED.

Brief Description

*179
180
181

182

183
184

*185

*186
*187

*188

*189

*190

191

UGETIO
UPDATE
UPDMD1

UPDPV1

UPDTH1
VDEP

VHSH2C

VHSHZ2R
VHSH3R

VXADD

VXMUL

VXSTO

WZDGF1

IMSL routine called by IMSL routine UERTST.

Updates time or parameter dependent coordinates.

Defines displacements, velocities, and accel-
erations for the independent coordlnates at
the next time increment.

Updates the independent parameter requested
by component PV1.

Updates the time for a time history solution..-
Calculates dependent coordinates for HHC and/.

or stress options for the RE3 component.

IMSL routine called by IMSL routine EQZVF.
Zeroces out a single complex element of a
matrix.

IMSL routine called by IMSL routlnes EQZQF,
EQ2ZTF, and EQZVF.

IMSL routine called-by IMSL routine EQZTF
Zeroes out 2 elements of a matrix.

IMSL routine called by IMSL routines LUREFF
and VXMUL. It adds a double precision float-
ing point number to the extended prec151on
accumulator.

IMSL routine called by IMSL routine LUREFF.
It multiplies two double precision floating
point numbers and adds the extended pre-
cision result to the extended precision
accumulator.

IMSL routine called by IMSL routine LUREFF.
It moves a double precision floating point
number contained in the most significant half
of the extended precision accumulator into
the location specified in the VXSTO argument
list.

Recovers weighting factors for HHC option
from the A storage vector.

*ISML routines to be replaced by the contractor.
+Fortran routlnes to be revised or replaced for CDC system operatlon.
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TABLE 9. BASE PROGRAM COMMON BLOCKS/SUBROUTINES CROSS-REFERENCE LIST

+

12345678910111213141516171819202122232425262728293‘031

Suhroutine T v | 4. - - Subroutine
Name/ : ' %‘D-l'}k}“(’ﬂ o ¥ 0. ;! :fl :{l Q1 \‘:f wl < \fn‘ \‘:{ (\t‘ I O w b {:l Name/
Common Zo2 & Z}—Nz o - ddlwmpnnQ :2 had ¥ X o ‘2 [‘)_ Z o 0_ :2',; (\j Common
Block gsgzmgt—)m{;l{;ﬁ 192z 2Eél 2222222 gguc_oslock
A2 < £ == T E 2259 .
Cxe Lo @ wod gadaduagdaofad U

1 ACONVR ACONVR 1
2 CEFTA X . CBETA 2
3 COATA X X X X CDATA 3
4 CDLLLUG XX XX X X X CDEBUG 4
5 CFKl X X CFR1 5
6 CGEN X X CGEN 6
7 CGF1 b X CGF1 7
8 CINOUT X CINOUT 8
9 CITER X CITER 9
10 CLASEL CLABEL 10
11 CKAXA X CHMAXA 11
12 CHAMES X X X X X CNRMES 12
15 crror X CPFLOT 13
14 CrE: X X CRE2 14
15 CKE3 X X X X’ X CRE3 15
16 CRE3i1 X CRE3H1 16
17 CRE3H2 CRE3H2 17
18 CRSTRYT X X CRSTRT 18

NOTE: + Denotes computer dependent subroutines (1BM or CDC).
* pDenotes IMSL routines which must be replaced by the Contractor.




ELT

TABLE 9. CONTINUED.

X 2 %k x4 +

"32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61

e 5 Subroutine
Subroutine g ) — f g -:(4 a o TG e \L‘) Wb WL Z 2‘@ 9 ‘l._: ) }6 Name/
Name/ Tt T ww g SH e YA e wy g > ﬁf O W & & .3 Common
Comunon S gV & o7 (‘){‘ AN O OmOE LG \—\ 9) o N I(; 'c\;_ __,-\_:IL V4 L& % Block
Block (22 S P Q. 1o SNV HRTLI AT O L CATE GO AU S - @ > U o
. o a o G oy (S T [ W
B SO0y ISE OGS0 60wy W witvuuQ

X ACONVR 1
1 ACONVR CBETA- 2
2 CBETA X X X CDATA 3
3 CDATA : X CDEBUG 4
4 CDEBUG . CFR1 s
5 CrR1 X CGEN 6
6 CGEN CGF1 7
7 CGF) X x X X CINOUT 8
8 CINOUT CITER 9
9 CITER X CLABEL 10
10 CLABEL . : - X X X CMAXA 11
11 CMAXA - CNAMES 12
12 CHAMES - X CPLOT 13
13 CPLOT . . CRE2 14
14 CRE2 x CRE3 15
15 CRE3 CRE3H1 16
16 CRE3Hl - CRE3H2 17
17 CRE3H2 : © X X CRSTRT 18
18 CRSTRT .

. ISR
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+

TABLE

+ 4+ *

9. CONTINUED.

&

*

+

x

*

*

+

62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95

i <) . P ~* “t <4 ;Subroutine
Subroutine «, «. J q. AP Vi e g W oW a7 DA
Name, W@y S g ok g SR E ym i p¥E $uw 3258 Z 5 Soamer
common O it QU PIES PR WL mE XD Lt s 3P0 Y "}I:.!vt‘l K
Block w ity O QB 5 ey S 2=z goowﬁ,,k—}—,x_ 1 & Bloc
@r,}")(dl.?.—z‘_cﬁm’,&(ﬂ@@ - S v _]3934-‘1444444.‘\;
11::{:!:———""‘“‘__._:'—‘—-'—1J-‘—)__,-—',J,) dasxrxxrxo>22zxx=
. ACCNVR 1
; gggng X X X X . CBLTA 2
; X X X CDATA 3
3 coLsv x CDEBUG 4
4 CDEBUG X X X . CDES :
5 CFR1 X CGEN 6
6 CGEN X X CGE
7 CGF1 . CGF1 7
'8 CINOUT x X X X x x 5;2331 g
o CLABE X CLABEL 10
10 CLABEL 10
11 CMAXA X X X X X CMAXA
o4
X X CNAMES 12
12 CNAMES CNAMES 12
13 CPLOT K
X CRE2 14
14 CRE2 3 15
15 CRE3 x X CRE
X b's CRE3H1 16
16 CRE3HL X RE3NL 16
la Cremns X X gRSTRT 18
18 CRSTRT




SLT

TABLE 9. CONTINUED.

96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124

Subroutine] e Y 4 B — ; . <J Subroutine
e B T I R e e R T
Common W — T g:ﬁ (R e - e S U S L L MY 7806 o 2 K 5 -T Common
Block rxi‘gigggﬁzz?;—‘;gézz222‘2222:-m{\_f.(t;““"
< = = 3 T - -S all-~ T :
3523z zzzabaoattooaocdCodooudoon
. 1 ACONVR ) ) ACONVR 1
2 CBETA : CBETA 2
3 CDATA ’ X CDATA 3
4 CDEBUG i CDEBUG 4
5 CFR1 X CFR1 5
6 CGEN . CGEN 6
7 CGF1 ) CGF1 7
8 CINOUT X X © CINOUT &
9 CITER CITER 9
10 CLAREL CLABEL 10
11 CHAXA CHAXA 11
12 CNAMES b3 . i X X X - CNAMES 12
13 CpPLOT CPLOT 13
14 CRE2 X CRE2 14
15 CRE3 X X CRE3 15
16 CRE3H1 X . X CRE3H1 18
17 CRE3H2 CRE3H2 17
18 CRSTRT CRSTRT 18
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TABLE 9. CONTINUED.

125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151

Sub- | ] I . <t v oed ! —y ~4 Sub-
routine vy 7 ! o (‘-L‘ \‘}; j ;' ¢ (;f ‘I—i L 2 N = ‘:l. v ‘l:é ™ o T : % o » routine
Haae/ T 3 g') = (S R S A VIR i L |Lb & E ok £ ow Name/
Commen w v Jd o \.\ﬁ by 8 g L, S D o~ 3D 2 = ~ L W o w i:. P Common
Block I |—-‘ -5 \l)) RO tdg TR -.Tl W Iy a) ) E "")) S ‘lﬁ now 4 T Block
[ S TUN AN L y , , Yoy : r Ve
B R A A e T S i
1 ACONVR ACONVR
2 CBETA X X X X CRE'TA
3 CDATA X X X X X X X CDATA
4 CLEBUG X X X X X CbOFEBUG
5 CFR1 X CFR1
6 CGEN CGEN
7 CGF1 X CGF1
8 CINOUT X X cinourt
9 CITER CITER
10 CLABEL . CLABEL
J1 CHMAYA X X X CMAXA
12 CNAMES X - X X X CNARMES
13 CPLOT CPLOT
14 CRE2 CRE2
15 CRE3 X CRE3
16 CRE3H1 X X CRE3iil
17 CRE3H2 X CRE3H2
CRSTRT

CRSTRT

[
-]

W IOV e
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TABLE 9. CONTINUED.

x

152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178

Subroutine ~ i ; r [ H ; v+ 6 ] i I~ Subroutine
Name/ g [\ H (VN 8" ‘Q ‘;_! ;;, ! L:f [ E‘i ~ \ui ‘:,: ij E 2 ‘“ \L‘? ‘\-_') ‘:E m ST 0 Name/
Common o W w W o oW ou = Y o Nou ﬁ Dy R = ) W= ad Oy E‘ Common
Block gl NS S S Ny W d Jd J -4 e o VBCIRG W~ & = % ogiock
',-‘J! o w & U . 5‘| B‘! ) -’\! I C\I o, £S f:ﬁ a D > Al '\. > 4 %
<] T R R I I R I R e e e I R R e i

1 ACONVR : . ACONVR 1
2 CBETA X X X X X X X X X X CRETA 2
3 CDATA X - . X X X - X CDATA 3
4 CDEBUG X X N . X X X X X X X X CDEBUG 4
5 CFR1 X CFR1 S
6 CCEN X CGEN €
7 CGF1 . CGF1 7
8 CINOUT i X X X X ' CINOUT 8
9 CITER X CITER 9
10 CLABEL CLRREL 10
11 CMAXA X X X CMAaXA 11
12 CNAMES B ¢ . X X X CNAMES 12
13 CPLOT CI'LoT 12
14 CRE2 CRE2 14
15 CRE3J X CRE3 15 .
16 CRE3H1 X X CRE3H1 16.
17 CRE3H2 . . CRE3112 17
18

CRSTRT . ’ X X CRSTRT 18
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TABLE 9. CONCLUDED.

* * * X * *

»

179 180 181 182 183 184 185 186 187 188 189 190 191

Subroutine - ey Y v~ o Subroutine
Name/ [ 9, \#' % S oal U o a 3 }'} U Name/
Common by a N a = v § ] Common
Block i ‘:JDI o QQ_ &: E’JI ol = _i? ig, )d = > (‘3 Block
i Q- : : -, N > N >0
SIS >~ >SS
EEER R 2> 22 3

1 ACCNVR ’ . . - . ACONVR 1
2 CBETA X CEETA 2
3 CDATA X . CDATA 3
4 CDEBUG X X X ’ CDIBUG 4
S CFR1 X . CFRi 5
6 CGEN X X CGEN 6
7 CGH1 CGF1 7
8 CINOUT X X oL CINOUT 8
9 CITER . CITER 9
10 CLABEL . - . CLAEEL 10
11 CHAXA X CMAXA 11
12 CHANMES X CNAMES 12
13 CPLoT X X ) . CPLOT 13
114 CKRE2 . CRE2 14
15 CREJ ‘ CRES 15
16 CKE3H1 ' CRE3H1 16
17 CRE3H2 CRE3H2 17

18 CRSTRT X : CRSTRT 18




'TABLE 10. BEASE PROGRAM INPUT/OUTPUT DATA FILES

Subroutine(s) for
Referencing File &

File Fortran: (Segment No. of Input/Output Function of File
Number Hame* Subroutine) and Character of. Data
1 KINPUT 1. INPUT (3) - Read title cards (up to 4).
2. LOAD (3) Read component input data
{standard read file).
2 KSAVE GVPLOT (18) Store titles, number of parametric variations,:total
nuber of output coordinates, coordinate labels and
final results for plotting.
S IOUNIT LK2RE3 (7) Read G400 rotor impedance matrix and force vector as
specified by the user.
6 KPRINT (As Needed) write titles, input data image, input for each
component intermediate calculations for debugging and
' final results (standard write unit). :
7 KPUNCH (As Needed) Standard punch unit.
8 KRSTRT - 1. RECOVR (8) Read coordinate dimensions for time history restart case.
2. RECTH1 (8) Read data (displacements and derivatives) for restart case.
3. SV3TH1 (18) Write coordinate dimensions and data (displacements and
derivatives) for restart case.
10 10XRE2 LK2RE2 (7) Read E927 stiffness, damping, and mass matrices.
11 I0XRE3 LK2RE3 (7) - Read G400 rotor impedance matrix and force vector from
program.
1z IOXRE} LK2RE3 (7) Read user input of rotor impedance matrix and force vector.
*specified in subrouatine BLOCK
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TABLE 11.

NEW SUBROUTINES REQUIRED FOR ADDITION OF A SUBSTRUCTURE

Routine Segment Called by Subroutine
Number Name Number (in segment Number) Description of New Routine

1 CINBF4 1 CONINP (1) Converts input to internal units.

2 RECBF4 1 RECOVR (8) and Recovers displacements and velocities
RESTH1 (17) for restart cases.

3 PINBF4 4 PINPUT (4) Prints component input data.

4 CRDBF4 9 COORD (9) Forms coordinate attributes.

5 RENBF4 9 RENTH1 (9) Initializes displacements and velocities

for restart cases.
6 NAMBF4 10 LABEL (10) ASSi1gns ' anes Lo the_output‘coordinates
7 CPBF4 13 CP (13) Forms component mass, damping and stiff-

ness matrices.




TABLE 12.

REVISIONS TO SUBROUTINES REQUIRED FOR ADDITION OF A SUBSTRUCTURE

Subroutine Segment
Number Name Number Description of Revisions
1 BLOCK 1 1. COMMON/CNAMES/1Y(21)
2. DIMENSION 1X(21)
3. DATA IX/4HFAl , . . . , 4HBF4 /
4. DO10 I =1, 21 .
2 CONINP 1 1. COMMON/CNAMES/XFAl, . . . , XBF4
2. INTEGER XBF4
3. IF(ANAME.EQ.XBF4) CALL CINBF4(A(LOCDAT))
3 NSPACE 3 1. COMAMON/CNAMES/IX(21)
2. DIMENSION IY(21)
3. DATA IY/12, . . . , NDLOAD/
where NDLOAD = number of input items needed to
specify new element BF4
4. DOIO 11 =1, 21
S. Detfine NWORK = number of work variables needed for
BF4{ 0)
* 6. Revise NTOTAL = NDLOAD + NWORK as appropriate fort
. Br4 : . ’
4 PINPUT 4 1. COMMON/CNAMES/XFAl, . . . , XBF4
2. INTEGER XBF4 - X
3. IF(ANAME.EQ.XBF4) CALL PINBF4 (A(LOCDAT), IELEM,KPRINT)
S LINK 7 Same as revisions 1 and 2 for PINPUT (seg. 4)
) RECOVR 8 1. Same as revisions 1 and 2 for PINPUT (seg. 4)
2.. 1F(ANAME.EQ.XBF4) CALL RECBF4 (A{LOCDAT),
NNG,A(IXDEP),A(IDXDEP)) )
3. If no initial displacements and velocities are to

be recovered for BF4, then code
IF(ANAME.EQ.XBF4) NNG = NNG + NCBF4 .

where NCBF4 = number of coordinates associated
with BF4. .
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TABLE 12.

CONCLUDED.

Subroutine Segment . .
Number ’ Name Number bescription of Revisions
7 COORD 9 1. Same as revisions 1 and 2 for PINPUT {seg. 4)
2. IF(ANAME.EQ.XBF4) CALL CRDBF4(A(LOCDAT),NLOCAL,
NNODEL, NCNL, EULERL)
8 RENTH1 9 1. Same as revisions 1 and 2 for PINPUT (seg. 4)
2. IF(ANAME.EQ.XBF4) CALL RENBF4(A(LOCDAT),NNG, XDEP,
DXDEP)
3. 1f no displacéments and velocities are to be
initialized for Br4, then code
IF (ANAME.EQ.XBF4) NNG = NNG + NCBF4
{same as RECOVR above)
9 LABEL 10 1. Same as revisions 1 and 2 for PINPUT (segqg. 4)
2. I1F(ANAME.EQ.XBF4) CALL NAMBF4(A(LNAME), NLOCAL)
10 UPDATE 12 Same as revisions 1 and 2 for PINPUT (seg. 4)
11 ASSMBL 13 Same as revisions 1 and 2 for PINPUT (seg. 4)
12 CP 13 1. Same as revisions 1 and 2 for;PINPUT (seg. 4)
2. IF(ANAME.EQ.XBF4) CALL CPBF4(A(LOCDAT),NLOCAL,MO,
CO, KO, FO,IDIM) )
13 SOLVE 14 Same as-revisions 1 and 2 for PINPUT (seqg. 4)
14 SO1FR1 16 Same as above .
15 SO2TH1 16 Same as above
16 RESTOR 17 Same as above
17 RESTH1 17 Same as revisions for RECOVR (seg. 8)
18 SAVE 18 Same as revisions 1 and 2 for PINPUT (seg. 4)




TABLE 13. BASE PROGRAM TEST CASES SUMMARY

Case
No.

Case Description

BASE PROGRAM OPERATIONAL AND
SUBSTRUCTURES SOLUTION MODES

Size of CPU

’ . . work
BF1 BF2 BM1 FAl IS1 RE2 RE3 CN1l GF1 MS1 GEN PV1 EGl EG2 FR1 TH1 Vector

Time
{Sec)

1

*5

Inplane bifilars with § fuselage
nowrmal modes using a forced
response solution with longi-
tudinal and lateral excitation
forces.

Vertical bifilars with 5 fuselage
ncimal modes using a forced
response solution with a vertical
excitation force.

Elastic beam model comprising
S5 segments constrainted to
vertical displacement using
eigensolution 1.

Fixed sysiem absorber with mass
added to base using a forced
response solution with a
longitudinal force at various
frequencies.

As Case 4 above using a time
history solution calculated up
to 1 second-line printer
output suppressed.

As Case 5 above using the time
history restart option from 0.05
Lo 0.10 second-line printer output
suppressed.

v . v v v v 2161

v . vV v v v 2307
v v \ v 7865

v - vV v v v . 1065

v v v v X v 1032

v . v v v X . v 1131

0.5

NOTES:

1) V indicates substructures and
2) X indicates operational modes
3) * input and output are provide

solution method used.
and solution methods which cannot be used.
d in this manual. Plots are provided except for Case 12.
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TABLE 13. CONTINUED.

Case
No.

BASE PROGRAM : . OPERATIONAL AND

- SUBSTRUCTURES SOLUTION MODES

Fxad

Case Description

BF1 BF2 BM1 FAl IS1 RE2 RE3 CNl GFl MS1 GEN PV1 EG1l EG2 FR1 THI1

Work

Vector -

Size of CPU
Time

(Sec)

*7

10

*11

One d.o.f. (Vertical Motion) v v v v v
nodal isolator with 2 fuselage L
and one transmission normal mode

using a forced response solution

with a vertical excitation

force at various frequen-

cies (see Figure 44a).

Two d.o.f. (Vertical and Lateral

Motion) nodal isolator with one

transmission normal mode with

the vertical force acting on
node ‘1 (see Figure 44b).

Two d.o.f. (Vertical and Lateral

Motion) nodal fuselage and one
transmission normal mode with the
vertical force acting on node 3
{see Fiqure 44c).

As Case 9 above but with 6 v v v v v
normal modes for the fuse- .

lage and six normal modes for

the transmission.

Six d.o.f. nodal isolator v \'4 v v v

assembled from 4 isolator bars,
positioned 90° to each other.

v

3055

2794

3090

5915

+14831

1.0

0.4

NOTES:

+ X<

indicates substructures and solution method used.

indicates operational modes and solution methods which cannot be used.

input and output are provided in this manual. Plcts are provided except for Case 12.
case cannot be run in an interactive mode since size is greater than 8400 words.
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TABLE 13. CONCLUDED.

Case
No.

Case Description

BASE PROGRAM OPERATIONAL AND
SUBSTRUCTURES SOLUTION MODES

BFl1 BF2 BM1 FAl ISl RE2 RE3 CNl GF1 MS1 GEN PV1 EGl1 EG2 FR1 TH1

Size of CPU
work Time
Vector {sec)

.12

*13

14

15

16

E927 elastic rotor with 12 rotor
coordinates and 5 fuselage modes
using eigensolution 2.

User input of rotor impedance
matrix with 6 hub displacements
and 4 fuselage normal modes using
forced response solution.

G400 program rotor impedance
matrix with 6 hub displacements
and 3 ARES model normal modes.

No HHC and no stress options used.

As Case 14 with the
stress option invoked.

As Case 14 with both HHC
and stress options invoked.

v v v v

+14529 2.2

1985 1.0

2190 0.8

5397 1.4

5538 1.5

NOTES :

1) V indicates substructures and
2) X indicates operational modes

solution method used.
and solution methods which cannot be used.

3) * input and output are provided in this manual. Plots are provided except for Case 12.
4) + case cannot be run in an interactive mode since size is greater than 8400 words.




TABLE 14. BASE PROGRAM TEST CASES TEKTRONIX PLOTS SUMMARY

Test Figure Abscissa ordinates »
Case No. Name Units Name Units Plot Description
5 45 TIME Sec 1. DELT Ft Time history response of fixed system absorber
. 2. X " and modal structure longitudinal displacements.
Response increases with time because system is
nct ‘restrained.
7 46 FREQUENCY Hz 1. 2T G's Forced response of transmission and fuselage
2. 2B " vertical displacements with one 1-D isolator
system for a forcing frequency range up to
50 hz. TFuseladge motion is a minimum near fre-
quencies of 17 and 27 hz and a maximum near 21 hz.
11 47a FREQUENCY Hz 1. XBF G's Forced response of fuselage displacements at the
2. YBF " location of the first 2-D isolator for a system
3. ZBF " made up by four 2-D isolators. Frequency range’
is up to S0 hz.
47b FREQUENCY Hz - 1-4 ZBF G's Forced response of fuselage vertical motion at
the four isolator locations. Positions 1 and 3
show almost the same response; similarly for
positions 2 and 4. .
47¢ FREQUENCY Hz 1-4 ZBF G's Figure 45c is a perspective plot of the results
of Figure 45b with 2ero density value.
47d FREQUENCY Hz 1-4 ZBF G's Same as'Figure 45c with the default density value.
47e FREQUENCY Hz 1-4 2ZBF G's Same as Figure 45d with depth reversed.
47f€ FREQUENCY Hz 1-4 ZBF G's Same as Figure 45d with abscissa reversed.
479 FREQUENCY Hz 1~-4 2BF’ G's Same as Figure 45d with ordinate reversed.
47h FREQUENCY  Hz 1. 2ZBF G's Forced response of fuselage vertical motion at

the location of the first 2-D isolator.as a function
of isolator mass and frequency. Test case 11 was
run for 5 values of isolator mass: 24 to 64 pounds
in increments of 10 pounds. The response is plotted
for cases 1, 3 and 5 to show the plot package capa-
bility of plotting data from different cases (up

to 5 cases can be used).
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TABLE 14. CONCLUDED.
Test Figure Abscissa Ordinates
Case No. Name Units Name Units Plot Description
13 48a 3RD MODE Hz 1. RX Lbs Forced response results of hub forces using
FREQ 2. RY " user input of rotor impedance matrix and force
3. RZ " vector for a frequency up to 30 hz. .
48b 3RD MODE Hz 1. X G's As Figure 48a but with display of hub accelera-
FREQ 2. Y " tions.
3. 2 "
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APPENDIX A: G400/F389 COUPLED PROGRAM

A.1 PROGRAM STRUCTURE AND USAGE

The computer programs G400 and F389 were coupled by means of a
Fortran ‘driver program to allow blade circulations and rotor
induced velocity fields to be calculated iteratively to achieve a
consistent rotor aeroelastic response and variable inflow state
among the programs. The G400 progrgm- analysis and user's manual
are presented in References 2 and 3. . The F389 program analysis
and user's manual are described in References 8.

The driver program is called VIBIT. The coupled program seg-
mentation structure is illustrated in Figure A.1l. From this
figure, it is seen that the G400 program is made up of 3 segments:
. G400PG, NIAM and MOTION, while the F389 program consists of 6
segments: F389PG, SECONE, SECTWO, SECTRE, SECFOR and SECFIV. A
description of the 10 segments making up the G400/F389 program
appears in Table A.l1l.  CDC dependent routines ‘are: RESETQ (seg-
ment 2), NIAM (segment 3), SREC and SKPFIL (both in segment 9).

The logic of the coupled program allows 3 modes of operation:
G400 alone, F389 alone, and G400/F389 coupled operation. These
options are illustrated in the logic flow sketch from Flgure A.2.

The control parameter, N, is the first item of input loaded in the
program. It controls the different modes of operatlon as shown in
the table attached to Figure A.2.

The data transfer files required for the execution of the G400 and
F389 programs in both the uncoupled and coupled modes are shown in
Figure A.3. A summary and a description of the various input/
output data files is presented in Table A.2.

A sample input runstream is presented in Table A.3 for a 2-cycle
operation. To run G400 alone, data blocks 1 and 2 only are
needed. To run F389 alone, data blocks 1 and 3 are needed;
however, in this case, the user must also provide the linearized
airfoil characteristics and the axial velocities (if desired) as
part of input block 3. To rune one complete cycle, then data
blocks 1 through 4 are needed. Four input locations for the G400
data block 2 must be given the values listed below:

location 48 = 1.0 - calculate harmonics of blade responses.

location 76 = 1.0 - write initial conditions to unit 24.

i
o
=1
[
H
g

location 998 PSI ~ azimuthal increment for F389 data.

location 999 = 1.0 - transfer of data to F389 through units
13, 16 and 23.
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The F389 input locations 88 and 206 in data block 3 must be set to
1.0 for coupling with the G400 program. Data block 4 contains
only new or revised input locations as compared to the G400 data
already provided in data block 2 which were stored in unit 24 for
later use. Examples of revised input parameters are: tip 1loss
factor should be set to 1.0 (location 7), variable inflow option
is activated (locations 53 and 54 are set to 1.0), new initial
conditions should be read from unit 26 (location 76 equals 2.0).
Other parameters may be changed as desired by the user. To
execute more than one cycle, the input data blocks 5 and 6 are
repeated. The F389 data in block 5 contain only new or revised
locations because the previous loader data from block 3 have been
stored in unit 25 for use in subsequent F389 -runs. The new
character of block 5 data for F389 is analogous to the  block 4
data for G400. A precautionary observation is that new .or revised
input data provided in data blocks 4 and 5 are not written to
units 24 and 25 respectively. Thus, when more than one G400/F389
cycle is requested, the new or revised input parameters must be
relocated. For example, in Table A.3, G400 data block 6 must
duplicate the revisions provided in data block 4 lf they are. stlll
required.

A.2 PROGRAM EXECUTION

The execution of the G400/F389 coupled program for one cycle is
presented in Figure A.4 and Appendices H and I. Figure A.4 shows
the Job Control Language (JCL) used to run the program on the. IBM
370/68 computer system. The input data are contained in the file
specified under unit 5. A listing of the complete input data is
provided in Appendix H. Referring to Table A.3, -the input data
contain the cycle control option (data block 1), G400 data for the
first pass (data block 2), F389 data for the first pass (data
block 3), and G400 data for the second and final (for this exam-
ple) pass (data block 4). The output for the coupled run is shown
in Appendix I. Additional results can be printed out for both
programs but are not shown for this sample run to minimize. the
size of this report.

A.3 CDC PROGRAM INSTALLATION- AND OPERATION

This section provides the Job Control Language (JCL) for the
installation and operation of the G400/F389 program on the NASA-
Langley CDC NOS computer facility. The installation and operation
procedures are based on protocol and system library facilities
associated with the NASA-Langley CDC NOS computer facility.

The JCL for 1nstallat10n ‘of the G400/F389 program is presented in
Figure AS5.

The JCL for execution of the G400/F389- program 1s presented in
Figure A6.

The JCL instructions apply to remote job entry operation (such as
a telephone linkup). Revisions needed to run with card images are
indicated in Figures A5 and A6.
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AIR FOIL

BLADE DATA

FILES

INITIAL COND

FILE 26

VAR INFLOW

VAR INFLOW
FILE 4

| > I ¢ l LOC76=2+’ LOC999=O| ILOC999=I

G 400 PROGRAM - NZ-I

N21 § N=-1,0
z " Loc 7620 Yioc 78=1,2 LOC 93070 N21
PLADEDATR] [AIR FOIL | - faxiaL ‘l iniTiaL conp|  [iINmaL con iMpeD.| [ T | OADER DATA
FILE | [ FLE23 | [FILE 13| FILE | “FILE26 | | FLE NN "ALE 6 FILE 24
[ 2 [ .
BLADE & AIRFOIL
DATA 8 AXIALVEL]
F 389 PROGRAM - N=-28 2!
N2 I N=-2 N>2
VAR INFLOW | [var INFLOW] [LOADER DaTA
e e — e e —  G— o — vl —
FILE i4 FILET FILE 25

F 389 INTERNAL STORAGE/WORK FILES
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START

PR it A i it i st S bokgte: gt g it g At iy o
a 1 //ET473RUN JOB (4045,STAL,15,15), 'CASSARIND - X7358°, 0001
1 /27 CLASS=D, TIME=01,REGIONS3000K, 6002
/7 MSGCLASS=T,MSGLEVEL=1,NOTIFY=ET473 0003
T YR JOSPARH SE 0004
1 //% ¥ W 000§
1 /% 6400/F389 COUPLED PROGRAM 0006
e 3 /% JCL FROM 'ET473.6400F389.CNVTL(REPORT)' . __ 0007
1 TR EXECOTES NCYETE(S) = 6<400/F~389/6-400 0008
1 //%nw 4 0009
2 1 //STEPO1  EXEC PGM=COUPLEDX,TIME=10 0010
3 1 //STEPLIB DD DSN=ET473.6400F389. LOAD,DISP=SHR 0011
177 6612 .
1 /7% INPUT DATA SET IN UNIT 5 (FTYOSFO001) CONTAINS: - 0013
1 /%1, ===> RUN OPTION INPUT CARD - I2 FORMAT 0014
1 s/ 2. 6-400 INPUT = AIRFOIL, BLADE DATA, AND MODE SHAPES 8015
T T T 773 ‘S F=389 IRPOT = LOAD UNLY OATATNOT PASSEDTHHAU BY 6-40C — (016
1 /% 6, > G-400 INPUT - NEW LOADER DATA IF NEEDED 0017
1 s//# 5. sz> REPEAT CARDS 3 & 4 ABOVE FOR F-389 & G-400 NEW DATA 0018
1 /7% 0019
I 77%  STANUARU READ URIT 0020
1 /7 0021
4 1 //FTOSFOO]. DD DSN=ET473.6400F389.DATALCYCLESL ) ,DISP=SHR 0822
002
- ‘! '7/#" STANDARD WRITE ONIT™ — = — — — — — =~ — — — = =~ — 7 024
1/ 0025
S 1 //FT06F081 DD SYSOUT=T 0026
1 /7% - - 0027
I 77% T STANDARU PURCH URIT 8028
b 2 0029
6 1 //FTO7FO01 DD  SYSOUT=T 9030
1 /7 0031
T T I 77%RaRN T 6400 PRUGRAM USES FILES IT)2%,25 —Fruiiiifaiineiliin i it nimn ot 32
1 /7 6033
1 //%e==cem UNIT ll~ 6-400 DATA ONLY - IMPEDANCE FOR RDYNE - FORMATTED 0034
1 /7 0035
I 77FTITFOUT DU DSREZIFILEIT, URITEVRURK SPACESTTRR, 120510775 (1:k09
1 /7 DCB=(RECFM=FB, LRECL=80,BLKSIZE=19040),DISP=(NEW,DELETE) 0037
1 /7 <0038
1 //#—-w=== UNIT 24= G-400 DATA ONLY - LOADER DATA - FORMATTED 0039
T T /RS TR e e T T e ST e T e S e S ST S S e F e S ST ST ST ST SR S ST ST 0040
€ 1 //FT24F001 DD DSN=2IFILE24sUNITSVHORK,SPACEZ(TRK,(20,10)), 0041
1 /2 DCB=(RECFMzFB, LRECL=120,BLKSIZE=18960),DISP={NEW,DELETE ) 00642
1 /rw 0043
——— 7%= UNIT 6= G800 DATA ONLY =~ TRITIAL CONDITIONS = FURMATTED —004%
1 /7% 0045
& 1 //FT26F001 DD DSN=32FILE26,UNITEVHORK,SPACEE(TRK,(20,10)), 0046
1 DCB=(RECFH=FB, LRECL=80,BLKSIZE=19040 ) ,DISP=(NEW,DELETE) 0047
T IT J7NSE T e TR et T et T e ST e The S e S T S e S e T R m £ T e T Soe ST e ST e S s e ST S ST 0058
1 //7wwwunin  F=389 PROGRAM USES FILES 2,3:15,25,28,29,30 I0HHHEHHHEHHHHIN00649
1 /7% 6050
1 //%==—=== UNIT 15- F-389 DATA ONLY - NABAT HARMONICS - FORMATTED 0051
- 77 24
1© 1 //FT15F001 DD DSN=ET473.F389.DATA(WABAT2),DISP=SHR 0053
1

/7% 0054

Figure A4. G400/F389 IBM Job Control Language.
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LS ietuivh pbrinte Ifivinifwniaio et Aol Seninguthdnteiuiat Imiiivisginiate. vl G bt pind fwtutriwh it
1 //%memeee UNIT 25- F-389 LOADER DATA - FORMATTED 0055
1 /7% 0056
Il 1 //FT25F001 DD DSN=22FILE25,UNIT=VWORK,SPACEZ{TRK,(20,103), __.0057
I—77 BEBS(RECFHEFB,LRECLE 1zo.Bu<s:z 601, DISPETNEN, DELETET ™ 0053
1 /7% 0059
1 //#eweeew F=389 PROGRAM USES FILES 2,3,28,29,30 FOR TEMPORARY STORAGE 0060
1 /% -0061
T VL Y T7/FtoZFOTI U0 UENSTLFILEG2 UNTT=VIORK, SPACE=TTRK, (20,1000, - “0062
1 /7 DCB=(RECFM=VBS, LRECL=19060,BLKSIZE=19069), 0063
1 /7 DISP=(NEW,DELETE) - 0066
1> 1 //FT03F001 DD DSN=32FILED3,UNIT=VIORK,SPACEZ{TRK,(20,10)), 0065
T DCBE (RECFHEVES IRECLETS080 BLKSTEEZ190697, 0066
1 /7 DISP=(NEW,DELETE) 0067
\& 1 //FT28F001 DD DSN=&2FILE28,UNITZVHORK,SPACES(TRK,(20,10)), 0068
1 /7 DCB=(RECFM=VBS, LRECL=19060,BLKSIZE=15069), - 0066
— Y 77 ™ 7T T TTDISPETNEW,DELETET T T 670
IS 1 //FT29FC01 DD DSN=&3FILE29,UNITSVUORK,SPACEZ(TRK,(20,10)), 0071
1 /2 DCB=(RECFM=VBS, LRECL=19060,BLKSIZEZ19069), 0072
1 /7 DISP=(NEM,DELETE) 0073
=T 77F TR D01 U0 T DSHEL L FILE D UNITEVIRERR T SPACESUYRIG TR0 1015 to7a
} S DCB={RECFH=VBS, LRECL=19060,BLKSIZE=19069), 0075
1 o7 DISP=(NEW,DELETE) . 0976
1 /7% - 0077
T T T7/#SeTELTT GE40U/FS3BY COUPLEDTPROGRAMALSD USESTFILEST13714716723 ™ “Go7e
1 /7% 0075
1 //%#e=-e=e G-400 DATA FOR THE F-389 PROGRAM - FILES 13,16,23 0080,
1 /7% 0081
-———1—-77::.—.-.—.-:— URTT 13- G-400 UATA FUR F-389 = TRI' ST <~ FORHATYED 0082
" 008
] 1 //FT13F001 DD DSN=2&FILE13,UNIT=VHORK,SPACEZ(TRK,(20,101), 0084

DCB (RECFH-FB-LRECL'BO.BLKSIZE 19040].DISP S(NEW,DELETE) = 0085

T 1T 77%ssLTEeTS "=20085
1 //#e==ee-  UNIT 16~ G-400 DATA FOR F-389 - BLADE INPUT -  FORMATTED Q087
1 /7 - 0088
18 1 //FT16F001 0D DSN=22FILElé, UNIT=VWORK , SPACE={TRK,120,10)), 0089
T DUBETRECTMEFD LIRECL¥ 120 BLRSTZESI89607T 0090
Y DISP=(NEW,DELETE) 0091
1 //% 0052
1 //%------ UNIT 23- 6-400 DATA | FOR F-389 ~ - AIRFOIL DATA -  FORMATTED 0093
—— -7 P —— e S ST S ST S GG
19 1 //FT23F001 DD DSN=22FILE23,UNIT=VORK,SPACEZ(TRK,(20,10)), 0095
1 /7 DCB=(RECFM=FB, ! RECL=120,BLKSIZE=18%60), 0096 -
1 7/ DISP=(MEW,DELETE) 0097 .
77 SESSSSSE20058
1  //#e====e F-389 DATA FOR THE G-400 - FILE 14 0099
4 0100
1 /e UNIT 1‘0- F-359 DATA FOR 6-400 - HARMONICS V.I.~ FORMATTED 0101
—— - reTEaEE . S ST iEnTEa01 02
201 //FT16F001 DD DSN=32FILE14,UNIT=VWORK,SPACE=(TRK,(20,10}), 0103
1 /7 DCB=(RECFH=FB,LRECL=80,BLKSIZE=19040), 0104
1 /7 D1SP=(NEW,DELETE) 0105
Y77 h 0106
1 /% <=== END OF JCL CONTROL CARDS 0107
1 % 0108
b I 74 0109

Figure A4. Concluded.
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* /J0B
% /NOSEQ
VIBITL,T1400,CM300000.

RFL(300000)
GET,FILE3.

GET,FILE4.

GET,FILE5X.

GET,FILE6.

GET,FILE7.
FTH(I=FILE3,R=0,L=TAPE10,B=VIBGO,A)
FTN(I=FILE&4,R=0,L=TAPE11,B=VIB1GO,A)
FTN(I=FILESX,R=0,L=TAPE12,B=VIB2G0,A)
FTN(I=FILE6,R=0,L=TAPE13,B=VIB3G0,A)
FTH(I=FILE7,R=0,L=TAPE14,B=VIB4GO,A)
REPLACE(VIBGO)

REPLACE(VIB1GO)

REPLACE(VIB2GO)

REPLACE (VIB3GO)

REPLACE (VIB4GO)

. ATTACH(ALTMLIB/UN=LIBRARY)
SEGLOAD(B=VIBABS)
LDSET(LIB=ALTMLIB,PRESET=2ERO,MAP=SBEX/LMAP)
LOAD(VIBGO)

LOAD(VIB1GO)
LOAD(VIB2GO)
LOAD(VIB3GO)
LOAD(VIB4GO)
NOGO.
REPLACE (VIBABS)
DAYFILE, JCLOUT.
REPLACE, JCLOUT.
REPLACE(TAPE10=FORT3)
REPLACE(TAPE11=FORT4)
REPLACE(TAPE12=FORTEX)
REPLACE(TAPE13=FORT6)
REPLACE(TAPE14=FORT7)
REPLACE,LMAP.
EXIT.
DAYFILE, JCLOUT.
REPLACE, JCLOUT.
REPLACE(TAPE10=FORT3)
REPLACE(TAPE11=FORT4)
REPLACE(TAPE12=FORT5X)
REPLACE(TAPE12=FORT6)
REPLACE(TAPE14=FORT7)
REPLACE,LMAP.

*x /EOR

FIGURE A5. CDC JCL FOR INSTALLATION OF THE G400/F339 PROGRAM.
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F389PC GLOBAL
F389PG GLOBAL
G400PG GLOBAL
G400PG GLOBAL
G400PG GLOBAL
G400PG GLOBAL
G400PG GLOBAL

BETDAT,BLKDAT,BLOCK]1,CONST1,CONST2,CONST3,CONTRL-SAVE
CWAKES, GRPL,LAFDAT,PSIVAR,STOPIT,TEMPST,XAFDAT-SAVE
ADERIV,BLDDOF,BLOCK,BLSTRS,CBRVAR,CLDMTB, DATALV-SAVE
DATEET, DOFVAR,DSINTS,FLXBTC, GLAURT,HARRAY ,HRMINF=SAVE
IMISCl, IMPDAT, INRTHB,10F389,LINEAR,MISC1,MISC2-SAVE
MISC3,MISC4,MISC5,NVDAMP,PHDULM,PNDVAR,SINTS~SAVE
SPNVAR, TRIM, TRNSNT, TTBNDG-SAVE '

SUB TREE 'F339PG-(SECONE,SECTWO,SECTRE~(SECFOR,SECFIV))
TREE VIBIT-(G400PG-(NIAM,MOTION),SUB)
END VIBIT

* /EOF

* For card images operation:

1. delete /J0B and /HOSEQ instructions (first 2 cards).

2. replace
3. replace

/EOR with a 6/7/8 multiple punch card.
/EOF with a 6/7/8/9 multiple punch card.

FIGURE A5. CONCLUDED.



x /J0B.

% /NOSEQ
VIBRUN,T1400,CM200000.
T J——— o
CHARGE , ~—=mum ,LRC.

RFL(300000)
GET,VIBABS.
GET,TAPE5=G400R3. 4
GET,TAPE15=FZ SWAB2 <z=== HARMONICS OF FUSELAGE INDUCED
VIBABS,TAPES. " VELOCITIES FROM WABAT PROGRAM
DAYFILE,JCLOUT. '
REPLACE,JCLOUT.
REPLACE(OUTPUT=0UTVIB) _ -
REPLACE(TAPE11=0400M3) <==== IHPEDANCE MATRICES STORED IN .UNIT 11
EXIT. ' o
DAYFILE,JCLOUT.
REPLACE,JCLOUT.
REPLACE(OUTPUT=0UTVIB)
REPLACE(TAPE11=G400M3)
DMD(200) '

x /EOF

* For card images operation:

1. delete /7J0B and /NOSEQ instructiens (first 2 cards).
2. replace /EOF with a 6/7/8/9 multiple punch card.

FIGURE A6. CDC JCL FOR EXECUTION OF THE G400/F339 PROGRAM.
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TABLE A.l. G400/F389 SEGMENTATION STRUCTURE DESCRIPTION

Segment Leading
Number Routine Segment Description

1 VIBIT Controls execution of the uncoupled and coupled program versions.

2 G400PG . Controls execution of the G400 program. Reads and writes airfoil data and
initializes varlables

3 NIAM Reads and prints input data for blade characteristics, mode shapes, and vari-
able inflow, forms various papameters, sets up deflectlon arrays, and calcul-
ates pitch coupllng terms. .

4 - MOTION Initializes varlableg, sets up data for hub motion and pendulum absorbers,
calculates trim required quantities, solves for the time history response,
calculates rotor performance, blade stresses, and bub loads, and performs

» harmonic analysis of final results.
.5 F389PG controls execution of the F389 program. Initializes the loader vector.

6 SECONE Reads and prints input loader data.

7 SECTWO Reads airfoil data, calculates rotor attitude, blade flapping, and blade coordi-
nates, sets up wake model, calculates aerodynamic parameters, reads axial
velocities, and prlnts out intermediate results. : X

8 SECTRE Controls input of the wake geometry and solutlon of the rotor 1nduced velocity

. field.

9, SECFOR Sets up the rotor wake geometry.

10 SECFIV Solves for the rotor induced veloc1ty field and prov1des output of the c1r-v

culatlons and the varlable inflow velocities and harmonics.
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TABLE A.2. C400/F389 INPUT/OUTPUT FILES

File
No.

1

11
13

14

16

23

24
25

26

' F389 G400  G400/F389
Mode Mode Mode Description of Input/Output Files
X 1. G400 output of initial conditions if loc 76 = 0
’ 2. G400 output of blade and airfoil data and axial velocities
for F389
X X Tempeorary storage of circulat{on solution geometric influence
coefficients in block form .
X X Temporary storage of intermediate solution quantities
X X X Standard read file -
X X X Standard write file
X Standard punch file - F389 output of variable inflow
X X G400 save unit for rotor impedance maﬁrix and force vector
X G400 save Qnit for axial velocities transmitted to F389 program
X F389 save unit for variable inflow transmitted to 6400 program
X F389 input of induced velocities from the WABAT program
X G400 save unit for blade data transmitted to F389 program
X- G400 save unit for linearized airfoil data transmitted to F389
program
X G400 loader data storage for coupled operation
X F389 lcader data storage for coupled operation
X X G400 output of initial conditions if loc 76 = 1 or 2.

Initial conditions are read from unit 26 only if loc 76 = 2
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TABLE A.2. CONCLUDED.

File F389 G400 G400/F389

No. Mode Mode Mode Description of Input/Qutput Files

28 X X Temporary storage of circulation solution geometric influence
coefficients

29 X X Temporary storage of far field geometric influence coefficients

30 X Stoiage of wake coordinates
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TABLE A.3. G400/F389 INPUT OUTLINE FOR TWO CYCLES

Data
Block

Program
.. G400 or F389

Ihput Descfiption

G400 and F389

Load N in I2 format for all runs:
N ~2. - run F389 alone .
-1,0. - run G400 alone

F389

G400

'F389

"G400.

G400 program input data for:

a) airfoil characteristics

b) blade data

c) mode shapes

d) variable inflow (if desired)
Data stored in unit 24. ‘

F389 program input data. Data stored in unit 25.

_For the 2nd pass on the G400 program, only new or

revised locations need to be loaded. The G400 data

of block 2 above are stored in unit 24 and read in

subsequent calls to G400.

If more than one cycle is requested, then only new
or revised locations need to be ‘loaded for the 2nd
pass on the F389 program. The F389 data of block 3
above are stored in unit 25. : R

This is the 3rd pass on the G400 program for 2 or
more cycles. These data could be the same as that of
block 4 above. Repeat data blocks 5 and 6 for more

. cycles.




- - APPENDIX B: E927 PROGRAM

'B.1 . PROGRAM EXECUTION

A brief description of the Rotor Aeroelastic Stability Analysis
(Program E927) is provided in section 5.2 of this report. The
instructions for executing the E927 program are provided in
Reference 5. For this contract, location 110, which controls the
coupling of the rotor matrices with the bifilar analysis, is not
applicable. The input value is ignored in the revised program
logic. : ’

The IBM job" control language (JCL) needed to execute the E927 .
program is presented in Figure Bl. Unit 10 is used to store the
rotor matrices - (mass, damping, and stiffness), as indicated by the
control card no. 8. T ‘

A typical input case is shown in Appendix J. The generated output
is presented in Appendix K. The rotor matrices printed out at the
end of the case are stored in unit 10 and are used subsequently in
the execution of the Base Program (SIMVIB). Case 12 from Table 13
employs the rotor matrices from this sample run. "

B.2 CDC PROGRAM INSTALLATION AND OPERATION'

This section provides the Job Control Language (JCL)  for the

installation and operation of the G400/F389 program on the NASA-
Langley CDC NOS computer facility. The installation. and operation
procedures are based on protocol and system 1library facilities
assoc1ated with the NASA- Langley CDC NOS computer fac111ty

" The JCL for installation of the E927 program is presented in
Figure B2. .

The JCL for executlon of the E927 program is presented 1n Figure .
B3.

The JCL instructions apply to remote job entry operatlon (such as.
a telephone linkup). Revisions needed to run w1th card images are
indicated in Figures B2 and B3.
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.. //ZETG73RUN JOB (4045,5TAL,19,15), 'CASSARINO - X7358', . .

'e4 CLASS=D,TIME=01,MSGLEVEL=(1,0),REGION= BOOOK,
4 MSGCLASS=T,NOTIFY=ET473
96 603636 96 96 H 5696 I 366 96 56 36 636 6 76 26565 36 96 P 36 36 36 36 96 76 36 6 96 36 36 36 3E 6 3696 36 3 36 6 36 36 96 36 36 6 3636 36 36 6 3636 36 3 3696 96 3¢

.. %%%  EXECUTION OF E-927 PROGRAM REVISED FCR SIMVIB PROGRAM .

****************************i*****************************i‘**********

//STEPO1 EXEC PGM=E90BCSV1
//STEPLIB DD DSH=ET473.E90BCHAS.LOAD,DISP=SHR

o HRF e e e ---

% READ IP"UT DATA FROH UNIT 5
¥

//FT05F001 DD psSH= ET473 SIMVIB.DATA(E927RUN},BISP=SHR

32 3 = = - -

%% R?ITE OUTPUT T0 UNIT 6

#%3% -

//FTO6F00Y DD SYSCUT‘T

#9696 = e e e e

#3% PPOGR‘H UQES HORK FILES 8 AND 11

DT T _—

- //FTQ8F001 DD UNIT=RKORK,DISP=(NEW,DELETE),SPACE=(TRK,(5,1)),
vl -..DCB=(RECFM=VSB, LRECL=680,BLKSIZE=2053) . ...

//FTllFOOl DD UNIT=WORK,DISP=(NEW,DELETE)},SPACE= (TRK,(13,1));

Figure Bl. E927 Program IBM JCL.

174 DCB=(RECFM=VSB,LRECL=404,BLKSIZE=2050)
b2 2 -
..OUTFUT. MATRICES ARE. KRITTEN.TO. UNIT.10 FOR SIMVIB PROGRAqummmMmm“
* 5% 9% - -
//FT10F001 DD DSN=ET473.E927CUT.DATA,DISP=(NEHN, CATLG)-
res UNIT=TS0,SPACE=(TRK,(5,5) 3},
nllon e . DCBZ(RECFH=FB,LRECLZ80BLKSIZE=3120) o e & e v e o
L2.2.3 d
%% END OF JCL SETUP
£ 223 ———
{4
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* /JOB

* /NOSEQ i
ES27LNK,T1400,CM300000.
USER ) ~——wmmem .

CHARGE,; ~~=—=—— sLRC.

RFL(300000)
GET,E927BF.
GET,E9275V.
FTN(I=E9278BF,%=0,L=TAPE1,B=E9BFGO, A)
FTM(I=E9275V,k=0,L=TAPE2,B=E9SVGO, A)
REPLACE (E9BFGO)
REPLACE(E9SVGO)
ATTACHCALTMLIB/UN=LIBRARY)
SEGLOAD(B=ESVABS)
ILDSET(LIB=ALTMLIB,PRESET=ZERO,MAP=SBEX/LMAP)
LOAD(ESBFGO)
LOAD(ESSVGO)
~ NOGO.
REPLACE (ESVABS)
DAYFILE, JCLOUT.
REPLACE, JJCLOUT.
REPLACE(TAPE1=FORTBF)
REPLACE(TAPE2=FORTSV)
REPLACE,LMAP.
EXIT.
DAYFILE,JCLOUT.
REPLACE, JCLOUT.
REPLACE(TAPE1=FORTBF)
REPLACE(TAPE2=FORTSV)
REPLACE,LMAP.
% /EOR
SHAKIT GLOBAL DYNINP,INEIGN,INEIG,EOF6,PRNTSW, TMDS,NIMIC, LAGDAM
TREE SHAKIT—(PRELIM,DYHMAT, AERMAT,EIGER)
END  SHAKIT
% /EOF

% For card images operation:
1. delete /JOB and /NOSEQ instructions (first 2 cards).

2. replace /EOR with a 6/7/8 multiple punch card.
3. replace /EOF with a 6/7/38/9 multiple punch card.

FIGURE B2. CDC JCL FOR INSTALLATIDN OF THE E927 PROGRAM.
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% /JOB

. % /HOSEQ

" E927RUN,T1400,CM300000.
USER, ~——wmmme . .

RFL(3060000)
GET,ESVABS.
GET, TAPES=ES27R1.
ESVABS, TAPES.
DAYFILE,JCLOUT.
REPLACE,JCLOUT.
REPLACE(TAPE6=E9270UT)
REPLACE(TAPE1O0=E927MAT) <z== ROTOR & HUB MATRICES STORED IN UNIT 10
EXIT. S
DAYFILE,JCLOUT.
REPLACE, JCLOUT:
REPLACE(TAPE6=E9270UT)
REPLACE(TAPE10=E927MAT)
DMD(200)
% /EOF

% For card images operation:

-1, delete /JOB and /NOSEQ instructions (first 2 cards).
2. replace /EOF with a. 6/7/8/9 multiple punch card.

FIGURE B3, CDC JCL FOR EXECUTION OF THE E927 PROGRAM.
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End of Document




